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CHAPTER

11

| LW JEE Advanced/ IIT-JEE

Limits, Continuity and
Differentiability

Fill in the Blank x+4
A ° - an<s 9. Lt (“6) e (1990 - 2 Marks)
x>0\ x+1
(x=1)2sin _| x| if x#1 10. Let fix) = x | x |. The set of points where f{x) is twice
1. Letfix)= (x=1) differentiableis ..................... (1992 - 2 Marks)
-, if x=1

be a real-valued function. Then the set of points where f{x)
is not differentiableis....................... (1981 - 2 Marks)

(¥} +x2-16x+20)

11.

T
Let f(x)=[x] sin ([x +1]] , where [e] denotes the greatest

integer function. The domain of fis... and the points of
discontinuity of fin the domain are..... (1996 - 2 Marks)

oy ,  df x#2 ,
2 Letfy=y (2 o (s
k, if x=2 2. M L1+3x2J =.. (1996 - 1 Mark)
If fix) is continuous for all x, thenk=.......... (1981 - 2 Marks)
. . . 3 Lo 2. 2 . 13. Let fix) be a continuous function defined for 1 < x < 3.
3. A discontinuous function y <flx) satisfying x” +y~ =4 is If fix) takes rational values for all x and f(2) = 10, then
given by flx)=.....cccooevenenene. (1982 - 2 Marks) ALS5) = (1997 - 2 Marks)
4 lim(-») tan% = (1984-2Marks)y B ERICCYGEES
X
5. Iff(x)=sinx, X ¢'n7r., n= O, il, i2, i3, .............. 1. If Lt [f(x)g(x)] exists then both Lt f(x) and
=2, otherwise x—a x—a
andg(x)= x> +1,x#0,2 Lt g(x) exist. (1981 - 2 Marks)
=4,x=0
T2, (el MCQs with One Correct Answer
then I Q[ (1986 - 2 Marks)
o (1) L Iff)= % then lim f(x)is (1979)
X sin(—) +x x+cos” x X
6. im | ——% = 1987 - 2 Marks
xgr?oo a+1xP) ( ) @0 o
© 1 (d) none of these
' o f(x)-3 2. For a real number y, let [y] denotes the greatest integer less
7. If(9)=9, /'(9)=4,then Lim \/_— equals............ tan(xx — 7])
*9 -3 than or equal toy : Then the function f(x)= 1t—21t
(1988 - 2 Marks) 1+[x]
8. ABCisanisosceles triangle inscribed in a circle of radius 7. is (1981 - 2 Marks)

If AB = AC and 4 is the altitude from 4 to BC then the
triangle ABC has perimeter P=2 (\ 2hr — h? )++/2hr) and

(1989 - 2 Marks)

(a) discontinuous at some x

(b) continuous at all x, but the derivative /' (x) does not
exist for some x

(©) f'(x)exists for all x, but the second derivative f” (x)
does not exist for some x

(d) f'(x)exists forallx



10.

([
There exist a function f'(x), satisfying f(0) =1, f'(0) =-1,
f(x)>0forallx, and (1982 - 2 Marks) @)

(@ f"x)>O0forallx (b) —-1<f"(x)<O0forallx
©0 -2<f"(x)<-1forall (d) f"(x)<-2forallx
If G(x)=-V25- x> then lim Gx)-60) has the value

x—1 x-1

(1983 - 1 Mark)
1 1
24 ® 3
© -4

If fla)=2, f'(a)=1, g(a)=-1, g'(a)=2, then the
gx)f(@)-g@)f(x) i

xX—a

@

(d) none of these

value of lim (1983 - 1 Mark)

x—a

1
® <

(d) none of these
In(1+ ax) — In(1- bx)
X

@@ -5
© 5

The function f(x)= is not defined

at x =0. The value which should be assigned to fat x=0 so
that it is continuous at x =0, is (1983 - 1 Mark)
@ a-b (b) a+b

(©) Ina-Inbd (d) none of these

lim {L+L+ +L}' 1
now|1-p2 1-n2 = 1-p2] 1SCqua to

(1984 - 2 Marks)

@@ 0 (b) —%
© 3 (d) none of these
If f(x)= Si[“[]x], [x]#0 (1985 - 2 Marks)
X
=0, [x]=0

Where [x] denotes the greatest integer less than or equal
to x. then lim f(x) equals —

x—0
@ 1 (b) 0

© -1 (d) none of these
Letf: R — Rbeadifferentiable function and f(1)=4. Then

f(x)
the value of 1im j ——dt is
x>l X~ 1

@ 8/ b 470 © 2710 @ fO
Let [.] denote the greatest integer function and

f(x) =[tan? x], then: (1993 - 1 Mark)

