Continuity and Differentiability Exercise 1:
Single Option Correct Type Questions

x<1
, where [x] denotes the greatest

. Tx
I )=
[x], x21
integer function, then
(a) f(x)is continuous at x=1
(b) f(x)is discontinuous at x=1

(o) f17)=0
(d) f17)=-1
8% —4% -2* +1
= - 7 x>0
. Consider f(x)= x2

e’ sinx+mx+klogd, x<0

Then, f(0) so that f(x)is continuous at x =0, is

(a) log4 (b) log2
(c) (log4)(log2) (d) None of these
1—xsi +b +5
a(l—xsin x)+bcos x | x<0
X2
. Let f(x)= 3, x=0
d 3 1/x
14| e , x>0
2

If f is continuous at x =0, then (a+b+c +d)is

(a) 5 (b) =5 (0)log,3-5 (d)5-log,3
-1
I f(x) =08 OOEXBX<TIZ L the jump of
n[x]-1, x=m/2

discontinuity, (where [] denotes greatest integer and {}
denotes fractional part function) is

T
—-1

(a)1 (b)ym/2 (c) ) (d)2

. Let £:[0,1]—22° 5 [0,1] be a continuous function, then

f(x)=x holds for
(a) at least one x€[0,1]
(c) at least one xe€[—1,0]

. If f(x) = ’“’1 and g(x)Z%, then ( fog)(x) is
- .

(b) at least one x €1, 2]
(d) can’t be discussed

x
discontinuous at

(a) x=3 only (b) x=2 only
(¢c) x=2and 3 (d) x=1only
x? x? x?

. Lety (x)=x+ +...+
! (1+x?) (1+x%)? (1+x2)"

y(x)=lim y,(x), then y,(x),n=1,2,3, .., nand y(x)1is
n—seo

(a) continuous for xeR (b) continuous for xe R—{0}
(c) continuous for xe R—{1} (d) data unsufficient

and

8.

10.

11.

12.

13.

. Let f(x)=

1+a”* -x-loga—a*

2
a*-x

R for x <0

If g(x) =
2% -a* —xlog2—xloga—1

2
X

, forx>0

where a>0, then a for which g(x) is continuous, is

@-— () iz ©2 (d) -2

5 7
(Z —sin (1 -{x}? ))-sin_l(l —{x})
V2 ({x} = {x)

, x#0,

T . .
E, x =0, where {}is fractional part of x, then

=T
(@ f(07) ==

(b) £(07) = %

(c) f(x)is continuous at x=0
(d) None of the above
sgn (x)+x, —eo<x<0
Let f(x)=4-1+sin x,
CoS X, T/2<x<oo

points, where f(x) is not differentiable, is/are

() 0 (b)1

(c)2 (d)3
i, x[=1

Let f(x)= ‘x be continuous and
ax? +b, x‘ <1

differentiable for all x. Then, a and b are

13 1 3
=2 b) =, — >
(a) 22 (b) P
(c) 13 (d) None of these
22
2
If f(x)= A+Bx”, x<1, then A and B,
3Ax—B+2 x2>1
so that f(x)is differentiable at x =1, are
(a)-23 (b)2, -3
(©)2,3 (d) -2, -3
-1 -x),x#1
If f(x)= ‘x ‘([X] *)x , then
0, x=1
(@ f'a*)=0 (b) f@7)=0
(c) f/17)=-1 (d) f(x) is differentiable at x=1

0<x<m/2 , then the number of



14.

15.

16.

17.

18.

19.

20.

21.

x<1
, where [-]and {-} denote

IfJC(X):{2{X}—1 x>1

greatest integer and fractional part of x, then

[cos mx],

(@) f/17)=2 () fa*)y=2
(o) ff@7)=-2 @ fray=o
x—=3 x<0
If = ’ h =
f(x) {x2_3x+2’ xzo,teng(x) f(lx|)is
(a) g'(0") =3
(b) g’(07)=-3

(c) g'(0")=g’(07)
(d) g(x)is not continuous at x = 0

{x + 1}[sin nx], 0<x<1
If f(x) = \
[2x]sgn(x - 3),

denote greatest integer and fractional part of
x respectively, then the number of points of
non-differentiability, is

(2) 3 (b) 4 ©5 @6

Let f be differentiable function satisfying
f(J = f(x)— f(y)forall x,y>0.If f'(1) =1,
Y

then f(x)is

, where [-]and {-}
1<x<2

(a)2log,x  (b)3log.x  (c)log,x (d) %loge X

Let f(x +y)= f(x)+ f(y) —2xy — 1for all x and y. If
f7(0) exists and f’(0) = —sina, then f{f’(0)}is

(a) -1 (b) 0

(o)1 (d) 2

A derivable function f : R" — Rsatisfies the condition

flx)- f(y)= log(x) +x-y,VxyeR".
y
If g denotes the derivative of f, then the value of the
100 1)
sum 2 is
nglg(n
(a) 5050 (b) 5510

If @ =e " f(x)+e” f(—x), then f(x)is, (given
x

(c) 5150 (d) 1550

F(0)=0)

(a) an even function

(b) an odd function

(c) neither even nor odd function
(d) can’t say

Let f:(0, o) — R be a continuous function such that

feo=]"t fyat.

22.

23.

24,

25.

26.

12
Iff(xz)z x* +x°, then Zf(rz)is equal to

r=1

(a) 216 (b) 219
(c) 222 (d) 225
1 oifx=?
For x>0 leth(x)=14’ if x = q , where

0, if xis irrational

p and g > 0 are relatively prime integers, then which one

of the following does not hold good?

(a) h(x) is discontinuous for all x in (0, )

(b) h(x) is continuous for each irrational in (0, o)
(c) h(x) is discontinuous for each rational in (0, o)
(d) h(x) is not derivable for all x in (0, o)

g(x)

Let f(x)= m, where g and h are continuous functions
x

on the open interval (g, b). Which of the following
statements is true for a < x < b?

(a) f is continuous at all x for which x # 0

(b) f is continuous at all x for which g (x) =0

(c) f is continuous at all x for which g(x) # 0

(d) f is continuous at all x for which A(x) # 0

2cos x —sin 2x e Y -1
If f(x)=————",g(x)=———"and
/) (1 —2x)* 8x) 8x — 47
h(x) = f(x), forx<71:/2’

g(x), forx>m/2

then which of the following holds?

(a) his continuous at x = 1/2

(b) h has an irremovable discontinuity at x = /2
(c) h has a removable discontinuity at x = /2

NG

_x—e’ +cos2x

If f(x) ; , x #01is continuous at x =0,
x

then

@ f(0) = (b) [f(0)] = -2

(0 {f(0)} == 05 (d) [£(0)]-{f(0)} =-15

where, [x]and {x} denote the greatest integer and
fractional part function.

x{x}+1, ifo<x<1
2-{x}, if1<x<2’
where {x} denotes the fractional part function. Which

one of the following statements is not correct?
(a) lim f(x) exists
x—1

(b) f(0) # £ (2)
(c) f(x)is continuous in [0, 2]
(d) Rolle’s theorem is not applicable to f(x)in [0, 2]

Consider the function f(x) = {



27.

28.

29.

30.

31.

32,

2" +2°7" -6
-X 1-x
Let f(x)=| V& ~2
x"—4
X —43x -2
(a) f(2) =8 = f is continuous at x =2
(b) f(2) =16 = f is continuous at x =2
(c) f(27) # f(2*)= f is discontinuous

(d) f has a removable discontinuity at x =2

Jif x>2
, then
, ifx<2

Let [x] denotes the integral part of g(x) = x —[x],x€ R
Let f(x)be any continuous function with f(0) = f(1),
then the function h(x) = f(g(x))

(a) has finitely many discontinuities

(b) is discontinuous at some x = ¢

(c) is continuous on R

(d) is a constant function

Let f be a differentiable function on the open interval
(a, b).

I. f is continuous on the closed interval [, b].

II. f is bounded on the open interval (a, b).

II. fa<a; <b;, <band f (a;) <0< f (b), then there
exists a number ¢ such that a; <c < b, and f(c) =0.
Which of the above statements must be true?

(a)Tand I

(b) T and III

(c) IT and IIT

(d) Only II

Number of points, where the function
f(x)=(x*=1)|x* —x — 2] +sin (| x|) is not
differentiable, is

(@) 0 (b) 1

(©) 2 @ 3

Consider function f: R—{-1,1} > R f(x)= N x| 5
—|x

Then, which of the statements is incorrect?
(a) It is continuous at the origin

(b) It is not derivable at the origin

(c) The range of the function is R

(d) f is continuous and derivable in its domain

If the functions f : R— Rand g : R— Rare such that

f(x)1is continuous at x = and f(a) = aand g(x)is

discontinuous at x = a but g( f(x))is continuous at x =,

where f(x)and g(x)are non-constant functions.

(a) x =ois aextremum of f(x)and x = a is an extremum of
8(x)

(b) x = oo may not be an extremum of f(x)and x =ais an
extremum of g(x)

(c) x =ouis an extremum of f(x)and x = a may not be an
extremum of g(x)

(d) None of the above

33.

34.

35.

36.

37.

38.

39.

The total number of points of non-differentiability of
f(x)=min |:|sin x],]| cos x|,éj in (0, 2m) is

(a) 8 (b) 9 () 10 d) 11

The function f(x)=[x]* — [x*], where [y]is the
greatest integer less than or equal to y, is discontinuous
at

(a) all integers

(b) all integers except 0 and 1

(c) all integers except 0

(d) all integers except 1

The function f(x)=(x? —1)| x* —6x + 5| + cos | ] is
not differentiable at
(a) -1 (b)o

(01 (d)>

-1
Let f(x)=1le*", if x#0
0, ifx=0

Then, f7(0) is equal to

(2) 0 (b) 1
()1 (d) doesn’t exist
Given f(x) = w for x € R— )
X
1
f({x}), forn<x<n+-=
f(1—{x}), forn+%£x<n+13nel
g(x)=
g, otherwise

{where {x} denotes then g(x)is

fractional part function,

(a) discontinuous at all integral values of x only
(b) continuous everywhere except for x =0

. . 1
(c) discontinuous at x =n + e n €I and at some x € [

(d) continuous everywhere

x+b x<0
cannot be made

The function g(x) =
cos x,x=0

differentiable at x =0,

(a) if b is equal to zero (b) if b is not equal to zero

(c) if b takes any real value (d) for no value of b

The graph of function f contains the point P (1, 2) and
Q(s, 7). The equation of the secant line through P and Q is

2 —
y= % x —1—s.The value of f’(1)is
s —
(a) 2 ()3
(c) 4 (d) non-existent



40.

41.

42.

43.

44.

45.

Consider

f(x)

. .3 . 3
sin x —sin” x)+|sin x —sin” x T
= A )+ | ,x #— for

Asin x —sin® x) — |sin x —sin > x|
x € (0, 1), f(m/2) =3 where [ ]denotes the greatest
integer function, then
(a) f is continuous and differentiable at x = /2
(b) f is continuous but not differentiable at x = 7w /2
(c) f is neither continuous nor differentiable at x =7 /2
(d) None of the above

If f(x+y)= f(x)+ f(y)+]| x|y + xy*,V x, y€ Rand
f7(0) =0, then

(a) f need not be differentiable at every non-zero x

(b) f is differentiable for all x € R

(c) f is twice differentiable at x =0

(d) None of the above

Let f(x)=max{|x* —2|x|l,|x|}and

g(x)=min{|x* —2|x||,| x|}, then

(a) both f(x)and g(x) are non-differentiable at 5 points

(b) f(x)is not differentiable at 5 points whether g(x) is
non-differentiable at 7 points

(c) number of points of non-differentiability for f(x)and g(x)
are 7 and 5 points, respectively

(d) both f(x)and g(x) are non-differentiable at 3 and 5 points,

respectively

2 f—
Let g(x) = {33( Wx+1, forx< 1. If g(x)is the

ax + b, forx>1

continuous and differentiable for all numbers in its
domain, then
(aa=b=14
(c)a=4andb=-14

(bya=b=-4
(d)a=-4andb=14

Let f(x)be continuous and differentiable function for all

reals and f(x +y) = f(x) = 3xy + f(y).
If lim % =7, then the value of "(x)is

h—0
(a) —3x (b) 7
(© =3x+7 ) 2f(x)+7
Let [x] be the greatest integer function and
.1
sin — 7[x]
f(x)= # Then, which one of the following does
x
not hold good?

46.

47.

48.

49.

50.