(1990 - 2 Marks)

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

Topic-wise Solved Papers - MATHEMATICS
im | £ (x) does not exist
(b) f(x)is continuous atx=0
(¢) f(x)isnot differentiableatx=0
@ fO=1

The function f{x) = [x] cos (

2x2— 1) n , [.] denotes the greatest

integer function, is discontinuous at (1995S)

(@ Allx (b) All integer points
(¢) Nox (d) xwhichisnotan integer
2n
lim l z

(1997 - 2 Marks)

’
——=——==e¢quals

W e

@ 1+45 ©) -1+45© -1+v2 @ 1+42

The function f{x) = [x]> — [x?] (where [y] is the greatest integer

less than or equal toy), is discontinuous at (1999 - 2 Marks)

(a) all integers

(b) allintegersexcept 0 and 1

(c) all integers except 0
(d) allintegers except 1

The function f (x) = (x* —1) | x2 =3x+2|+cos(|x|) is
NOT differentiable at (1999 - 2 Marks)

(@ -1 ® 0 (© 1 @ 2
xtan 2x-2x tan x (1999 - 2 Marks)
=0 (1 - cos2x)?
@ 2 ®) =2 © 12 @ -172
For x R, xll_lggo(i;;) = (20008)
@ e (b) e © e? @ &
. 2
lim S(TCOS"X) ¢ 2 als (2001S)
x—0 x2
(@ -« ®b) = () m2 @ 1

The left-hand derivative of f{x) = [x] sin(n x) atx =k, k an
integer, is (2001S)
@ Dik-Dn b DFlk-1m

© (1fkn @ 1 kn

Letf: R — Rbea function defined by f(x) = max {x,x?}. The
set of all points where £ (x) is NOT differentiable is(2001S)
@ {-L1} ® {10} (© {01} (@101}
Which of the following functions is differentiable at x = 0?
(@) cos(lx])+ x| (®) cos(x)—Ixl  (2001S)
() sin (lx[)+ x| (d) sin(x])— x|

The domain of the derivative of the function

tan'x  if |x|<1
= i 20028,
/&) %(lxl—l) if|x|>1lS (20025)
(@ R-{0} (b R-{1}

© R-{-1;
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Limits, Continuity and Differentiability

22.

23.

24.

26.

27.

28.

29.

30.

31.

(cosx—1)(cosx—e*) .

The integer n for which lim is a finite
x—0 x"

non-zero number is (2002S)

@@ 1 b 2 () 3 d 4

Let f:R— Rbe such that f(1)=3 and (1) =6. Then

( fa+x\"*

x_)OL 0 J equals (2002S)
@ 1 (b) e'? © & @ &
If lim (@ =nynx— Ztan x)sin nx = 0, where n is nonzeroreal
x—0 X
number, then a is equal to (2003S)
n+l 1
@ o b) — © n @ n+-

L S@he2+ )= f2)

[ Ty
(a) does not exist (b) isequal to—3/2

(c) isequalto3/2 (d) isequalto3 (2003S)
If (x) is differentiable and strictly increasing function, then

.giventhat /" (2)=6andf'(1)=4

f6H-f () .
the value of )}1_% 10)- f(O) (2004S)
@ 1 (b) 0 (¢ -1 @ 2
The function given by y=||x| — 1] is differentiable for all real
numbers except the points (2005S)
(@ {0,1,-1} (b) +1 (c) 1 (@ -1

If £ (x) is continuous and differentiable function and
f(1/n)=0 vy n>1land n €1, then (2005S)
(@) fx)=0,xe(0,1]

(b) f10)=0,1'(0)=0

(©) f10)=0=,"(0), x €(0,1]

(d) f(0)=0andf"'(0) need not to be zero

1/x

The value of lim ((Sil‘l )V ¥ 4 (14 x)50% ) , where x>0 is
x>0
(2006 - 3M, -1)
@@ 0 (b) -1 © 1 d 2

Let f (x) be differentiable on the interval (0, ) such that
2fx)-x21(1)

f()=1,and lim =1 for each x> 0. Then
t—x

t—x
fx)is (2007 - 3 marks)
1 2x -1 4 -1 2 1
(@) 3_x+T (b) 3—+—() o +x2 (d) .
seczx
[ roa
lim —2 >— equals (2007 - 3 marks)
xoZ 2 T
ST
@ §f 2 ® Ef 2 (© Ef [l) d 4/
T 4 o \2

32.

33.

34.