(a) Not continuous at any point
(b) Continuous at 3/2

(c) Discontinuous at 2

(d) Differentiable at 4/3

If f(x) ={b([x]2 +[x])+ 1, for x>-1

, where [x]
sin (1(x + a)),

for x < -1

denotes the integral part of x, then for what values of a, b
the function is continuous at x = —1?
(a)a=2n+(3/2;beRnel

(bya=4n+2,beRnel

(c)a=4n+(3/2);beR+;n€I

(da=4n+1,beR;nel

If both f(x)and g(x) are differentiable functions at
X = x,, then the function defined as,

h(x) = max{f(x), g(x)}

(a) is always differentiable at x = x,

(b) is never differentiable at x = x;

(c) is differentiable at x = x, when f(x,) # g(x,)

(d) cannot be differentiable at x = x, if f(xy) = g(x,)

Number of points of non-differentiability of the function
g(x) = [x*Jcos? 4x}+{x*}[cos? 4x]+x*sin® 4x
+[x%][cos? 4x]+{x*}{cos? 4x}in (=50, 50),

where [-]and {-} are greatest integer function and
fractional part of x, is equal to

(a) 98
(b) 99
(c) 100
() 0
I f(x) = U8 o beriodic function with period -
= periodic function with period —,
{x}g(x) 4

where g(x)is a differentiable function, then (where {-}
denotes fractional part of x).

(a) g’(x) has exactly three roots in (i, %)

(b) g(x) =0at x =§, wherek € 1

(c) g(x) must be non-zero function
(d) g(x) must be periodic function
" fm _f)

y) f
all x, f(2) = 4. Then, f(5)is
()3 (b)5
(c) 25 (d) None of these

for all x,ye R y #0and f’(x)exists for



51.

52,

53.

54,

Continuity and Differentiability Exercise 2 :
More than One Option Correct Type Questions

. . x
Indicate the correct alternative, if f(x) = E —1, then on

the interval [0, 7],

1
(a) tan(f(x)) and I

are both continuous

(b) tan(f(x)) and f(lx)

are both discontinuous

(c) tan(f(x)) and f~*(x) are both continuous

(d) tan( f(x)) is continuous but is not continuous

flx

On the interval I =[-2, 2], if the function
_ (L . J

f(x)={(x+1)e ‘"I */ x#0then which of the
0, x=0

following hold good?

(a) f(x)is continuous for all values of x € T

(b) f(x)is continuous for x € I — {0}

(c) f(x)assumes all intermediate values from f(-2) to f(2)
(d) f(x) has a maximum value equal to 3/e

R =

3—| cot™ zx’ =3 for x>0
If f(x)= X2 ’ , where {x} and
{x%} cos(e"™), for x <0

[x]denote fractional part and the greatest integer
function respectively, then which of the following
statements does not hold good?

(a) f(07)=0

(b) f(0") =0

(c) f(0) = 0 = Continuous at x =0
(d) Irremovable discontinuity at x = 0

Iff(X)={

b([x]* +[x])+1,for x>—1

, where [x]
sin(m (x + a)),

forx<-—1

denotes the integral part of x, then for what values of a
and b, the function is continuous at x = — 1?

3
(a)a:2n+5;b€R,neI
(b)a=4n+2;beRnel

3
(c)a:4n+5;b€R+,neI

(da=4n+1,beR  nel

55.

56.

57.

58.

59.

Let [x] be the greatest integer function, then

1
sin — 1t [x]
4

f(x)=TiS

3
(a) not continuous at any point (b) continuous at x = 5

(c) discontinuous at x =2 (d) differentiable at x =§

SN 1
(sin”" x)“ cos (x)’ x;ﬁO, then f(x)is

0, x=0

If f(x) =

(a) continuous nowhere in -1 < x <1
(b) continuous everywherein—1<x <1
(c) differentiable nowhere in —1 < x <1

(d) differentiable everywhere in -1 < x <1

Let f(x)=cos x and
min (f(¢):05t<x), for0<x<m/2
H(x) = E—x, forE<xS3 ’
2 2

(a) H(x) is continuous and derivable in [0, 3]

then

(b) H(x) is continuous but not derivable at x = g

(c) H(x) is neither continuous nor derivable at x = g
(d) maximum value of H(x) in [0, 3]is 1

If f(x)=3(2x +3)”° + 2x +3, then

(a) f(x)is continuous but not differentiable at x = — g

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

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

(d) f(x)is differentiable but not continuous at x = — g

x-In (cos x)

In(1+x%)
0, x=0

x#0
, then

If f(x) =

(a) f is continuous at x = 0

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

(d) f is not continuous at x =0



60.

61.

62.

63.

64.

65.

Let [x] denotes the greatest integer less than or
equal to x. If f(x) =[x sin 7x], then f(x)is

(a) continuous at x =0

(b) continuous in (- 1, 0)

(c) differentiable at x =1

(d) differentiable in (- 1, 1)

The function f(x)={[|x|]—|[x]|, where [x] denotes

greatest integer function
(a) is continuous for all positive integers
(b) is discontinuous for all non-positive integers

(c) has finite number of elements in its range

(d) is such that its graph does not lie above the X-axis

The function f(x)=4/1—+/1— x?

(a) has its domain —1 < x <1
(b) has finite one sided derivates at the point x = 0
(c) is continuous and differentiable at x = 0
(d) is continuous but not differentiable at x = 0
Consider the function f(x)=|x> +1|. Then,
(a) domain of f (x) € R
(b) range of fis R*
(c) f has no inverse
(d) f is continuous and differentiable for every x € R
f is a continuous function in [q, b], g is a continuous
function in [b, ¢]. A function h(x)is defined as
x) for x€[a, b
h(x)= f ! ) If f(b) = g(b), then
g(x) for x e (b, c]

(a) h(x) has a removable discontinuity at x = b

(b) h(x) may or may not be continuous in [a, c]

(©) h(b™) = g(b")and h(b™) = f(b7)

(d) h(b") = g(b")and h(b™) = f(b")

Which of the following function(s) has/have the same
range?

1
(a) f(x) —m

(b) f(x) =

1+ x°
1
1++/x

1

Bz

(0) fx) =

(d) f(x) =

66.

67.

68.

69.

70.

71.

72,

If f(x)=sec2x + cosec 2x, then f(x)is discontinuous at

all points in

(a) {nmt, n € N}

(c){%, ne I}

™ s i x#0
Let f(x) = X sm(xzj,
0, x=0

(b) {(Zn + l)%,n c 1}

) {(Zn + 1)§,n el}

,(ne€I), then

(a) lim f (x) exists for everyn>1
x—0

(b) f is continuous at x =0 forn >1
(c) f is differentiable at x = 0 for every n >1
(d) None of the above

* <0
A function is defined as f(x) = € , then f(x)is
|x - ]‘ , x>0

(b) continuous at x =1
(d) differentiable at x =1

(a) continuous at x = 0
(c) differentiable at x = 0

Let f(x)= L’; |t +1| dt, then

(a) f(x)is continuous in [—1, 1]

(b) f(x)is differentiable in [-1, 1]

(c) f’(x) is continuous in [- 1, 1]

(d) f"(x) is differentiable in [- 1, 1]

A function f(x) satisfies the relation
fx+y)=f(x)+ f(y)+xy(x+y),V x,ye RIf
f7(0)=—1, then

(a) f(x)is a polynomial function

(b) f(x)is an exponential function

(c) f(x)is twice differentiable for all x € R

(d) f3) =8

2 -1,-1<x<2
If f(x) = 3x° +12x -1 then
37 — x, 2<x<3
(a) f(x)is increasing on [— 1, 2]
(b) f(x)is continuous on [—1, 3]
(c) f'(2) doesn’t exist

(d) f(x)has the maximum value at x =2

If f(x)=0for x <0and f(x)is differentiable at x =0,

then for x >0, f(x) may be

(a) x* (b) x (c)—x (d) — x*?



Continuity and Differentiability Exercise 3 :

Statements | and Il Type Questions

= Directions (Q. Nos. 73 to 82) For the following
questions, choose the correct answer from the codes (a),
(b), (c) and (d) defined as follows :

73.

74

75.

76.

(a) Statement I is correct, Statement II is also correct;
Statement II is the correct explanation of Statement I

(b) Statement I is correct, Statement II is also correct;
Statement II is not the correct explanation of Statement I

(c) Statement I is correct, Statement II is incorrect

(d) Statement I is incorrect, Statement II is correct
Statement I f(x)=sin x + [x] is discontinuous at x =0.

Statement II If g(x)is continuous and f(x)is
discontinuous, then g(x) + f(x) will necessarily be
discontinuous at x = a.

2sin(a cos ™! x), if x€(0,1)
Consider f(x)= V3, if x=0
ax + b, if x<0

2
Statement I If b=+/3 and a = =, then f(x)is continuous
o 3
in (—oo, 1).
Statement II If a function is defined on an interval I and

limit exists at every point of interval I then function is
continuous in I

2
cosx —e”* 2
Let f(x) = P )
0, x =0, then

x#0

Statement I f(x)is continuous at x =0.

—xz/Z
cosx —e
Statement Il m —MMM=——

x =0 x3 12

3
2
Statement I The equation xj —sin 7Tx + 3 =0has

atleast one solution in [— 2, 2]

Statement II Let f :[a, b] — Rbe a function and c be a
number such that f(a) < ¢ < f(b), then there is at least
one number n € (a, b) such that f(n) =c.

77.

78.

79.

81.

82,

2x —2x
e’ —e
Statement I Range of f(x)=x [HJ +x? +x*
is not R e te

Statement II Range of a continuous even function
cannot be R.

Let h(x) = fi(x) + fa(x) + f3(x)+ ... + f,(x), where
f1(x), fo(x), f3(x),..., f,(x) are real valued functions
of x.

Statement I f(x)=|cos|x||+cos™" (sgn x)+|In x| is
not differentiable at 3 points in (0, 2m).

Statement II Exactly one function, isf;(x),i=12,...,n
is not differentiable and the rest of the function is

differentiable at x = a makes h(x) not differentiable at
x=a

Statement I f(x)=|x|sin x is differentiable at x = 0.

Statement II If g(x)is not differentiable at x = a and
h(x)is differentiable at x = g, then g(x)-h(x) cannot be
differentiable at x = a.

. . T
. Statement I f(x)=|cos x|is not derivable at x = —.
2

Statement II If g(x)is differentiable at x =a

and g(a) =0, then | g (x)| is non-derivable at x = a.
Let f(x)=x - x* and g(x)={x},V x€ R,

where {} denotes fractional part function.
Statement I f(g(x))will be continuous, V x € R
Statement II f (0) = f (1) and g (x) is periodic with
period 1.
Let f(x)= {

2

—ax“ =b|x|—¢c,—A=x<0
) | ] ,wherea, b, c

ax“ +b|x|[+c, 0=x=<a

are positive and o0 > 0, then

Statement I The equation f(x) =0 has at least one real

root for x € [- o, ot ]

Statement II Values of f (— o) and f (o) are opposite
in sign.



Continuity and Differentiability Exercise 4 :

Passage Based Questions

Passage I (Q. Nos. 83 to 85)

A man leaves his home early in the morning to have a walk. He
arrives at a junction of roads A and B as shown in figure. He takes
the following steps in later journies :

N
Road B

S

Road A
?
Home
(i) 1 km in North direction.
(ii) Changes direction and moves in North-East direction for

22 km.

(iii) Changes direction and moves Southwards for distance of
2 km.
(iv) Finally, he changes the direction and moves in
South-East direction to reach road A again.
Visible/invisible path The path traced by the man in the
direction parallel to road A and road B is called invisible path, the
remaining path is called visible.
Visible points The point about which the man changes direction
are called visible points, except the point from where he changes
direction last time.
Now, if roads A and B are taken as X -axis and Y-axis, then visible
point representing the graph of y = f(x).

83 The value of x at which the function is discontinuous, is

(a) 2 (b) 0 ©1 @3

84. The value of x for which fofis discontinuous, is
(2) 0 M) 1 (©) 2 @3

85. If f(x)is periodic with period 3, then f(19)is
(a) 2 (b) 3
(c) 19 (d) None of these

Passage II (Q. Nos. 86 to 89)

Let f be a function that is differentiable everywhere and that has
the following properties :
@) f(x)>0 (i) f7(0)=-1

(iti) f(=x)= f(l ) and f(x +h) = f(x)- f(h)

X

A standard result is f (x)dx = log| f(x)| +C.
f(x)

86. Range of f(x)is

(A R
(c) R*

(b) R — {0}
(d) (0, ¢)

87. The range of the function A = f(| x| ) is

(a) [0, 1] (b) [0, 1)
(c)(0,1] (d) None of these

88. The function y = f(x)is
(a) odd

(c) increasing

(b) even
(d) decreasing

89. If h(x) = f’(x), then h(x)is given by

@-fx) b—  (©fx)

d f(x)
£x) (@

Passage III (Q. Nos. 90 to 92)
Lety = f (x) be defined in[a, b], then
(i) Test of continuity atx =c,a<c <b

(ii) Test of continuity at x = a

(iii) Test of continuity atx = b
Casel Test of continuity at x =c,a<c<b
Ify = f(x) be defined at x = ¢ and its value f(c) be equal to
limit of f(x)asx —c,ie. f(c)= lim f(x)

X —cC

or lim f(x) = f(c)= lim f(x)
x—>c x—ch

or LHL = f(c) =RHL

Then, y = f(x) is continuous at x = c.

Casell Test of continuity at x =a

If RHL = f(a)
Then, f(x) is said to be continuous at the end point x = a.
Caselll Test of continuity at x = b, if LHL = f(b)
Then, f(x) is continuous at right end x = b.
sin x , x<0

tan x, 0< x <27

90. If f(x) = , then f(x)is discontinuous
COS X,2M < x <37
3T, x=3m
at
@22 on o " 3n
2 2 2 2
(c) g, 27 (d) None of these

91. Number of points of discontinuity of [2x> — 5]in [1, 2) is

(where [ -] denotes the greatest integral function)

() 14 (b) 13
(c) 10 (d) None of these
92. Max ([x],| x|) is discontinuous at
(a)x=0
(b) o

(c)x=nmnel
(d) None of the above
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93.

94.

95.
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Passage IV (Q. Nos. 93 to 95)

f(x)=cos x and H;(x)=min {f(t),0<t < x};

n T T
0Sx<—=——-x;—<x=<Tm
2 2 2

f(x)=cosx and H, (x) = max{f(t),0<t < x}

n T T
0SxL—=——-x;—<x<Tm
2 2 2

g(x)=sin x and Hs (x) = min{g(¢),0 <t < x};

T T T
0<x<—=——x; —<x=<T
2 2 2

g(x)=sin x and H, (x) = max{g(t),0<t < x};

Y Y T
0SxL—=——-x;—<x<T
2 2 2

Which of the following is true for H, (x)?

(a) Continuous and derivable in [0, 7]

T
(b) Continuous but not derivable at x = 5

I
(c) Neither continuous nor derivable at x = 5

(d) None of the above
Which of the following is true for Hs (x)?

(a) Continuous and derivable in [0, 7]

m
(b) Continuous but not derivable at x = 5

. . . m
(c) Neither continuous nor derivable at x = 5

(d) None of the above
Which of the following is true for H4 (x)?

(a) Continuous and derivable in [0, 7]

T
(b) Continuous but not derivable at x = 5

. . . i
(c) Neither continuous nor derivable at x = 5

(d) None of the above

Passage V (Q. Nos. 96 to 99)
Let f(x) be a real valued function not identically zero, which
satisfied the following conditions
L f(x+y*™") = f(x)+(f(y)**",ne N, x, y are any real
numbers.
1L £/(0)>0
96. The value of f(1)is
(a) 0 (b) 1
(c)2 (d) Not defined
97. The value of f(x)is
(a) 2x (b) x*+ x+1
(c) x (d) None of these
98. The value of f’(10)is
(a) 10 (b) 0 ©2n+1 ()1
99. The function f(x)is
(a) odd
(b) even

(c) neither even nor odd
(d) both even as well as odd

Passage VI (Q. Nos. 100 to 101)

If f:R— (0, o0) is a differentiable function f(x) satisfying
fx+9)=fx=»)=f(x){f(W)-f(=»hLV x,yeR

(f(y)# f(=y) forallye R) and f’(0) =2010. Now, answer the
following questions

100. Which of the following is true for f(x)?

(a) f(x)is one-one and into

(b) {f(x)}is non-periodic, where {-} denotes fractional part of x
(c) f(x)=4has only two solutions

(d) f(x) = f’(x)has only one solution

101. The value of f(x) is
flx

(a) 2016 (b) 2014 (c) 2012 (d) 2010




Continuity and Differentiability Exercise 5:

Matching Type Questions

102. Match the column.

Column I

Column II

sinfx};  x<1
& , where {}
cosx+ a;, x=>1

A If flx)= {
denotes the fractional part function, such
that f'(x) is continuous at x = 1. If

a .
|[K|=———o — then K is

V2 sin Q

® 1

(B) Ifthe function f(x) = I—Lsz(smx) is
X

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

@ 0

2 0
. o then the values of x

© Iffx)= {

1-x,

at which f(x) is continuous, is

(D) If f(x) =x+ {~x} + [x], where[x] and {x}
represent greatest integer and fractional part
of x, then the values of x at which f(x) is
discontinuous, is

(s)

—

[\S)

103. Match the column.

Column I

Column IT

(A) Number of points where the function
X
1+ {cos7} l<x<2

1-§}, O0<x<landf(l)=
[sinmx|, -1<x<0

f) =

P O

0

is continuous but non-differentiable, where [ - ]

denotes greatest integer function and {}
denotes fractional part of x, is

2 1/x

If fx)y={"° >~
(B) If f(x) {0

il

*#0 then £(07)is
x=0

(C) The number of points at which
S =

—— isnot differentiable,
1+ 2/ f(x)

where f(x) = | , 18

+1/x

(D) Number of points where tangent does not
exist for the curve y = sgn(x* — 1), is

(s) 3

104. Match the column.

Column I

Column II

(A) The number of values of xin (0, 27), (p)

where the function
tanx + cotx tanx — cotx|.
S = - s

2 2
continuous but not differentiable, is

2

®)

The number of points where the (@) 0
function

F) =min {1, 1+ x°, x> - 3x + 3}is
non-derivable, is

©

The number of points where (r) 4
f(x) = (x + 4)"? is non-differentiable,

1S

(D)

Consider (s) 1
—nlog(g)+ﬁ, 0<x<®
f(x) = 2 n 2 2
: 1, b 3n
sin” (sinx), —<x<—
2 2

Number of points in (0, %t} where

f(x) is non-differentiable, is

105. Match the entries of the following two columns.

Column I Column II

(&)

x+ 1, 1fx<061t ®)
if x>0

continuous

f(X)={

x=0is

cosXx,

(B)

For every x € R, the function ()
sin(t[x — 1])
1+ [x]?
denotes the greatest integer

function, is

differentiability

gx) = , where [ x]

©

discontinuous

h(x) =\ 40, where {} ®
denotes fractional part
function for all x € 1, is

(D)

1
k()= 1™, if x# lat (s)

e, ifx=1

non-derivable

x=1is

106. Match the entries of the following two columns.

Column I Column II
(A)  lim (e“x4 MR 1))is ) e
X —> oo
B Fora > 0, let
® S @ @
a +a 2 x>0
fo= "2 > "N
3In(@-x)—2, ifx<0
If f is continuous at x = 0, then a equals
(C) LetL= lim YT and (r) non-
xoa x—aq existent
M= 1lim * =% (a>0).

xX—a x—a

If L = 2 M, then the value of a is equal to




Continuity and Differentiability Exercise 6 :
Single Integer Answer Type Questions

107. Number of points of discontinuity of
f(x)=tan® x—sec® xin (0,2m)is ......... .

108. Number of point(s) of discontinuity of the function
f(x)= [x"*], x >0, (where [ ] denotes the greatest
integral function) is ......... .

109. Let f(x)= x + cos x +2and g(x) be the inverse

function of f(x), then g’ (3) equals to ......... i

110. Let f(x)=xtan ' (x?)+ x*.Let f*(x) denotes kth
derivative of f(x) w.r.t.x,k € N.

If £°™ (0)#0, me N, then mequals to ......... .

111.
where F(x)= f; (x)+ f, (x)and
G(x)=f1(x) = f2(x),V xR f(0)=2
and f,(0)=1If f{ (x)= f, (x)and
fo(x)=f1(x),V x € R then the number of

_ 9x*

solutions of the equation (F(x))* = T .
G(x)

112. Suppose the function f(x)— f(2x) has the derivative

5 at x =1 and derivative 7 at x = 2. The derivative of
the function f(x)— f(4x)—10x at x = 1is equal to

113. In a AABC, angles A, B, C are in AP.

A/3—4sin AsinC
, then f’

|A=C]

If f(x)= Ahinc (x)is equal

to ......... .

Let f; (x)and f, (x)be twice differentiable functions,

114.

115.

116.

117.

X
Letf(x)= 3 1/x+ 3 -1/x
30

IfP=f"(0")—f'(0"), then

[x+1]
4 _
lim (exp((x +2)log4)) 16
4% —16

4 is ... .

x—P-

(where [x] denotes greatest integer function.)
Let f(x)=-x>+x*—x+1and
min(f(#)),0<t<xand 0< x <1
g(x)=
x—1, 1<x<2

Then, the value of lim g(g(x))is...... .
x—1

The number of points at which the function
f(x)=(x—|x|)* (1 - x +|x|)? is not differentiable in the
interval (-3, 4)is ...... .

g—sin_l(l—{x}z )sin (1 - {x})
Va({x} - {x}?)

If f(x)= k, x=0

Asin'(1-{x})cos ' (1-{x})

V2 {x}(1-{x})

, x>0

x <0

V2

. . . Am
is continuous at x = 0, then the value of sin® k + cosz(),

is...... (where {-} denotes fractional part of x).

Continuity and Differentiability Exercise 7 :

Subjective Type Questions

118. Discuss the continuity of the function
f(x)=[[x]]-[x —1], where [ ] denotes the greatest
integral function.

119. Examine the continuity or discontinuity of the
following :

(@) f(x) = [x]+ [- x]

x -1

(ii) g (x) = lim

noeo x 2 41

120.

Examine the continuity and differentiability at points x =1

and x =2.

The function f defined by
x[x], 0<x<2

f(x)={(x—l) [x], 2<x<3

integral function less than or equal to x).

(where [ -] denotes the greatest



121. Let f be twice differentiable function, such that 123. A function f: R — R where Ris a set of real numbers,

f7(x)=- f(x)and f'(x)= g(x), satisfying the equation f (x -3'— y): flo)+ féy) +f0)
h(x) = 2+ 2. Find h(10), if h(5) =11.
(x)=[fGOT +[g()1". Find (10} if h(5) for all x, y in R If the function is differentiable at x =0,
122. A function f : R — Rsatisfies the equation then show that it is differentiable for all x in R.
f(.x +) =f(x)f(y) for all xy in Rand f(x)#0forany 124 1et f(x+7y)= f(x)+ f(y) +2xy —1for all real x, y and
x in R Let the functlor} be differentiable at x =0and f(x) be differentiable functions. If £”(0) = cos ¢, then
f7(0) = 2. Show that f(x)=2 f (x)for all x in R Hence, prove that f(x)>0, V x€ R
determine f(x).
Continuity and Differentiability Exercise 8 :
. . . )
Questions Asked in Previous 10 Years' Exams
(i) JEE Advanced & IIT-JEE
125. For every pair of continuous function f, g : [0,1] — R (¢) @y = byiy =1 (d)a, -, —b,=-1
such that max {f(x): x € [0,1]} = max {g(x): x € [0,1]}. The ~ 129. Let f : R — Rbe a function such that
correct statement(s) is/are f(x +y)= f(x)+ f(y). Vx,y € R If f(x)is differentiable
[More than One Correct Option, 2014] at x =0, then [More than One Correct Option, 2011]

2 _ 2
(@) [f)]" +3f(c) =[g(c)]” +3g(c) for some c €[0,1] (a) f(x) is differentiable only in a finite interval containing zero

(b) [f(©)]* + flc) = [g(c)]* +3g(c) for some ¢ € [0,1] (b) f(x)is continuous for all x € R
(©) [f(c)]2 +3f(c) = [g(c)]2 + g(c) for some ¢ € [0,1] (c) f’(x)is constant for all x € R
d) f(x)is differentiable except at finitely many points
d P * fi 0,1 (
(d) [f(c)] =[g(c)] for some c €[0,1] I
126. Let f:R — Rand g: R — Rbe respectively given by 9’ T
f(x)=| x|+1and g(x) = x* +1. Define h: R — Rby 130. If f(x)={—cosx, - g < x £0, then
h(x)={max{f(x),g(x)}, ifoO' x—1, 0<x<1
min{f(x), g(x)}, if x>0 In x, x>1
The number of points at which h(x) is not differentiable [More than One Correct Option, 2011]
is [Integer Answer Type, 2014] (a) f(x)is continuous at x = T
2
x? | cos n ,Xx#20x€R, (b) f(x)1is not differentiable at x = 0
127. Let f(x)= X (c) f(x)is differentiable at x =1
0, x=0,then f is (d) f(x)is differentiable at x = — 3
[One Correct Option, 2012] 12
(a) differentiable both at x = 0 and at x =2 131. For the function f(x)=xcos—, x =1,
x

(b) differentiable at x = 0 but not differentiable at x =2
(c) not differentiable at x = 0 but differentiable at x =2
(d) differentiable neither at x = 0 nor at x =2

[More than One Correct Option, 2009]
(a) for at least one x in the interval [1, ), f(x+2)— f(x) <2

(b) lim f’(x)=1

(c) for all x in the interval [1, ), f(x+2)— f(x)>2
(d) f“(x)is strictly decreasing in the interval [1, o)

128. For every integer n, let a, and b, be real numbers. Let
function f : R — Rbe given by

Fx) a, +sin mx, for x € [2n,2n +1] (x—1)"
x)= s — .
b, +cos mx, for x€(2n—1,2n) 132. Let g(x)= logcosm(x_l),0<x<2, mand n are
for all integers n. integers, m #0, n >0 and let p be the left hand
If f is continuous, then which of the following hold(s) derivative of | x —1| at x =1.If lim g(x)= p,then
foralln? [More than One Correct Option, 2012] xo1* _
@a —b =0 (b)a, b =1 [One Correct Option, 2008]

(@n=1,m=1 (byn=1,m=-1



133.