36.

o M-67

(x-=1)"

Let g(x)=————
logcos™ (x—1)

; 0<x<2,m and n are integers,

m#0, n>0,and let p be the left hand derivative of |x — 1|

atx=1.If lim g(x)=p, then (2008)
x>t

@ n=1,m=1 ® n=1,m=-1

) n=2,m=2 d n>2,m=n

. 2 1/x .2
If lim [1+x tn(+b )] = 2bsin0,b> 0 and 0 e(—m, 7],
x—0

then the value of 0 is (2011)
n n n n
= = +— =
@ *; Ot © g @ *
x?+x+1
If lim | =———""—gx—b |=4, then (2012)
x>0  x+1
@ a=1,b=4 (b) a=1,b=-4
() a=2,b=-3 d) a=2,b=3
2
0
Let f(x)= COS ,xRthen fis  (2012)
0, x=0

(a) differentiable both at x=0and atx=2

(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=0nor atx=2

Let a(a) and B(a) be the roots of the equation

(A+a-1)x*+(Vi+a-1)x+($1+a-1)=0 where

a>-1.Then lim Ot(a)and hm B(a) are (2012)
a—0" -0t
(a) —gandl b) —% and—1
7 9
¢) ——and2 d) —Zand3
© 2 (d) Zan

1 » 3 MCQs with One or More than One Correct

If x+| y|= 2y, then y as a function of x is (1984 - 3 Marks)
(@) defined for all real x

(b) continuous atx=0
(c) differentiable for all x

dy 1
(d) such that i 3 forx<0
If f(x)=x(x —x+1), then— (1985 - 2 Marks)
(@ f(x)is continuous but not differentiable at x=10
(b) f(x)isdifferentiable atx=0
(¢) f(x)isnotdifferentiable atx =0
(d) none of these



The function f(x)=1+|sin x| is
(a) continuous nowhere

(b) continuous everywhere

(c) differentiable nowhere

(d) not differentiable at x =0
(e) notdifferentiable at infinite number of points.

Let [x] denote the greatest integer less than or equal to x. If
fix)=[xsin nx],thenfx)is (1986 - 2 Marks)
(a) continuousatx =10 (b) continuousin(—1,0)
(c) differentiableatx=1 (d) differentiablein(—1,1)
(¢) none of these

(1986 - 2 Marks)

The set of all points where the function f{x) = s
(+]x1)

differentiable, is (1987 - 2 Marks)
@ (—o0,x) (b) [0,0)
©) (=0,0)(0,) (@ (0,0)
(e) None

|x-3], x21
The function f{x)={ x2 3x 13 is

——+—, x<I1

4 2 4

(1988 - 2 Marks)
(b) differentiable atx=1
(d) differentiable at x=3.

(a) continousatx=1
(¢c) continousatx =13

Iff(x)= %x— 1, then on the interval [0, 7] (1989 - 2 Marks)

(a) tan [f{x)] and 1/f(x) are both continuous
(b) tan [f{x)] and 1/f{x) are both discontinuous

() tan[fix)]and f~!(x)are both continuous
(d) tan [f{x)] is continuous but 1/f{x) is not.

1/%(l—cost)

X

The value of lim (1991 - 2 Marks)
x—0

@ 1 (b)) -1
© 0 (d) none of these
The following functions are continuous on (0, ).
(1991 - 2 Marks)
(a tanx

T o1
tsin-dt
(b) ’(‘;Slnt

1, 0<x$3277E
(©)
.2 3n
2sin—x, —<x<T
9 4
xsinx, 0<x$%
@
T . s
—sin(t+x), —<x<T
2 2

10.

11.

12.

13.

14.

16.

17.

Topic-wise Solved Papers - MATHEMATICS

, x<0
) 0 then for all x (1994)

X, x2

0
Let f(x)= {

(a) f"isdifferentiable
(c) f'is continuous

(b) fis differentiable
(d) fis continuous

1
xsin—, x#0

Let g(x)=xf{x), where f(x)= X Atx=0
0, x=0

(a) g is differentiable but g' is not continuous

(b) gis differentiable while fis not

(c) both fand g are differentiable

(d) gisdifferentiable and g' is continuous

The function f{x) = max {(1 —x), (1 +x),2}, x €(—o0, ) is

(1995)

(1994)

(a) continuous at all points

(b) differentiable at all points

(c) differentiable at all points except atx=1andx=—1

(d) continuous at all points except at x =1 and x = —1,
where it is discontinuous

Let A(x) =min {x, x*}, for every real number of x, Then

(1998 - 2 Marks)

(@) his continuous for all x

(b) hisdifferentiable for all x

(¢ hx)=1,forallx>1

(d) A isnot differentiable at two values of x.

lim J1—cos2(x—1)

1 (1998 - 2 Marks)

x—1
(@) existsand it equals /2

(b) exists and it equals —,/2

(c) does not exist because x -1 — 0

(d) does not exist because the left hand limit is not equal
to the right hand limit.

If fix)=min {1,x2, x?}, then

(@ f{x)iscontinuous Vx € R

(b) flx)is continuous and differentiable everywhere.

(¢) flx)isnot differentiable at two points

(d) flx)isnot differentiable at one point

(2006 - 5M, -1)

2
a-a*-x* - %
Let L= lim 1 4,a>0.
x—0 X
If L is finite, then (2009)
1 1
@ a=2  © a=1 © L=g @L=3;

Let f: R—Rbea function such that f(x +y)= f(x)+ f(»),
Vv x,y € R.If f(x) is differentiable at x =0, then (2011)

(@) f(x)isdifferentiable onlyin a finite interval containing
Zero

(b) f(x)iscontinuous ¥ x € R

(¢©) f'(x)is constant ¥ x € R
(d) f(x)isdifferentiable except at finitely many points.
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Limits, Continuity and Differentiability

/4 /4
-X-—=, X<——
2 2
/4
18. Iff(x)=y-c0sx , —E<xs0,then (2011)
x-1 0<x<1
Lnx ) x>1

. . ¥
(a) f(x)iscontinuous at x = 5

(b) f(x)isnot differentiable atx=0
(¢) f(x)isdifferentiable atx=1

(d) f(x)is differentiable at x = —%

19. For every integer n, let a, and b, be real numbers. Let
function f: IR — IR be given by (2012)

a, +sinmx, for xe[2n,2n+1]

f(x)={

b, +cosmx, for xe(2n-1,2n)

for all integers n. If f is continuous, then which of the
following hold(s) for all n ?

@ a,,-b6,,=0 ®) a,-b,=1
© a,-b,,=1 d a,;—-b,=-1
20. Fora e R (theset ofall real numbers), a=—1,
(JEE Adv. 2013)

- (1+2%+. +n?) 1

n— (n+1)*'[(na+1)+(na+2)+..+(na+n)] 60
Thena=
@ 5 b 7 (©) __;5 @ __;7

21. Let f: [a, b] —> [1,00) be a continuous function and let
g: R — Rbe defined as (JEE Adv. 2014)

0, if x<a,

X

jf(t)dt, if a < x < b; then
a

b

[f(@)ae, if x>b.

a

(a) g(x) is continuous but not differentiable at a
(b) g(x)isdifferentiable on R
(c) g(x) is continuous but not differentiable at b

(d) g(x)is continuous and differentiable at either (a) or (b)
but not both

2. f(x)istheintegral of

22. For every pair of continuous functions £, g : [0, 1] — R such

that max {f(x) X e[O,l]} = max {g(x) X e[O,l]} , the
correct statement(s) is (are): (JEE Adv. 2014)
@ () +3f(c)=(g(c))* +3g(c) for somec ¢ [0, 1]
b)  (f(0))* +£(c)=(g(c))* +3g(c) for somec ¢ [0, 1]
© () +3f(c)=(g(c))* +g(c) for somec e [0, 1]
@ (f(c))*=(g(c))? for somec € [0, 1]

23. Letg: R — Rbea differentiable function with g(0)=0,

Z 0
g'(0)=0andg'(1)#0. Let f(x)= mg(x), x#

0, x=0

and h(x) = e for all x e R . Let (foh)(x) denote f{A(x)) and
(hof)(x) denote A(f(x)). Then which ofthe following is (are) true?

(JEE Adv. 2015)
(a) fisdifferentiable atx=0
(b) his differentiable atx =0
(c) fohisdifferentiable atx=0
(d) hofis differentiable at x =0
24. Leta,b e Randf: R— R be defined by
f(x)=a cos (jx>*—x|) + b [x| sin (|x* +x]).
Then fis
(a) differentiable at x=0 if a=0 and b=1
(b) differentiable at x=1 ifa=1 and b=0
(¢) NOT differentiable at x=0 if a=1 b=0
(d) NOT differentiable at x=1 ifa=1 and b=1

(JEE Adv. 2016)

1
25. Letf: [—%,2]—) Rand g: [—5,2}—>R be functions

defined by f(x) = [x>-3] and g(x) = [x|f(x) + |4x—7 | f(X), where
[y] denotes the greatest integer less than or equal to y for
y e R. Then (JEE Adv. 2016)

1
(a) f isdiscontinuous exactly at three points in [—5, 2]

1
(b) f is discontinuous exactly at four points in [‘5, 2]

(c) g is NOT differentiable exactly at four points in
7]
2

1
(d) gisNOT differentiable exactly at five points in (— 3’ 2]

E Subjective Problems

. Na+2x —\/3_x
1. Evaluate lim

——— (a#0
xsaBa+x-2x (@=0)

(1978)

2sinx —sin2x

3

,x#20,find lim f(x)
X x—0

(1979)



10.