134.

135.

(c)n=2,m=2 (dn>2,m=n

Let f and g be real valued functions defined on interval

(=1, 1) such that g” (x) is continuous, g(0) #0, g’ (0) =0,

g”(0)#0and f(x)= g(x)sin x .

Statement I lim [g(x) cos x — g(0)] cosec x = f”(0).
x—0

Statement II f’(0) = g(0).
For the above question, choose the correct answer from
the codes (a), (b), (c) and (d) defined as follows.
[Assertion and Reason, 2008]
(a) Statement I is true, Statement II is also true; Statement II
is the correct explanation of Statement I

(b) Statement I is true, Statement II is also true; Statement II
is not the correct explanation of Statement I

(c) Statement I is true; Statement II is false
(d) Statement I is false; Statement II is true

In the following, [x] denotes the greatest integer less
than or equal to x. [Matching type Question, 2007]

Column | Column Il
A. x| x| p.  continuousin (-1, 1)
B. | x| q. differentiable in (-1, 1)
C. X+ [x] r. strictly increasing in (-1, 1)
D. [x=1]+|x+ 1| s. not differentiable atleast at

one pointin (-1, 1)

If f(x)=min {1, x*, x°}, then
[More than One Correct, 2006 ]
(a) f(x)is continuous everywhere
(b) f(x)is continuous and differentiable everywhere
(c) f(x)1is not differentiable at two points

(ii) JEE Main & AIEEE

141.

142.

For x € R, f(x)=|log2—sin x|and g(x)= f(f(x)), then
(a) g is not differentiable at x = 0 [2016, JEE Main]
(b) g(0) = cos (log 2)
(c) g°(0) = = cos (log 2)
(d) g is differentiable at x = 0 and g’(0) = — sin (log 2)

x+1, 0sx<3,

is

mx+2 3<x<5
differentiable, then the value of k + m is [2015, JEE Main]

16
(a)2 (b) o

If the function g(x) = {k

10
() 3 (d) 4

136.

137.

138.

139.

140.

143.

(d) f(x)is not differentiable at one point
Let f(x)=||x|—1], then points where, f(x)1is not

differentiable is/are [One Correct Option, 2005]

(@) 0, %1 b)£1

(c)0 (d1

If fis a differentiable function satisfying f (1j =0,V
n

n>1ne€ I then

(a) f(x)=0,x€(0,1]
(b) £7(0) = 0= £(0)
(c) f(0) = 0but f’(0) not necessarily zero
DIfx)] =1, xe(0,1]

The domain of the derivative of the functions

[One Correct Option, 2005]

tan~' x, if|x|S1.
FOO= L0z, a1
2 [One Correct Option, 2002]
(a) R — {0} (b) R — {1}
(©R-{-1} (dR-{-11}

The left hand derivative of f (x)=[x]sin (7 x) at

x =k, k is an integer, is [One Correct Option, 2001]

@) k-1

OIS VARSI

(©) (1) km

(&) (-1 kn

Which of the following functions is differentiable
atx=07? [One Correct Option, 2001]

(a) cos (| x[) +| x| (b) cos (| x[) —| x|

()sin(| x[) + | x| (d)sin (| x[) —| x|

If f and g are differentiable functions in (0, 1) satisfying
f(0)=2= g(1), g(0) =0and f(1) =6, then for some
celo1] [2014, JEE Main]
@2f"(c)=g'c) (b) 2 fc) =3g"(c)

(¢) fe) = g%c) (d) fe) =2g7c)

144.1f f : R — Ris a function defined by

2x —

F(x)=[x] cos (

integer function, then fis

1
) 7, where [x] denotes the greatest

[2012 AIEEE]

(a) continuous for every real x

(b) discontinuous only at x =0

(c) discontinuous only at non-zero integral values of x
(d) continuous only at x =0



Answers

Chapter Exercises
1. (a) 2.(c) 3.(c) 4.(c) 5. (a) 6. (c)
7.(b)  8.(b) 9.(b)  10.(b) 1l.(a) 12.(c)

13.(a) 14.(b) 15. (a) 16. (c) 17.(c)  18.(c)
19.(c)  20.(b) 21. (b) 22.(b) 23.(d)  24.(b)
25.(d)  26.(c) 27.(c) 28.(¢) 29.(d)  30.(c)
31.(b) 32.(c) 33.(d) 34. (d) 35.(d) 36.(a)
37.(d) 38.(d) 39. (c) 40. (a) 41.(b)  42.(b)
43.(c) 44.(c) 45. (c) 46. (a) 47.(c)  48.(d)
49.(b)  50.(c) 51.(c,d) 52.(b,c,d) 53. (a,b,c) 54. (a,c)

55. (b,c,d)56. (b,d)  57.(a,d) 58.(a,b,c) 59.(a,c) 60.(a,b,c,d)

61.(a, b, c,d) 62.(a, b, d) 63. (a, c) 64.(ac)
65. (b, ¢) 66. (a, b, ¢) 67.(a, b, c)

68. (a, b) 69. (a, b, c,d) 70. (a, c, d)

71.(a, b, c, d) 72. (a,d) 73.(a)  74.(c)

75.(a)  76.(c) 77. (a) 78. (a) 79.(c)  80.(c)
81. (a) 82.(d) 83.(a) 84.(b,c) 85.(a)  86.(c)
87.(a) 88.(d) 89. (a) 90. (a) 91.(b) 92.(b)
93.(c) 94.(b) 95. (¢) 96. (b) 97.(c)  98.(d)
99.(a) 100.(b)  101.(d)

102. (A) = (p,1); (B) = (5); (C) = (8); (D) = (p,q,1)

103. (A) = (9): (B) = (p); (C) = (5); (D) = (p)

104. (A) = (1); (B) = (p); (C) = (s): (D) = (q)

105. (A) = (p, 8); (B) = (p, 9); (C) = (1, 5); (D) = (p, q)

106. (A) = (1); (B) = (p, 9); (C) = (p)

107.(2) 108.(1)  109.(1) 110. (2) 111.(2)
112.(9) 113.(0)  114.(2) 115.(1) 116.(0) 117.(2)

125. (a,d) 126.(3)  127.(b)  128. (b, d) 129. (b,c) 130. (a, b, c, d)
131. (b, ¢, d) 132.(c)  133.(b)

134. (A) = (p, g, 1); (B) = (p, 8); (C) = (1, 5); (D) = (p, @)

135. (a,d) 136. (a)  137.(b)  138.(d) 139.(a) 140. (d)
141.(b) 142.(a)  143.(d) 144.(a)



x+1
6. Here, f(x) =——, discontinuous at x=1

o
x—1
1 . .
g(x) = Py discontinuous at x=2
x—

flg(x)) = g(xi)-i—_l discontinuous at g(x)=1

sinﬂ, x<1 glx)-1
1. f(x) = 2 _ L
[x], =x=1 x-2
fW=1, f07)=lim[1+h]=1 = x=3
—0
. . h . (fog)(x) is discontinuous at x =2 and 3.
f(17)=lim sin—(1-h)=lim sin(———) = limcos—=1 1
h—0 2 h—0 2 2 h—0 2 x2|: > _1:|
. f(x)is continuous at x=1. (l-:—x) =(1+ xz){l _( 1 e }
ghogh—ohy1  (dh-1)@h-1) -1 T+x
2. )=l =li = 2
f(07) hlil}) P hl_l)r(l) 5 - 7. Here, y,(x) 1+ x
— (log 4)(log2) when x#0,n € N
£(07) = lim(e ™" sin(~h) + T(~h) + klog 4) = klog 4
h—0 0, when x=0,neN
Since, f(x) is continuous at x=0 . 1+ xz), x#0
= klog 4 = (log 4)(log2)= £(0). sy ()= nlgg_yn(x) 1o o
£(0) = (log 4)(log 2), when k=log2 ’ -
i . ¥ (x) is discontinuous at x=0.
3. f0) = lim a(l xsmx):—bcosx+5 — £(0) bt hlose
x50 x 8. g(07)=lim% —~—"°8¢
b) , h—0 h?
(a+b+5)+ —a—5 x“+... - )
. h
= lim =3 i 2 _1-
s 2 1+hloga+ 2!(loga) +} 1—hloga
b =lim=
= a+b+5=0and —a—5=3 h—0 K2
B 2 3 2
= a=-1,b=-4 — lig| Joga)” | (oga)” , | _(loga)
i 1/x h—0 2! 3! 2
. cx+dx . -
= f(0")= l1m{1+( > H exists. . 2hah—hlog2—hloga—1
x—0 x g(07)=lim
h—0 h?
= lim cx+dx3_0:>c_0 [ h?
ot x° 1+hlog(2a)+2'(log(Za))Z..}—hlogz—hloga—l
Now, lim (1+dx)"*= lim ((1+ dx)"¥)% =¢ =lim*~ : .
x—0" x—0" h—0 h
So, e’ =3 = d=log,3 _ (log(2a))*
a+b+c+d =log,3-5 ) .2 )
. Since, g(x) is continuous.
T n 4 (m 2 2
4 f [2} -ima| 3+t - 080 (0, iogy = Goga+loga
f{nz] =Flli§écosl{cot(g—hj} = }llilrécosfl{tanh} = g = loga = - %logz =log2™"*
-, Jump of discontinuit —(11:—1)—E =Ty = a= -
o p y s 5 J2
5. Consider g(x) = f(x)—x (g—sin_l(l—hz))sin_l(l—h)
=f(0)—0=f(0) > -~ 0< f(x)<1 9. f(0")=1li
8(0)=f(0)-0=£(0) 20 [ 0<f(x)=1] f(07) = lim NS
§(1)=£(1)-150 Lo
N 2(0)-g(1)<0 _ lim(COS (1—=h%))-sin" (1-h) _T
= g(x) = 0 has at least one root in [0, 1]. h=0 N2(1-h*)-h 2
= f(x) = x for at least one root in [0, 1].



10.

11.

12.

(E—sin‘l(l—(l—hz))) -sin”(1=(1=h))

o= J2((1=h)-(1-hy")

gsin_lh -
=lim —4——— =——
h—0 \2(1—h)2—h)h 42
—1+x,
f(x)=1-1+sinx, 0<x<m/2

COS X, M/2<x<oo

—oco<x<0

1, —oco<x<0
f(x)=1cosx, 0<x<m/2
—sinx, T/2<x<oco
f07)=1f(0")=1
= f(x) is differentiable at x=0
m

f’(zj =0, f/(m/2")=-1

= f(x) is not differentiable at x:g.

. Number of points of non-differentiability is 1.

1
-, x<-1
x
f(x)={ax®+b,-1<x<1
1
-, x2>1
x

Since, function is continuous everywhere.
LHL = RHL at x=-1
= f(=17) =1, f(-1")=a+b

= a+b=1

f(x) is differentiable at x = —1
1
— , x<—1
x

f(x)=42ax ,-1<x<1

! >1
- x
2

fi(=17)=1, f(-1")=-2a=-2a=1,a=-1/2
From Egs. (i) and (ii), we get

aol 3
2
f(17)=A+B, f0*)=3A-B+2
Since, continuous A+ B=3A—B+2
= 2A-2B=-2=A-B=-1
o 2Bx, x<1
F&) _{SA, x>1
fa7) =34, f'17)=28
= 3A=2B
On solving Egs. (i) and (ii), we get
A=2B=3

...(ii)

13.

14.

15.

16.

17.

) i LA R
f/(17) = lim ;

h—0
:hm\1+h—1 ([1+h]-(+h) _ 0 lim A=1=h) o
h—0 h h—0
) i LOR=IW _ RIO-R=0 =)
h—0 —h h—0 —h
— lim h(0-1+h)
T ho —h -
= fat)=o, f(17)=1

. f(x) is not differentiable at x=1.
£ = lim f(a-h)- f(1) - lim [cosm(1 —h)]+1
h—0 —h h—0 —h
. —1+1
= lim =
h—0 —h
S (R R0
h—0 h
~ lim l+h}-1+1
h—0 h

0

fa

fa)=o0fa")=2
_ x =3, x<0
f(x)_{x2—3x+2, x20
[x] -3,
[x]* =3|x|+2 |x|=0

| x| <0 not possible

f(IXI)={
X +3x+2 x<0
x2—3x+2, x>0

= g(x)={

= g(x)is continuous at x = 0.

) 2x+3, x<0
xX)=

J 2x—-3, x20
g'(0")=-3¢g(0")=3
0, 0<x<1/2

5/6, x=1/2
0, 1/2<x<1
-2, 1<x<4/3
f&) =1, x=4/3
2, 4/3<x<3/2
3, 3/2<x<2

4, x=2
Hence, f(x)is neither continuous nor differentiable at
1 43
x=-,1-,>,2.
2 32

.. Number of points is 5.
Put x =y =11in given rule

= fO=f1)-f1)=0

i JO B = F)

h—0 h h—0 h

f'(x)




18.

19.

20.

21.

[given, £'(1) = 1]
On integrating both sides, f(x) =logx + C
On putting x=1, wegetC=0 = f(x)=log,x
) = tim FE W = 1D
h—0 h
_ fiy L)+ f(B) —2xh —1 — f(x)

h—0 h

fix)= hlimo(—Zx + %) =-2x+ f(0)

On integrating both sides, we get

= fx)==x"+ f(0)x+c
= f(x)=-x*—(sina)x+c¢ [given f(0) = —sinac]
= fl0)=c=c=1
So, f{f'(0)} = f{-sina}=—sin’ o + sin® & + 1
=1

Iog(uj+x+h—x
x

Fx) = Tim LTEFR =S 5 )
h—0 h h—0 h
h
log(1+—j1 .
=lim—— > +1>>+1..(3)
h—0 n X X
X
x—h
log( )+x—h—x
P = Tim TEZW =S g X
h—0 —h h—0 —h
log(l—ﬁ) .
=lim—— > 41<—+1 (i)
h—0 -h x

.. From Egs. (i) and (ii), we get f'(x) = 1 +1=g(x)
x

» 2] ) )

=1+1)+2+1)+@B+1)+...+(100+1)
=(1+2+...+100) + 100
=5050 + 100 =5150

Here, ) =e "f(x)+e" f(-x)
dx
Let 20D _ ) where g(x) = ¢ fx) + ()

dx
g=x) =" f(=x)+ e " f(x) = g(x)
= g(x)is even function.
Hence, f(x) should be an odd function as f(0) = 0.
XZ
We have, f(x%) = _[0 tf(t)dt = x* + x° (1)

On differentiating both the sides w.r.t. x, we get
x*f(x?)-2x = 4x® +5x*

22.

23.

24.

25.

26.

..(ii)

= f(x2)=2+§x

g if(rz) =1§zl(2+gr)=24+§~(12)2ﬂ=24+195=219

r=1 r=1

Hence,

Y fr*) =219

r=1

2
Let x = 5, which is rational.

2 1
= h (7) =_
3 3
. 2 . .
lim h(f + tj =0 = Discontinuous at x € Q
t—0 3

x=~2¢0Q
h(x/2) = 0, consider +/2 = 1.4142135624

h(ﬁ)=h(l4l42135624)— 1

Let

10%° - 10%°
Hence, h is continuous for all irrational.

By theorem, if g and h are continuous functions on the open
interval (g, b), then g/h is also continuous at all x in the open
interval (a, b), where h(x) # 0.

2cosx —sin2x i

X < —
(1 - 2x)* 2

e s 1 B
X >—
2

h(x) =

8x —4m

LHL at x = /2
2sinh — sin2h .
5 = lim
4h

h—0
esmh -1

2sinh (1 - cosh) _

4h? 0

LHL = lim

h—0

RHL= lm ——M——
h—08((m/2) + h) — 4m

€™ 1 sinh 1

= lim . =—

h—o 8h sinh 8

= h(x) is discontinuous at x = /2.

Irremovable discontinuity at x = /2.

nt | 1
nt -
- A5
x—e* +1—(1—cos2x) __1

5
lim -2=-=
x—0 xZ 2 2

Hence, for continuity, f(0) = -

N = N

o LAO)] = =3 {f(O)} = {_g} _

Hence,

[£(0)]-{£(0)} = - g —_15

fah)=fa7)=fa)y=2
fo)=1,
f@) =1,

= f is not continuous at x = 2.

f@)=2



27.
28.

29.

30.

31.

32.

f@r) =8 f@)=16
8lx) =x = [x]={x}
f is continuous with f(0) = f (1) 4
h(x) = f (g(x)) = f ({x})

Let the graph of f is as shown in
the figure satisfying

f(0)= (1)
Now, 0
h(0) = f ({0}) = f(0) = f(1)

H02) = f ({02) = f(02)

h(15) = f ({1.5}) = f (05) etc.
Hence, the graph of h(x) will be a periodic graph as shown

-
=
o
£
-
=
=
J S

= his continuous in R.
Statements I and II are false. The function f(x)=1/x,0<x <1
is a counter example.

Statement III is true. Apply the intermediate value theorem to
f on the closed interval [a;, b ].

ai CA

b b

Since, the given function is not differentiable, at x = 0 and 2.

Hence, the number of points is 2.

x .
L if x>0, x#1

1-x
flx) =
,ifx<0,x#-1
1+x
I I
I I
I I
| 1 i
________ R SR AN S
I I
i i
X' | |
-1 0 i1 X
________ S/ A S
i -1 :/
I I
I I
I I
i Y i
—, if x>0x#1
and f’(x)= (1=x)
— if x<0,x#-1
1+ x)
gl f(x)]is continuous at x = o

= glf(o)]=g(a)
Also, lim g(f(x)) = gla)

33.

34.

35.

36.

37.

38.

= glfle)]=g[fla")]=g (@)
= g(x) takes same limiting values at
fla7), f(a")and f(o).
= f(a7) = f(o") = x = oL is an extremum of f(x)
and x = a may not be an extremum of g(x).
From the graph, number of points of non-differentiability = 11

Y
y=|cosx| y=]sinx|
y=1/4
Y Y Y Y 1\ ;
n 2n

@)

Let n be any integer other than 1.
lim fx)=lim ([rn - ] L=ln -1
- —0

=(n-1*-m*-1)=2-2n
lim+ f(x)=}}imo [n+hP =[(n+h)?*]=n*-n*=0

X —n

~. LHL #RHL unless n = 1.
Hence, f(x) is discontinuous at all integral values except 1.

{(x =1)* (x + 1) | x — 5 + cos| x|} — cos5

Atx =5, f'(x)= lim
x—5 x—=5

.96 |x -5

= lim ———

x—5

=+ 96, if x >5and — 96, if x <5
x -5

Hence, f'(5) doesn’t exist.
This ambiguity doesn’t occur at other points.
. f(x) is not differentiable at x =5.

@)= tim TTTO 0y X

2
X x— 0" X x—0f el/x
2
. -1/x x
= lim ————= lim 72:
x— 0" el/xz (_i) x— ot 2el/x
: 3
X

As, fis even, so f(07) = f’(0*) = 0. Thus, f/(0)=0
. " —cos2h—h
pm, g+ h) = lim =
(Q-cos2h) ,_1,,_5
4h? 2 2
et cos2(1—{n—h) -(1-{n—h)
(1—{n—h}’

fin =} = {=h} =1 -] =

h_ —
T el

+ lim
h—0 hZ

h—0

lim g(n—h)=
h—0

~ fim " —cos2h — h

h—0 2
5 . .

g(n) = 5 Hence, g(x) is continuous, V x € I.

Hence, g(x) is continuous, V x € R.

h-1
(0%) = lim £ 72—
g( ) hlino h
-h+b-1

g’ (07) = lim for existence of limit b =1
h—0 —

Thus, g’(07) =1

Hence, g cannot be made differentiable for no value of b.



39.

40.

41.

42.

43.

44.

By definition f” (1) is the limit of the slope of the secant line
whens — 1.

2 —
Thus, £ (1) = lim > =3 Y
s=1 s —1 Qs n
D6+
s—1 s—1
= lim (s +3) =4 P.2)
Aliter @)

By substituting x = s into the
equation of the secant line
we get y =s?+25 -1

This is f(s) and its derivative is f'(s) =2s + 2,s0 (1) = 4.
In the immediate neighbourhood of
X =T/2,sinx > sin® x = [sinx — sin® x| =sinx — sin® x

and cancelling by s — 1. Again,

Hence, for x # T/ 2,

. .3 . .3
| 2(sin x—sin” x) +sin x —sin” x

fx) =

2(sin x —sin® x) —sin x + sin’x
_ 3sinx - 3sin® x _
 sinx-—sin®x

Hence, f is continuous and differentiable at x = 1/2.

flx+ h)— f(x) - fim f(h) +| x| b + xh®

)= i,

h h—0 h
f0)=0
Hence, f(x)= hh'_x}no[w + | x| + xh}
= f(x)=f(0) + | x| =]

f(x) is non-differentiable at x = o, 3, 0, Y, &
and g(x) is non-differentiable at x = o, =2, 3, 0,7, 2, &.

3x2—4\/§+1, for x <1

for x >1

We have, g(x) =
ax + b,

For differentiability at x =1, g’(1") = g’(17)
RPN
= a=6—-2=4
For continuity at x =1, g1") = g(17)
a+b=3-4+1=a+b=0
= b=—-4

Hence, a=4andb=-4
) =t SEFR ) 35 O
h—0 h h—0 h
= lim {—3x+M}=—3x+ lim &
h—0 h h—o0 h

=-3x+7

45.

46.

47.

48.

49.

50.

. T[x]
sin——

fx)=
[x]
Obviously, continuity at x =3/2

_.m_ 1
f(2)—smz—

2

Atx =2, o
sm; 1
N =_— & —_
1@ P

Hence, f(x)is discontinuous at x = 2.
f-1)=b1-1)+1=1
and lim f(-1+h)=1

h—0

lim f(-1-h)=lim sin((-1-h+a)n)=-sinma
h—0 h—0

- . . 31
For continuity, sinta = —1 =sin | 2n + ?

3n
= ma =2nm + —
2
3
= a=2n+ —
2
3
Hence, a=2n+g,nEIandbER

Consider the graph of h(x) = max (x, x*)at x = 0and x = 1
For (d) : h (x) = max (x% — x?%)
Here, g(x) = [x%]{cos®4x} + {x*}[cos® 4x] + x*sin®4x
+[x%] [cos® 4x] + {x*} {cos® 4x}
= [x?]({cos®4x} + [cos® 4x]) + {x?}([cos®4x]
+{cos?4x}) + x*sin®4x
= ([x*]+ {x*})({cos®4x} + [cos®4x]) + x?sin”® 4x
= x%cos?4x + x*sin®4x
=x°
Clearly, g(x)is always differentiable.

*. Number of points of non-differentiability is 0.

Here, f(x) = {xhg(x) =1, when {x} g(x) #0

{x}g(x)

If f(x) is periodic with period i, then {x} g(x) # 0 with
1
eriod —
P 4
k
= g(x)=0atx=2,wherekel.

Here, f'(x)= %méw




51.

52.

53.

fa+h/x)  fQ)
— lim f/x) f/x)
h—0 h
i SO0 1 :f'(l).l.M
h—0 h/x x/(1) x f1)
x
B 1Y here LD _ -
dx_k " here I k f(x)=y.
4y _ [
= Jy Ikx
= logy =klog x + logC
= logy = log(x*-C)
= y=C-xk
fex)=c-2
P iC))
Putx=2y=1 — ==
g “”U I
f@)
2) =12 1)=1
= f@ ) = f@1)
Also, f(x)=C- xk, put x =1
= f)=C = C=1
f(x) = x*, now f(2) =4
= fe)=2*
4=2" = k=2

fx)=x* = fG)=25

tan(f(x)) = tan(g - 1), xefo0, 7]
b
0Sx<m=-1<>-1<=-1
2 2
. tan(f(x)) is continuous in [0, T].
1
—= is not defined at x =2 € [0, T ].
f) x-2
x—=2 1 . . .
y = . = f (x) =2x + 2is continuous in R.
2
- +1
lim (x+1)e *= lim (xz/ )=0
x—0" x>0t "
lim (x+1)e’ =1
x—0

Hence, continuous for x € I — {0}, assumes all intermediate

values from f(-2) to f(2) and maximum value — at x = 2.

e
3 —
RHL = lim [3—[c0t1(2x 5 SJD
x— 0" X

=3 —[cot™ (= e0)]=3-3=0

1
LHL = lim {x%} cos (e Xj

x— 0"

1
= lim h? cos {eh] =0
h—0
and f(0) =0
Hence, f(x)is continuous at x = 0.
54. lim f(x)= lim (b([x]?+[x])+1)
* x— 1"

x— -1

= hlimo(b ([~1+hP+[-1+h)+1)

:hlimo(b((—l)z—l) +1)=1

= beR
lim f(x)= lim sin(n (x + a))
x— -1 x— -1
= lim sin(n((-1 — k) + a))
h—0
sinfta = -1
31 3
= na=2nm+ — = a=2n+ —
2 2
LT
sin—
=—, 1<5x<2
55. f(x)={ 1 2
sin—

—2-_ 2<x<3
1 2

3 4
Hence, f(x)is continuous at e differentiable at 3 and

discontinuous at 2.