11.

12.

13.

(a+ h)2 sin(a + h) ~a’sina
h

Let f(x +y)=f(x) +f(y) for all x and y. If the function f{x)
is continuous at x = 0, then show that f(x) is continuous at
allx. (1981 - 2 Marks)

Evaluate: lim (1980)
h—0

X

im* L -ma to find

x>0 X

Use the formula

2% -1
lim —— -
Pt (1+x)1/2 ) (1982 - 2 Marks)
1+x,0<x<2

(1983 - 2 Marks)
3—-x,2<x<3

Let f(x) ={

Determine the form of g(x) =f1 f{x) and hence find the points
of discontinuity of g, if any

x2

Let f(x)=1 2
2x2—3x+§,1SxS2

,0<x<1
(1983 - 2 Marks)

Discuss the continuity of f, f"and f" on [ 0, 2].
Let f(x)= x>—x%+x+1 and

g(x)=max{f(t);0<t<x}, 0<x<1 (1985 -5 Marks)
= 3 —-X 0 S X S 2

Discuss the continuity and differentiability of the function

g(x) in the interval (0, 2).

Let f(x) be defined in the interval [-2, 2] such that

-1,-2<x<0
x-10<x<2

f(X)={

and g(x)=/f(|x|)+|/(x)|

Test the differentiability of g(x) in (- 2, 2).(1986 - 5 Marks)

Let f (x) be a continuous and g (x) be a discontinuous

function. prove that f(x) + g (x) is a discontinuous function.
(1987 - 2 Marks)

Let f(x) be a function satisfying the condition f(— x)=f(x)

for all real x. If /"' (0) exists, find its value.(7987 - 2 Marks)
Find the values of a and b so that the function

X+a~2sinx, 0<x<nm/4
fx)=1{2xcotx +b n/4<x<m/2
a cos 2x—b sin x . n/2<x<m

is continuous for 0 < x < . (1989 - 2 Marks)
Draw a graph of the function y=[x]+|1-x|, -1<x<3.

Determine the points, if any, where this function is not
differentiable. (1989 - 4 Marks)

14.

16.

17.

18.

19.

20.

21.

22.

Topic-wise Solved Papers - MATHEMATICS

1—cc;s4x’ £ <0
X
Let f(x) =44, x=0 (1990 - 4 Marks)
L, x>0
V16+/x -4

Determine the value of a, if possible, so that the function is
continuous at x =0

A function f: R — R satisfies the equation f(x +y)=f(x) f(»)
forall x,yin Randf(x) = O for anyxin R. Let the function be
differentiable at x =0 and f” (0) =2. Show that f”(x) =2 f(x) for
all x in R. Hence, determine f(x). (1990 - 4 Marks)

Find ™ (tan(n/4+ x)}!/* (1993 - 2 Marks)

{1+ | sin x [}#/ksin~] %< x<0
Let f(x)=]| b ; x=0
ptan2x/tan3x © 0< x<%

(1994 - 4 Marks)
Determine a and b such that f{x) is continuous at x =0

Letj(x;y)=f(x);f(y) for all real x and y. If £'(0)

exists and equals— 1 andf(0) =1, find f(2). (1995 - 5 Marks)
Determine the values of x for which the following function
fails to be continuous or differentiable: (1997 - 5 Marks)

1-x, x<1
fx)=10-x)(2-x), 1<x<2 Justify your answer.
3—x, x>2

Let f(x), x > 0, be a non—negative continuous function, and

let F(x)= I f (@) dt,x=0.Iffor some c> 0, f(x) < cF(x) for all
0

x >0, then show that f{x) =0 for allx > 0. (2001 - 5 Marks)
Let o € R. Prove that a function f/: R — R is differentiable at
o if and only if there is a function g : R — R which is
continuous at o and satisfies f{x) — flor) = g(x) (x — o) for all

xeR (2001 - 5 Marks)
Let foy=1*t% 1 x<0 4 (20025 Marks)
et f(x)= an - 5 Marks
|x-1] if x20,
x+1 if x<0
gx)= ) . where a and b are
(x=-D)"+b if x>0,

non-negative real numbers. Determine the composite function
g of If (g of) (x) is continuous for all real x, determine the
values of @ and b. Further, for these values of a and b, isg o
f differentiable at x = 0? Justify your answer.