56. Since, sin"* x and cos(1/ x) are continuous and differentiable in

e[-11]-{o}
Now, at x =0
vy _ i S ) = f(0)
F00) = Jim S =
(sin'(=h))? cos(—l) -0
= lim h =0
h—0 —h
(sin”'h)? cos(%) -0

=0

‘0*) =1
f0%) = fim ———
Hence, LHD =RHD. So, f(x) is continuous and differentiable
everywherein —1<x <1.

T
cosx, 0<x<—
57. H() =1 2
——x, —<xZ<3
2 2

Hence, H(x) is continuous and derivable in [0, 3] and has
maximum value 1 in [0, 3].



58.

59.

60.

61.

62.

63.

64.

Here, f(x) =3@2x + 3) +2x+3

4
= fllx)=—++2
(2x+3)1/3
3
Now, 2x+3#0 = xi—g

Hence, f(x)is continuous but not differential at
x=-3/2.
Also, f(x)1is differentiable and continuous at x = 0.

1/h?
F(0°) = lim hln (cos hz) - lim In (cos h)2
h=0hln(1+ h") h—0 In(1+ h%)
hZ

= hliglo % (cosh—1)=— %; similarly f'(07) =— %

Hence, f is continuous and derivable at x = 0.
0, 0<x<1
f(x)=410, x=00rlor—1 = f(x)=0forallin[-1,1]
0, —1<x<0
0, x=-1
-1,-1<x<0
(] -I[[x]l = 0 0<x<1
0, 1<x<2

= Range is {0, — 1}. The graph is

r(nt _L (0" =_L.
f(O)—ﬁ,f(O) ok
[P LS

N TN I
Range is R* U {0} = Option (b) is not correct.

f is not differentiable at x = — 1

3 s
As, flx) = x3+l, if x>-1
-(x+1), ifx<-1
, 3x%,  if x>-—1
= f(X)={ o
-3x° ifx<-1

f/(=17)=3, f(-17) =—3= fis not differentiable at x = — 1.
Also, f is not bijective, hence it has no inverse.

Given, f is continuous in [a, b] (1)
= g is continuous in [b, c] ...(i)
= f(b) = g(b) -..(ii)
h(x) = f(x) for x € [a, b)} )
= .(iv)
= g(x) for x € (b, c]

= h(x)is continuous in [a, b) U (b, c] [using Egs. (i) and (ii)]

65.

66.

67.

68.

Also, f07) = f(b), gb") = g(b)
[using Egs. (i) and (ii)] ...(iv)

h(b™) = f(b7) = f(b) = g(b) = g(b™) = h(b")
[using Egs. (iv) and (v)]
Now, verify each alternative. Of course! g(b~) and f(b*) are

undefined.

hb™) = f(b7) = f(b) = g(b) = g(b™)
h(b") = g(b") = g(b) = f(b) = f(b7)
Hence, h(b™)=h(b") = f(b) = g(b)

and h (b) is not defined.

(a) Domain is R — {— 1}; Range = R — {0}

N

~rF

(b) Domain is x € R; Range = (0, 1]

and

X

(c) Domain is [0, «); Range = (0, 1]
(d) Domain is (— oo, 3); Range = (0, )
2 (sin 2x + cos 2x)

f(x) =sec 2x + cosec 2x = -
2 cos2 xsin 2x

_ 2(sin 2x + cos 2x)
sin 4x
- . nm
is discontinuous, where 4x =nm,n € [ or x = T

Options (a) and (b) also satisfy the condition, since they are
subsets of option (c).

1

lim f(x)= lim x"-sin (—Zj =0,ifn>0

x—0 x—0 X

and hence true forn > 1.

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

x" sin S

— f(0 2

fo-fo_

x—0

lim
x—0

Now,

x—0 X

. 1. 1
= lim x" ' sin -
x—0

)zO,ifn>1.
x

Hence, f(x)is differentiable at x = 0, if n > 1.

e’, x<0
flx)=11-x,0<x<1
x—1,x2>1
= lim f(x)=1 lim f(x)=1
x =0 x— 0"
and lim f(x)=0, lim f(x)=0
x—1" x—1"

Hence, f(x)is continuous at x = 0 and 1.
f/(07)=1and f/(0")=-1.
Hence, f(x)is not differentiable at x =1.



69. f(x):jfz t+1[de==[ (t+1)dt+ jfl(t+1)dt

-1
2
1 (¢ x*
=—+|—+t| =—+x+Lforx=>-1
2 2 L 2

f(x)is a quadratic polynomial.
.~ f(x)is continuous as well as differentiable in [- 1, 1].
Also, f’(x)is continuous as well as differentiable in [- 1, 1].

70. We have, f(x + y) = f(x)+ f(y) + xy (x + y)

flo)=o0
lim M:—l
h—0 h
i LD = ()
h—0 h
i FGO+ F) £ xh (x4 B) - f(x)
h—0 h
R {0 x(x+h)=—1+x"
h—o0 h h—0

f(x)=-1+ x*
3
f(x)=x?—x+c

f(x)is a polynomial function,
f(x) is twice differentiable for all x € R and
f'3)=3*-1=8.
71. We have, f'(x) =6x + 12
For f(x)is increasing, f'(x) 20 = x2>-2
Hence, f(x)is increasing in [—1, 2]
lim+ f(x)=35 lim f(x)=35 and f(2)=35
x—2

xX—2
Hence, f(x)is continuous on [—1,3], f'(27) =24 and
feh=-1
Hence, f’(2) doesn’t exist for maximum, f(2) =35
f(=1)=-10, f@B)=34

Hence, f(x)has maximum value at x = 2.
72. Since, f(x) =0, x < 0 and differentiable at x = 0, LHD = 0
(function is on X-axis for x < 0). If f(x),
(@) x4 x>0
RHD at x =0,
f(0)=2x0=0 (possible)
d -x"* x>0
RHD at x =0,
F/(0)=-3/2x"*=-3/2x0 =0 (possible)
73. We know that, sin x is periodic function in [0, 27].
. sin x is continuous at x = 0
Now, lim [x]
x—

RHL = lim [x]=hlim [x+h]=x=0 [ [x+h]=x]
x— 0" —0
LHL = lim [x]=hlim [x—-h]l=(x-1) [“[x—-h]l=(x—-1)]
x—=0 -0
=0-1=-1
. RHL #LHL

So, [x] is discontinuous at x = 0.

We know that, sum of continuous and discontinuous functions
is discontinuous.

74. We have,
2sin (a cos™! x), if x €(0,1)
flx) = 3, if x=0
ax + b, if x<0

Continuity at x =0
(LHLatx=0)= lim ax+ b

x—0
=lim a(0—h)+ b= lim —ah+ b
h—0 h—0

=b
(RHL at x =0)= lim 2sin(a cos™ ' x)

x— ot

= lim 2sin (a cos™' (0 + h))
h—0

= lim 2sina cos ' h
h—0

=2sina cos ' h=2sina cos ' 0
. oam
=2sin —
2

f0)=+3
For f(x) to be continuous at x = 0,
LHL = RHL = £(0)

T
b=23ina—=\/§
a

bzﬁandsin?zé

= b=\/§and%=g

= b=+3anda= g
So, Statement I is correct.

Since, for x < 0, f(x) =ax+ b

which is a polynomial function and will be continuous for
(==, 0).

Again, for x € (0, 1),
f(x) =2sin (a cos™"

continuous for x € (0, 1).

x), which is trigonometric function will be

" f(x)is continuous in (- oo, 1).
.. Statement II is also correct.

75. We have, f(x) = 3 L x#0
x
0, x=0
Clearly, f(0)=0
xZ
. . . cosx—e 2 0
Now consider, lim f(x)= lim ——————— — form
x—0 x—0 X 0

x*
2

—sinx+e - X 0
= lim—2 [fform}
x—=0 3x



76.

77.

78.

79.

XZ X2
. —cosx+e 2 —e 2.x 0
= lim — form
x—0 6x 0
XZ XZ 2

i sinx—e 2 -x-2xe 2 +e 2

x—0 6
=0

Thus, lim f(x) = £(0)
x—0

= fis continuous at x = 0
Hence, option (c) is correct.

3
X . 2 . .

Let f(x) = e sin Tx + 5 Then, f(x) will be continuous

function. (" Sum and difference of two continuous function is

continuous)

Here, f(2)

Now, as f(—2)< 0 < f(2), therefore by intermediate value
theorem we can say that there exists atleast one point
€[—2,2]. Such that f(n) =0
3
2
Hence, f(x) =0, ie. % —sin 7Tx + 3 = 0 has atleast one

:gmdﬂ—az—g [

sinnm =0,V neZ]

solution in [— 2, 2].

Clearly, Statement I is wrong. Because for this to be true, f(x)
should be a continuous function (by intermediate value
theorem).

Hence, option (c) is correct.

We have,
2x —2x
e —e 2 4
fa)=x| "% |+ x+x
er +e 2x
2-x) _ -2 x)

w flex) = (= %) (:()HH] (=2 + (- x)*

-2 +2
e M —et ) 4
=—x|— |+ x"+x
e+2x

= fx)
.. f(x)is even function and even function can’t has range equal
to R.
y =|In x| not differentiable at x = 1.

T 3T
=|cos| x|| is not differentiable at x = P

y =cos ' (sgn x) = cos (1) = 0 differentiable, V x € (0, 21).
hsinh -0
"(0")=lim ———— =0
£ = fim 2
_ . hsin(=h)—-0
(07) = lim———————=0
f1(07) = Jim ="

f(x) is differentiable at x = 0.
e.g. x| x| is derivable at x = 0.

80.

81.

Consider g(x) = x” at x = 0, g(0) =

| g(x)| is derivable at x = 0.

Actually nothing definite can be said. Also, for g(x) = x —1
with g (1) =0

Then, | g(x)| is not derivable at x = 1.

Y 1///_\i<-X—X2
/AR

y=1g )

X

-1 0| 1 2 3

82. f(x)is discontinuous at x = 0 and f(x) <0,V x € [- o, 0) and

f(x)>0,V xe[0,a.

Sol. (Q. Nos. 83 to 85)

F(x) x+1, 0<x<2
X)=
-x+3, 2<x<3
Y
3
2
1 \
+ + Y X
ol 1 2 3
. f(x) is discontinuous at x = 2.
x+2, 0<x<1
(fof ) (x)=1—-x+2, 1<x<2
-x+4, 2<x<3

= (fof') (x) is discontinuous at x =1, 2
f19) = fBx6+1)=f(1)=2
83.(a) 84.(b,c) 85. (a)

and

Sol. (Q. Nos. 86 to 89)

' 1
Since, f(—x) = I
Atx=0
= f(0)= m = f (0)=1 = f(0)=+1,as f(x)>0
. o) = i L4216
)=t SO0~ 109
7= - Jim XL g 1)
= If J. ldx = logf(x)=-x+c¢
f(x =e*hatx=0, A=1= f(x)=¢"

= Range of f(x) € R". = Range of f(|x]) is [0, 1]
= f(x)is decreasing function

f(x)=—e" =~ f(x)

86.(c) 87.(a) 88.(d) 89.(a)

and



90.

91.

92.

93.

94.

sin x, x<0
tan x, 0 < x <27
flx)=

Ccos x,2M < x <3m
3n, x=3T

T 3m
f(x)is discontinuous at —, —, 2.
fx) =[2x" 5]

Sincel<x<2 = 1<x°<8
—3<2x° —=5<11

Now, 2x* —5 is discontinuous at integer points.

v—2,—-1,0,1,2,3,45,6,7,8,9,10.
Hence, number of points of discontinuity =13
Max ([x], | x|), hence discontinuity at x = 0.

Y

o

From figure, option (c) is correct.
Y

) X
w2

From figure, option (b) is correct.
Y

E— X
w2

95. From figure, option (c) is correct.
Y
o) X
w2
Sol. (Q. Nos. 96 to 99)
Here, fle+y™™) = f)+(f)™!

On differentiating, we get

fla+y™™) = flx)

{ x and y are independent, so

= f’(x)is constant, say f’(x) = k.
On integrating, we get f(x) =kx+c

Now, f(0)=0 = c¢=0and f(1)=1 = k=1
fx)=x = f'(x)=1Lforall x e R

. f(x) = x is an odd function.