GP_3480



Limits, Continuity and Differentiability ®

23. Ifafunction f:[-2a, 2a]— R is an odd function such that 1 o ) ) )
25. If|c| £ = and f{x) is a differentiable function atx =0 given

fix)=f2a—x) for x €[a, 2a] and the left hand derivative at 2
x =a is 0 then find the left hand derivative at x =—a.
(2003 - 2 Marks) bsin~! (_C; x) , _% <x<0
24.  f'(0)= lim nf(l) and f(0) = 0. Using this find 1
nowo = \n by f(x)= > R x=0
/2
lim ((n+1)zcos_1 (l)—n) cos_ll <I el O<x<l
n—w T n nl 2 x ’ 2

(2004 - 2 Marks) Find the value of ‘a’ and prove that 64 b*> =4 — c2

(2004 - 4 Marks)
26. If f(x—y)=f(x)-g(»)—f(»)-g(x) and

g(x—y)=g(x)-g(») - f(x)- f(y) forall x, y eR.
Ifright hand derivative at x =0 exists for f{x). Find derivative
of g(x)atx=0 (2005 - 4 Marks)

| 38 Integer Value Cerrect Type

DIRECTIONS (Q. 1 and 2) : Each question contains statements given in two columns, which have to P qr s t
be matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-
11 are labelled p, q, v, s and t. Any given statement in Column-I can have correct matching with ONE Al@Q0O00
OR MORE statement(s) in Column-11. The appropriate bubbles corresponding to the answers to these B @@0@ @
C
D

questions have to be darkened as illustrated in the following example : (1] 1GOOI
If the correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of ®©OQOO®
bubbles will look like the given.

1. In this questions there are entries in columns I and I1. Each entry in column I is related to exactly one entry in column II. Write

the correct letter from column II against the entry number in column I in your answer book.

Column 1
(A) sin(z[x])
B) sin( 7 (x{x])

Column I1

(p) differentiable everywhere
(q) nowhere differentiable

(1992 - 2 Marks)

(r) notdifferentiable at 1 and — 1
2. In the following [x] denotes the greatest integer less than or equal to x.
Match the functions in Column I with the properties in Column II and indicate your answer by darkening the appropriate
bubbles in the 4 x 4 matrix given in the ORS. (2007 - 6 marks)
Column1 Column I1
(A) x|x| (p) continuousin (-1, 1)
B) x| (q) differentiablein (-1, 1)
© x+]x] (r) strictlyincreasingin (-1, 1)
D) |x-1]+|x+1] (s) not differentiable at least at one point in (-1, 1)

DIRECTIONS (Q. 3) : Following question has matching lists. The codes for the list have choices (a), (b), (c) and (d) out of which ONLY
ONE is correct.

3. Let fi:R—>R, f5:[0,0)>R, fy:R—>R and f; :R—[0,0)be defined by fl(x)={

sinx if x<0,

Hx)=x% f3(x)={x if x>0; and f4(x)={

£ (i ()
fH(A(x)-1if x=0.

|x| if x<O,

e* if x>0

if x<0,

(JEE Adv. 2014)



f(x)=|x|+1and g(x)=x2+1. Define h: R — R by

® Topic-wise Solved Papers - MATHEMATICS
List-I List-IT
P. f,is 1.  Onto but not one-one
Q fiis 2. Neither continuous nor one-one
R fyof|is 3. Differentiable but not one-one
S. fyis 4. Continuous and one-one
P QR S P QR S
@ 3 1 42 ®b) 1 3 42
© 3 1 2 4 @ 1 3 2 4
@l Integer Value Correct Type , max {f(x),g(x)} if x<0,
X)=
Letf:[1,00) — [2,o0)beadifferentiable function such that min {f(x),g(x)} if x>0.
X . . . . . .
The number of points at which A(x) is not differentiable is
1)=2.1f 6[ f(r)dt = —x>forall x>1,then th
S 6{ f()dt =3xf(x)—x forall x en the (JEE Adv. 2014)
value of f(2) is (2011) 4. Let m and n be two positive integers greater than 1. If
The largest value of non-negative integer a for which
(ecos(a") _e\
I=x lim L J = (Ej then the value of z is
—ax+sin(x—1)+a)|1-Jx a0 o™ S\2
tim |G al e Lo Gep 2014 4
x—>1| x+sin(x—1)-1 4
(JEE Adv. 2015)
Let f:R— Rand g:R— Rbe respectively given by . xZsin(Bx)
5. Leta, P € R be such that lim ————= = 1. Then