96. (b) 97.(c) 98.(d) 99. (a)

We know, f’(x) = }l[imw

—0

) = Tim L =M = ()
and f(x)=1 -

h—0

On adding, we get

2 () = Jim LRI gy JEDZIR)
IR CLS S
- fh)}

= 2f'(x) = lim f(x) 5

[using f(x+y) = fx=y) = fO){f(y) = f(=y)}]...iD)

Also, 2f(0) = lim (f (h);f ©, f(—h)_; f(o)j

[using Eq. (i)]
_ imLP =R ...(iii)
h—0 h

From Egs. (ii) and (iii), we get
2f"(x) = f(x)-2f70) =

f(x)
)
On integrating both sides, we get
log(f(x)) =2010x+ ¢, as f(0) =1
. c=0 = f(x)=e"""
Thus, {f(x)} is non-periodic. (V)
100. (b) 101.(d)

0 _
I 110)

=2010 (iv)

102. (A) }}im sin{l — h} =cosl + a
>0

= limsin(l1 —h) —cosl =a
h—0

= a =sinl — cosl

inl — 1
Now, |K| = Sml cos S =1= K=t
«/E(sinl-——cosl'—)
N2 \2

zsinz(sinxJ . ,
() £(0) = lim 72-(5“‘") -2

xo0 (sinsz 2
X2
2

(C) Function should have same rule for 6and 6’ = x =1 — x

= x==
2

(D) f(x) = x + {-x} + [x]
x is continuous at x € R.
Check at x = I (where I is integer)
fa*y=2r+1or fI)y=2I-1

So, f(x)is discontinuous at every integer, i.e. {1, 0, —1}.



14 x°, x<0
flx) = 1, 0<x<lorx=2
X2 -3x+31<x<2

1<x<2
Clearly, f(x)is not differentiable at 2 points.

1-1,
0,
103. () f(0 |

—sinTtx, -1 <x<0
At x =0, f(x) is not continuous and not differentiable. At
= f'x) =

x=1
1

0<x<1
(C) f(x) =(x + 4)?
1

2

x =1, f(x) is continuous and non-differentiable. At x =2
and -1, f(x) is continuous and differentiable.
1 2
B) f(07) = limh% " = lim— =0 3
®) f0) h—0 h—o0el/h 3(x + 4)3
©) f(x) = X not defined at x = —1. .. Functions non-derivable at x = — 4, i.e., at one point.
x+ T 2x T s
Fx) —E-log o +—, 0<x£E
glx) = ———— (D) f(x) = s
f)+2 T - x, Tex<l
g(x) is not defined at f(x) =-2 2
2 b T
= = 2=x=-= —;, O<x<3
x+1 3 /(4) — X
. . . f T 3n
Also, x = 0 is not in domain. -1, E <x< ?
. f(x) is not differentiable at 3 points.
- +
L xP=1>0 [ 1, |x|>1 f/(”j:ff(”j:_l
D)y =sgn(x* -1)=1 0, x*-1=0=1 0, |x|=1 2 2
2 3
-Lx"-1<0 | -1L[x|<1 = f(x)is differentiable for all x € (0, —n)
.. Tangent exists for all x. . . . )
. L .. Number of points of non-differentiable is 0.
.. Number of points where tangent does not exists is 0 ho1 he1-1
- 105. (A) Rf'(0) = lim <" "= = g and Lf'(0) = lim — =1
104. (A)f(x):tanx+cotx_ tanx — cot x (A) Rf’(0) Jim f7(0) Jim —
2 2 Obviously,
_{cotx, tanx = cot x f(o):f(()‘):f(()+):1
tanx, cotx > tanx Hence, continuous and not derivable.
y (B) g(x) = 0 for all x, hence continuous and derivable.
(C) As 0 < {x} <1, hence h(x) = 1/{x}* = {x} which is
discontinuous, hence non-derivable all x € I.
1
SN N (D) lim x™* = lim x'%8x¢ = ¢ = (1)
X % AN ’, AN S X x—1 x—1
2 // ) 4 \\T\VZ// Tt \3\TV/? on
II/
II e
! 0 1—>X
1 YI
. L. . Hence, k(x) is constant for all x > 0, hence continuous and
There are 4 points where the function is continuous but not . ) -
. . . differentiable at x = 1.
differentiable in (0, 27). , ,
2 [ _
(B) f(x) = min {1,1 + x°, x* —3x + 3} can be shown as 106. (A)[ = lim e* * l[e ¥ A=) —1}
X —> oo
Y o 14x8
P_3x+3 Consider, xlij)nw [Vx*+1-(x*+1)]
xR 1+ 269
= lim
xoe x4 1+ (3P +1)
. —2x*
= lim =-1
oo (1 4+ (1/xh) + 1+ 1/xP)

y=1

0, 1)

/O




Now, as x — oo, 4/x* +1 —(x* +1) > -1

1
oo X (7 - lj — — oo and hence limit doesn’t exist.

e
a¥ —2d" +1 . a"-1 ’ P
—— = lim =1In“a

+\ 7
(B) f(0 )_hlgno h? h—o0 h

f(0)= lim 3In(a+ h)~2=3Ina 2= f (0)

For continuous

Ina=3lna-2 In’a-3lna+2=0

= (na-2)(Ina-1)=0; a=e’ora=e
(C)L=a" In ae
= M =a*

a’ In ae =2a"

“ Inae=2 => age=e¢’* = a=e

T 37
107. tan” x is discontinuous at x = Py
T 37
sec? x is discontinuous at x = —, —
27 2

= Number of discontinuities = 2
yxl—Inx

108. Let g(x) = ', g'(x) =

= gmax =€ €(12)
= lim x"* =0, lim ¥/* =1
x—0 X —> o
0, 0<x<1
S f(x):{l, 1<x<oo

109. f(x)=x+ cosx+2,f(0)=3=>g(3)=0
8(f(x) = x = g (f(x))
g6 f1(0)=1
Now, f/(x)=1-sinx= f(0)=1= g'3)=1
110. Let g(x) = x tan"" (x?). It is an odd function.

- f’(x) =1, putting x =

So, g (0)=o.

Let h(x) = x*

So, J(x) = g(x) + h(x)

= F2(0)= g™ (0) + A" (0)
=h*0) # 0

It happens when 2m=4=m=2
111. F(x) =3¢* and G(x) = ¢ *
The equation 9x* = (F(x))? G(x) becomes x* = e*
Hence, number of solutions = 2
112,y = f/(x) - 2"2x)
y')=f1)-2f@2)=5
and y'@)=f'@2)-2f"(4)=7
Now, let y = f(x) = f(4x) — 10x
y'=f'(x)-4f"(4x) - 10
y'(1) = f(1)-4f"(4)-10

2 —|—+ =
x

..(iif)

On substituting the value of f’(2
f@)=2[7+2f(4)]=

£0) - 4f7@) =19

R F0)-4 f/@)-10=9

113. A, B, C are in AP.
: 2B=A+C and A + B+ C =180°

B =60°
1 a*+c2-b?
cosB=—=———
2 2ac
= a®+c*=b"+ac
= (a—c)*=b*—ac

. . . 2 . .
or |s1nA—smC\=\/sm B —sin Asin C

= ZCOS(A+C) sin(A_C) = E—sinAsinC
2 2 4

. (A=-C - -
= 2 sm( =,/3-4sinA sin C
. [A-=-C
- - 2 jsin|
. 43— 4sin Asin C 2
lm *Y——= lim ———
A—=C |A—C| A—C |A—C|

[x+1]
+2)logd) ¢+ —16
Now, 4-| lim (exp ((x +2)log 4)
x—>2" 4" -16
[x+1]
42y 4 16 1
=4 limi% =4x-=2
X2 4" —-16 2

((1; 115. Here, f(x) =—x"+x* —x+1 = f'(x)=-3x"+2x-1
(i

= D=4-12=-8<0
f(x) is decreasing.

Thus, min f(t) = f(x), as f(x)is decreasing and 0 <t < x.

) =7+ 2f’(4)in Eq. (i), we get



—x3+x2—x+1, 0<x<1
glx) =
x—-1, 1<x<2

= lim g(g(x)) = lim g(0*)=1
x—-1* x—1"

= lim g(g(x)) = lim g(0%) =1
x—1" x—1"

- lim g(g(x)) =1
116. We have, f(x) = (x —|x|)*(1 — x+| x)?

@ex)(1-2x)% x<0
= flx) =
0, x20
_J16x* —16x° +4x%, x<0
0, x20

Clearly, f(x)is continuous as well as derivable for all x € R.

*. Number of points of non-differentiable = 0.

(E —sin”l(1 - hz)jsin_l(l —h)
117. RHL = lim~ 2
h—0 V2(h—h?)
-1 2\ i1
— lim (1—-h%)sin" (1—-h)

h—0 N2h(1 - h?)
im sin”'\/2h? —h* -sin”'(1 — h)
h50 N2h(1 + h)(1 - h)

sin"'(hv/2 —h?)sin'(1 - h)

o0 N2h(1+ h)(1—h)

1 sin (V2 — h?) . V2 —h? sin”'(1-h)

=lim—

=082 pyaop? 1+h (1-h)
—i. ,Sinil(l) _E —E '
_\/5\/5 1 _2:>k_2 ..(i)
LHL = lim Asin ' (1-(1 —h))- cos "1 =(1 = h))
h0 2(1—h)-(1—(1-h))
i Asin'(B)-cos™'(h) _ A-m/2 _ Am
T >0 Mh - «/E —2\/5
An T
= ETz oA

Am T
Hence, sin’k + cosz(—) = sinz(—) +cosi(m)=1+1=2.
7 ) (m)
118. fe=0x]1-[x-1]
or f)=[x]-[x]+1
or f (x)=1, which is constant function and which is
continuous for all real numbers.

119. (i) f (x) = [x] + [-x] ={

X=X, X € integers
[x]-1-[x], x¢ integers
0, x € integers

nfwh{

-1, x ¢ integers

which shows the graph of f (x) as shown in figure.

Y
X X
-2 0 1 2 3
> <> <> P—r——Cr—
-
v
Thus, f (x)is discontinuous at x € integers.
I -1, |x|<1
(i) g(x)= lim —/——=10, [x[=1
n—e x4+ 1
1, |x|>1

y
«~——o0 1 o—
X’ X
2 1 0 12
O—TO
v

Thus, g (x) is discontinuous at x = + 1.
x[x], 0<x<2
120. f (x) = [x]
(x-1)[x], 2£x<3
To check continuity at x =1
RHL (atx=1) = lim (1+ h)[1+ h] =1
h—0
LHL (atx=1) = lim (1-h)[1-h]=0
h—0
Hence, the function is discontinuous at x = 1.
To check continuity at x = 2
RHL (at x =2) = lim 2+ h-1)[2+ h] =2
h—0
LHL (at x =2) :hlim 2-h[2-h]l=2= f@2)=@2-1)[2]=2
-0
Hence, the function is continuous at x = 2.

To check differentiability at x = 2
o L@ER- Q)

RHD (at x =2) =
h—0 h
— lim @2+ h-1)[2+h]-2
h—0 h
— lim (l+h)2—2=2
h—0 h
LHD (at x =2) = lim @-h[2-h]-2
h—0 -h
= lim 2-h-2 =1
h—0 -h

which shows f (x) is not differentiable at x = 2.
Also, f (x)is not differentiable at x =1, as f (x) at x =1is not
continuous.



121.

122.

123.

Differentiating both the sides, we get
h'(x) =2 f (x)- f'(x) + 2g (x)- 8'(x)
h'(x) =2 f (x)- g (x) + 28 (x)- f""(x)
[as g (x) = f'(x), g'(x) = " (x)]
K =2f(x)-g0-28() fx) [ f10)=— f)]

h(x)=0
h (x) must be constant function.
Given, h(5) =11
Hence, h(10) =11
Given that,
fx+y)=f(x)-f(y)forallxeR (1)

On putting x = y = 01in Eq. (i), we get
F){f(0)-1}=0
= f(0)=0 or f(0)=1
If f(0) =0, then
fe)=fx+0)=f(x)f(0)
= f(x)=0forallxeR
which is not true, so f (0) =1
iy — i S X R) - f (%)
f o) = fim, h

= Jim LB -F ) [from Eq. (i)]

h—>0 h
- im, 7 L2
= f () £0)
) [given £7(0) =21
or LX) _y
f ()

On integrating both the sides, we get log, f (x) =2x + C
At x=0, f(0)=1

Hence, log f(1)=2(0)+C

= log1=0+C

= C=0

= log, f(x)=2x+0
fx)=e*

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

fo SO = £0)

= P p (say) )
Then, f'(x) = lim M
f{3x;3h} _f(3x+33.0)
or fix)= hhino h
or  f(x) = lim £80* FBR) + F0)- f6x)- f(0)- £(0)
h—0 3h
) = T 4 BR) = £(0)
or fi)= hh—1>n0 3k
{usingf(x;y):f(x)"'f;)/)""f(())}

or f/(x)=f10) or f(x)=p (et [from Eq. (i)]

124.