x—0 0X —sin X

6 (o+B) equals. (JEE Adv. 2016)

il Section-B

Jl-cos 2x

lim ~————
T o S [2002]
@ 1 (b) -1
(¢) zero (d) does not exist
(xz +5x+ 3\)‘
Lim| ———
x—>°°L x2+x+3 [2002]
@ & (b)e? ©é @ 1
- ()= im Y @-2f ().
Letf(x)=4and /' (x)=4. Then ,%lf)lz 2 is
given by [2002]
(@ 2 (b) -2 (c) -4 @ 3
lim 17 +2P +3P + _ +n? is 2002
n—0 nP*1 l |
1 1 i1 1
® o7 O, ©,7550 55

n

lim logx——[x],n e N, ([x] denotes greatest integer less
x—0 X

than or equal to x) 12002]
(@) has value -1 (b) has value 0

(c) hasvalue 1l (d) does not exist

- 1 — : \/f(x) -1 .

IfAH=1,'(1) 2,thenxl£1)11 —\/;_1 is 12002]
@ 2 (b) 4 ©1 d 12
fisdefinedin [-5, 5] as 12002]

Slx)=xifx is rational
=—x ifx is irrational. Then
(a) flx)iscontinuous at every x, except x =0
(b) flx)is discontinuous at every x, exceptx =0
(¢) flx)is continuous everywhere
(d) flx) is discontinuous everywhere

fix) and g(x) are two differentiable functions on [0, 2] such
that f"(x)-g"(x)=0, f'(1)=2¢g'(1) =4/2)=3g(2)=9
then flx)—g(x)atx=3/21s 12002]
@@ o (b)2

(c) 10 d 5

GP_3480



Limits, Continuity and Differentiability

9.

10.

11.

12.

13.

14.

16.

If f(x+y)=f(x).f(¥)Vx.y and f(5)=2, f'(0)=3,then

£5)is [2002]
@@ 0 ()1 (©) 6 @ 2
4 a4 4 3, 23 3
lim 1+2 +35 +..n ~ lim 1+2 +35 +..n [2003]
n—o n n—»e n
1 sl @ L
@ 3 ® 3, (¢) Zero @ 3
If lim 108G N 10830 _ 4 e value of k is [2003]
x>0 X
R
@ ~3 (b) © 3 @ 3
2
X
[ sec? rdt
The value of lim 41— s [2003]
x—>0 XxSinx
(@0 (b3 (c) 2 @1

Let f(a)=g(a) =k and their nth derivatives

f"(a),g" (a) existand are not equal for some n. Further if

f(@)g(x) - f(a)-g@fN)+f(@ _,

lim
x—a g(x)— f(x)
then the value of kis [2003]
(@) 0 (b) 4 ()2 1
| {1 - tan(;ﬂ[l —sinx]
lim is [2003]
x-’% {1 + tan (;ﬂ[n — 2x]3
b L 1
(@) ®) ¢ )0 @ 33
1,10
If f(x)=1xe U ")  x#0 thenf(x) is [2003]
0 ,x=0

(a) discontinuous every where

(b) continuous as well as differentialble for all x

(c) continuous for all x but not differentiable at x=0
(d) neither differentiable nor continuous atx =0

im \2¥
If im {y,@, b )" _2 then the valuesofaand b, are
x—)ooL X xZJ ’
[2004]
(@ a=landb=2 (b) a=1beR
(© aeRb=2 (d) aeRbecR

17.

18.

19.

20.

21.

22.

23.

24.

o M-73
1-tanx T 4
= x#*— 0,—1|. i i
Let f(x) arn 2% G[ , 2] Iff(x) is continuous
i i
in [0, 5],then f (Z) is [2004]
1
(@ -1 () > © -3 @ 1
. 1 >l 2 L, 4 5
Lim | —sec” —+—sec” —........... +—sec”1
n—)00|in2 n2 n2 n2 n :|
equals [2005]
(@) lsecl b) 1 cosec 1
2 2
1
(C) tan 1 (d) 5 tan 1

Let o and P be the distinct roots of ax? +bx+c =0 then

1- cos(ax2 +bx+c)

lim is equal to [2005]
x—a (x—a)

a2
(@ 7(oc—ﬁ)z ()0

2

=4 )2 1 _p2
© > (a—PB) (@) 2(0t B)
Suppose f(x) is differentiable at x = 1 and
lim lf(1+h)=5,then f'() equals [2005]
h—0h

@@ 3 (b) 4 ()5 @ 6

Let f be differentiable for all x. If f(1)=—2 and f'(x) > 2 for
x € [1, 6], then [2005]
@ f(6)=28(b)f(6)<8 (0)f(6)<5 (@) f(6)=5
Iffis a real valued differentiable function satisfying

/) =f0)| < (x=»)*, %,y € Randf(0)=0, then /(1)
equals [2005]
@ -1 ()0 (c) 2

Let f: R — R bea function defined by

@1

Sf(x)=min {x+1,|x|+ 1} , Then which ofthe following is true ?