125.

126.

fx)=px+gq
which shows f (x) is differentiable for all x in R.
We have,
Py = tim LEEDF ()
h—0 h

i FOO ) + 21 ()
h—0 h

= lim {2x+ 7f (h) - 1}
h—0 h

Now, substituting x = y = 0 in the given functional relation,
we get

[using given definition]

FO)=f0)+ f(0)+0-1

= f0)=1
f'(x)=2x+hh_r>n0f(h);lf(0)
=2x+ f'(0)
= f(x) =2x + cosa.

On integrating, f (x)=x*+ x cos o+ C
Here,at x =0, £ (0) =1
1=C = f(x)=x*+xcosa+1
It is a quadratic in x with discriminant,
D=cos’o-4<0
and coefficient of x* =1> 0
f(x)>0, VxeR

Plan If a continuous function has values of opposite sign
inside an interval, then it has a root in that interval.

f.g:[0,1] >R
We take two cases.
Casel Let f and g attain their common maximum value at p.
= f(p) = &(p),
where p €[0,1]
Casell Let fand g attain their common maximum value at
different points.
= f(a)=Mandgb)=M
= f(a)—g(a) >0 and f(b)—g(b)<0
= f(c) — g(c) = 0 for some ¢ € [0,1] as f and g are continuous
functions.

= f(c)— g(c) = 0 for some ¢ € [0,1] for all cases. (1)
Option (a) = f*(c) - g*(c) +3[ f(c) ~ &(c)] = 0

which is true from Eq. (i).

Option (d) = fz(c) - gz(c) = 0, which is true from Eq. (i).

Now, if we take f(x) =1and g(x) =1, Vx €[0,1]

Options (b) and (c) does not hold.

Hence, options (a) and (d) are correct.

Plan

(i) In these type of questions, we draw the graph of the function.

(if) The points at which the curve taken a sharp turn, are the
points of non-differentiability. Curve of f(x) and g(x) are



127.

1

h(x) is not differentiable at x = £ 1 and 0.
As, h(x) take sharp turns at x =+ 1 and 0.

Hence, number of points of non-differentiability of h (x) is 3.

Plan To check differentiability at a point we use RHD and

LHD at a point and if RHD =LHD, then f(x) is differentiable at

the point.

Description of Situation

As,

and

RUf /()= lim

Lf ()= lim

To check differentiable at x=0,

R{f(0)} = lim

h2

=lim

L{f o} = i

-

J(0+h)~f(0)
h

s
cos—|—0

h—0

fx+h)-f(x)
h

fx=h)~f(x)
—h

lim h-

L fO=h-f0) _
0 —h

So, f(x) is differentiable at x=0.
To check differentiability at x=2,

R{f @)} = im !

@+h)-f@)

h

h—0

2+h)? L | 24 h)2- cos| %
» 2+h) COS(2+hj . (2+h)°-cos o h
Th0 h T30 h
(2+h>z.sm[”_“J
_lim 2 2+4+h
h—0 h
(2+h)2-sin( mh j
- lim 2(2+h). .
h—0 . 2(2+h)
2(2+h)
and L{f"(2)}=lim fe-h-f@
h—0 —h
(2—h)*-|cos : —22-003—‘
=lim
h—0 —h
(2-h)* (— cos th—O
=lim
h—0 —-h
s BT
L (2-h) sm(2 Z—h]
hgno h

(2—h)* ~sin[—
h T
2(2-h)
Thus, f(x)is differentiable at x=0but not differentiable at x=2.
128. f2n)=a,, f@2n*)=a,
f@n)=b,+1 = a,-b, =1

mh J
2e-h) -m
202-h)

=lim -
h—0

f@n+1)=a, = f{@n+1)}=a,
flen+ )"} =b, 4y -1
= a,=b,,,—1ora —b,,.,=-1
or a,_;—b,=-1
129. f(x + y) = f(x) + f(y),as f(x)is differentiable at x = 0.
= f(0)=k ..(i)

fx+h) - f(x)
h

f(h) - f(x)
h

Now, f’(x)= lim
h—0

fih)

- lim S®)*

h—0

= lim [gform:|
h—0 h 0
given, f(x +y) = f(x) + f(y).V x,y
£(0) = f(0) + f(0),
when x=y=0 = f(0)=0
Using L’Hospital’s rule,
lim 7f l(h)

h—0

= f/(0) =k ...(id)

= f’(x) =k integrating both sides, we get
fx)=kx+C,as f(0)=0 = C=0
) = ke

- f(x) is continuous for all x € Rand f’(x) =k, i.e. constant
for all x € R. Hence, (b) and (c) are correct.

(L (L
-x-—, x<——
2
b
130. We have, f(x) =4 —cos x, —5<xso
x—1, 0<x<1
log x, x>1

T
Continuity at x = — E f [—

RHL = lim — cos
h

— 0

REER

(— KL h) =0
2
.. Continuous at x = (_E)

Continuity at x=0 = f(0)=-1
RHL = lim (0+h)-1=-1
h—0

. Continuous at x = 0. Continuity at x =1, f(1) =0
RHL = lim log(1+ h) =0
h—0

Continuous at x =1

1, 0<x<1
1
—, x>1
X
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132.

Differentiable at x = 0, LHD = 0, RHD =1
.. Not differentiable at x = 0
Differentiable at x =1, LHD =1, RHD =1
.. Differentiable at x = 1.

3
Also, for x = - = f(x) =—cosx

*. Differentiable at x = — z

1
Given, f(x)=xcos—, x 21
x
1 1 1
= f’(x)=—sin —+ cos —
x x x

1 1
= f"(x)=-— cos (f)
x x
Now lim f’(x)=0+1=1 = Option (b) is correct.
X—>o0

Now, x €[1, ) = +€(0,1] = £”(x)<0
X

Option (d) is correct.
As, f’(1) =sinl+ cosl1 >1
f(x) is strictly decreasing and lim f’(x) =1

x—>o0

So, graph of f’(x) is shown as below
Y,

(1, sin1+cos1)

Now, in [x, x + 2], x € [1, =), f(x) is continuous and
differentiable so by LMVT, f(x) = JGe+2) =)

2
As, flx)>1
For all x €[1, )
Mx = fx+2) - f(x)>2
For all x € [1, oo).
. (x—1) .
Given, g(x) = ————————; 0 < x <2, m # 0, n are integers
log cos™(x — 1)
x—-1 x2>1
and|x—1|={
1-x, x<1

The left hand derivative of |[x —1|at x =1isp=—1.
Also, lim +g(x) =p=-1

U 1+ h-1)
= lim =-1
h—0log cos™ 1+ h—1)
. h* . K"
= Iim —=-1 = lim ——=—
h—0 log cos™ h h—0 mlog cos h
. n k"t . , o
= lim =—1 [using L’'Hospital’s rule]
h—0 .
(=sinh)
cosh
. n) h? n) .. n-2
= lim | —— |- =-1=|—| lim —=1
h—0 m (tanh) m hao(tanh)
h h

= n=2 and o 1
m
m=n=2
133. We have, limw {9 form}
x—0 sin x 0
- fim g'(x)cosx — g(x)sinx _ 0
x—0 cosx

Statement I
Since, f(x) = g(x)sinx
f’(x) = g'(x)sinx + g(x) cosx
and f’(x) = g"'(x)sinx+2g’(x)cosx — g(x) sinx
=  f(0)=0
Thus, limo[g(x) cosx — g(0)] cosec x=0= f"/(0)
= Sta’;:ment Lis true.
Statement II f'(x) = g'(x) sinx + g(x) cosx= [’(0) = g(0)
Statement Il is not a correct explanation of Statement I.
Match the Columns
A. x|x|is continuous, differentiable and strictly
increasing in (-1, 1).

B. /| x| is continuous in (-1, 1) and not differentiable at x = 0.

134.

C. x + [x]is strictly increasing in (-1, 1) and discontinuous at
x=0
= not differentiable at x = 0.
D.|x—-1|+|x+1=2in(-11)

= The function is continuous and differentiable in (-1, 1).

135. Here, f(x) = min {1, x*, x*} which could be graphically shown as

y y=x

| ty=x

\ /

\ /

777\)2777 _ y=1
\\
T

Y

= f(x) is continuous for x € R and not differentiable at x =1
due to sharp edge. Hence, (a) and (d) are correct answers.

136. Using graphical transformation. As, we know that, the
function is not differentiable at sharp edges.

y
[ y=Ix| -1
o X

T 01

(i) y = [ x| =1

In function, y =|| x| — 1|, we have 3 sharp edges at x =1, 0, 1.
Hence, f(x)is not differentiable at {0, £ 1}.
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138.

139.

140.

141.

142.

Given,f(l):f(l)=f(1)=...= lim f(1)=o

2 n— o n

1 .
as f —) =0; n eintegers and n > 1.

" 1
= lim f (f) =0
n— oo n
= flo)=o0
Since, there are infinitely many points in neighbourhood of x = 0.
flx)=0
= f@)=0 = f(=0
Hence, f0)=f’(0)=0
—(-x-1), if x<-1
Given, f (x) =1 tan' x, if —1<x<1
1
—(x—1), if x>1
5 (x-1)

f(x)is discontinuous at x = —1and x = 1.

. Domain of f’(x) € R — {-1, 1}

Given, f (x) =[x]sin Tt x

If x is just less than k, [x] =k —1

= f(x)=(k-1)sinm x.

(k—1)sinmt x —ksinm k

LHD of f (x) = lim
x—k

x—k
- lim (k—1)sinm x’
x>k x -k
— fim K ~Dsin 7 (k—h) [where x = k — h]
h—>o0 —h
YA
— lim (k—-1)(-1) Slnhn:(—l)k(k—l)n
h—0 —h
. lim sinh—h
RHDofsm(|x|)—\x\:h_mTzl—l=0['.'f(0)=0]
LHD ofsin (| x|) —| x|
. sin|—h|—|-h]|
=lim——
h—0 —h
- lim sinh—h_o
_h~>0 —h B

Therefore, (d) is the answer.
We have, f(x) =|log 2 —sin x| and g(x) = f(f(x)), x € R
Note that, for x — 0,log 2 >sin x
. f(x) =log 2 —sin x
- g(x) = log 2 - sin (f(x))
=log 2 —sin (log 2 —sin x)

Clearly, g(x) is differentiable at x = 0 as sin x is diferentiable.
Now, g’(x) =— cos (log 2 —sin x) (- cos x)

= cos x- cos (log 2 —sin x)
= g’(0) =1-cos (log 2)

Since, g(x) is differentiable = g(x) must be continuous.

) kyx+1, 0<x<3
coglx) =

& mx+2 3<x<5
At x =3, RHL =3m + 2

and at x =3, LHL =2k
: 2k =3m+2 )
k

Also, glx)=12/x+1

m 3<x<5

0<x<3

’ k ’
L{g'B®) = 1 and R{g’'3)} =m
k . ..
= 2 =m,ie k=4m ..(i)
On solving Egs. (i) and (ii), we get
8 2
k=—m=-
5 5
= k+m=2

. Given, f(0) =2 = g(1), g(0) =0 and f(1) =6

f and g are differentiable in (0, 1).

Let h(x) = f(x) —2g(x) (1)
h(0) = £(0) —2g(0) =2-0 =2

and h1)= f(1) —2g(1) =6 —2(2) =2

= h(0) = h(1) =2

Hence, using Rolle’s theorem,
h’(c) = 0, such that ¢ € (0, 1)
Differentiating Eq. (i) at ¢, we get
= fle)—2g%)=0
= f1e) =2g7c)

. Given A function f: R — R defined by

f(x)=[x]cosm (x - %) where [] denotes the greatest integer

function.
To discuss The continuity of function f.
Now, cos x is continuous, Vx € R.

1
= CoS T (x - 7) is also continuous, Vx € R.
2

Hence, the continuity of f depends upon the continuity of [x].
Since, [ x]is discontinuous, Vx € I.

So, we should check the conitnuity of fat x=nVn e l.
LHL at x = nis given by
f)= lim f(x)

xX—n

@n-1)m _

= lim [x]cosn(x—é)z(n—l)cos =0

x—>n

RHL at x = n is given by
f(n*)= lim+ f(x)= lim [x]cosm (x - %)

X—n X — n+
2n—-1)m

=(n) cos @n-pm =0

Also, value of the function at x = nis

f(n)=[n]cosm (n - %) =(n) cos
s f") = f(n7) = f(n)

Hence, f is continuous at x =n,Vn € I.

(2n—1)7‘E:0