(@ f(x)isdifferentiable everywhere [2007]

(b) f(x)isnot differentiableatx=0

(©) f(x)> 1forall xR
(d) f(x)isnot differentiable atx =1

The function f:R/{0} > R given by 12007]

i —

X e2x _1

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

@ 0 ()1 © 2 d -1



26.

27.

28.

29.

30.

e Topic-wise Solved Papers - MATHEMATICS
1 31. Consider the function, f(x)=|x — 2|+ |x—5|,x€R.
(x—1)sin—ifx =1 Statement-1:/'(4)=0
Let f(x)= x—1 ) [2008] Statement-2 : fis continuous in [2,5], differentiable in (2,5)
0 ifx=1 and f(2)=1(5). [2012]
Then which one of the following is true? (a) Statement-1 15 false, Statement-% Istrue. .
. . . _ _ (b) Statement-1 is true, statement-2 is true; statement-2 is
(@) fisneither differentiable at x=0 nor atx=1 .
- . _ _ a correct explanation for Statement-1.
®) f ?S deferent%able atx=0 andatx=1 (c) Statement-1 is true, statement-2 is true; statement-2 is
(c) fis differentiable at x =0 but notatx=1 not a correct explanation for Statement-1.
(d) fisdifferentiable atx =1 but notatx=0 (d) Statement-1 is true, statement-2 is false.
Let f: R —> R be a positive increasing function with _ (I-cos2x)(3+cosx) .
13%) 1% 32. )1‘1_1)1}] < tandx isequalto  [JEEM2013]
lim =———==1.Then lim ~——=*= [2010]
x—o f(x) x>0 f(X) 1 1
@ -7 ©®F O @ 2
2 3
@ 3 ®) 5 ©3 1 ' ( X )
sin{mcos” x
33. i i 1 to: JEEM 2014
o [Jimcos2G-2)) v R ! I
i (2011 ]
@ -n Ok © 5 @1
(@) equals /2 (b) equals — /2 2
. (I-cos2x)(3+
1 , 34, lim{ZC0S20CHCOS) o alto:  JEEM2015|
(c) equals E (d) does not exist x>0 xtan4x1
The values of p and g for which the function [2011] @ 2 ®) 2 () 4 @3
35. Ifthe function.
sin(pthxtsinx kvx+1, 0<x<3
x ) ] ) (x)= is differentiable, then the value
fx=1q ,x=0 is continuous forall x in R, are mx+2, 3<x<5
/x+xz_\/; ofk+mis: [JEE M 2015]
FEES 10 16
@ 5 O+ @2 @ 5
5 1 3 1 36. Forx e R, f(x)=|log2 —sinx| and g(x) = f(f(x)), then :
@ pP=5.9=75 ® p=-5.9=7 [JEE M 2016]
(@ g'(0)=—cos(log2)
_1 3 13 (b) gisdifferentiable at x =0 and g'(0) =—sin(log2)
© p= 29173 O 29773 (c) gisnot differentiable atx =0
(d) 2'(0)=cos(log2)
Let f: R —» [0,0) be such that lim f{x) exists and .
x5 —
. ((n+1)(n+2)..3n |n
2 37. lim |[—~—————| isequalto: [JEEM2016]
lim (f (x)) -9 lim N0 n"
s —7——=—=0.Then 1 f{x)equals:
|x - 5| 9
a) 5 3log3-2
@ 0 (®) 1 © 2 @ 3 @ 2 (b) 3log
Iff: R —> R is a function defined by f (x) = [x] 18 27
2x-1 © @ @ 2
cos ( 2 )n, where [x] denotes the greatest integer .
function, then fis . [2012]  38. Let p= lim (1 +tan” Vx )K then log p is equal to :
. x—0
(@ cci)ntlnu'ous for every real x. [JEE M 2016]
(b) discontinuous only at x =0 ]
(c) discontinuous only at non-zero integral values of x. (a) 5 b) 2
(d) continuous only at x =0. © 2 @ 1
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