Limits, Continuity & Derivability

Bl Exercise-1 |

% Marked questions are recommended for Revision.

PART - 1: SUBJECTIVE QUESTIONS

Section (A) : Definition of LHL/RHL and Indeterminate forms

A-1. Examine the graph of y = f(x) as shown and evaluate the following limits :
y

A
3 Py °

I

A
\ 4
x

i) fim () (ii) fim () (iii) (im f(x) (iv) fim_ f(x)
(v) fim ()

A-2. Evaluate the following limits :

(1) ﬁin; (x + sin x) (i) ﬁin; (tan x — 2¥) (iii) €in31 X COS X
- — X%Z

(iv) Zim xx (v) fim —
X—5 x->1 SN X

A-3. Evaluate the following limits,
where [ . ] represents greatest integer function and { . } represents fractional part function

0] dm [sinx] (i) (im {g} (i) ¢im sgn [tan X]
x_,E X— X—7n
(iv) fin? sin=t (¢/n x)
X+1 x<1
A4 () Iff=4 0 0 XS evaluate fim f(x).
2x-3 , x21 X1
.. X+A , X<1 . .
(i) Let f(x) = , if Zim f(x) exist, then find value of A.
2x-3 , x21 x>1
xX*+2 , x>2 2X x>1
A5 Iff(x) = ’ and g(x) = ’ , evaluate /im f (g(x)).
) {1—x | ) 9(x) {3_)( Cx<1 ‘im f(9(x))
A-6.  Which of the followings are indeterminate forms. Also state the type.
(@ ‘im X , where [ . ] denotes the greatest integer function
x—>0" X
(ii) fim Ax*+1 —x (iif) fim (tan x)@nx

2
1

(Va  fim ({x})m where { . } denotes the fractional part function

x—-1"
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Limits, Continuity & Derivability

SECTION (B) : Evaluation of limits of form 0/0, o/o0, 0 — o0, 0 x 0, Use of L-Hospital
Rule & Expansion

B-1.  Evaluate each of the following limits, if exists
3 _ 3 _ 2 _
() €imx 3x+1 (i) sim 42( x3+2x 5
-1 x-1 x>l X° +5X° -2x -4

Giy  fim Na+2x - 3x ax
wa fBat+x —24x

B-2.  Evaluate the following limits, if exists

0

() Jim 1-cos4x (i) sim \/§smx—cosx
x>0 1-c0os5x x> T
6 X—=—
6
(i) Jim 180 3x_—22x (Vs  fim (a+x)’sin(a+x)—a’sina
x=>0 3X —Sin® X x>0 X
bx _ nax X e2+>< _ e2
(v) /im u, where0<a<b (vi) /im Q
x>0 X x>0 1-COoSX
(vii) Jim 1+ 3x) (viii) sim i (2+x)+¢n 05
x—0 3* -1 x>0 X
yl— COS 2X
()  FindneN,if fmX—2 =go. (x) im L2
x>2 X—=2 x—>0 X
(s fim (/n (1+Xx)-(n2)(3.4"-3x)

L [(7+X)° —(L+3%)*].sin(x —1)
B-3.  Evaluate the following limits.
3 o2 3[4
(i+£+....+izj (o fm 2P +l¥ntel
now 4t enS 42 —Yn” +3n° +1

(i) ¢im neN

X—0

X2 x? X

x> tan (12j + 3 |xP+ 7
X

(iii) ¢im (x/x2—8x+x) (iv) ¢im

x> x> = IxP+7|x| + 8

B-4. Evaluate the following limits.
5

M m ((X+1)§—(X—1)§J (i) im (X+2);:;a+2)2

(iii) X@Lngo cos (M) - cos(«/;)

(iv) fim [((x+1) (X+2) (x+3) (x+4))%— xj

B-5. Evaluate the following limits using expansions :

3 : e* —1-sinx tan’ x
2 _ 5 -4 -
(i) fim 27 —(A5x+2) (iiys. fim
X—2 l Xx—0 X3
(7x+2)* =x
B-6  If fim 2FPRSINX—COSX+CE .o find the values of a, b, c. Also find the limit

x—0 X3
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Limits, Continuity & Derivability

B-7. Find the values of a and b so that:
1+ ax sinx —b cos x

() €in?) n may have a finite limit.

X —> X
()=  ¢im (\/x“ +ax® +3x% +bx+2 —Yx* +2x° —cx’ +3x—d) =4
(i) €irrg axe*— b €n2 (.1+ X) + cxe _ 5

x> X“ sinx

B-8.w. Find the following limit using expansion ¢im

x—0

[én (1+x)(1”) 1}_

x? X

B-9.» Prove that €im4 (Cos a)” — (sin (Z) ~ C0s 2a
X — X J—

=cos*a /n (cos o) — sin* a /n (sin ), . € (0 . gj

tan(a+ 2h) - 2tan(a+h)+tana
h? '

B10. Find the value of Llrrg

SECTION (C) : Limit of form 0°, o, 1*, /im i , fim dl X Sandwitch theorem and
X—>00 e X—00 X
Miscellaneous problems on limits.
C-1 Evaluate the following limits :
(s dm (x)° (ii) fim (tan x)=>
x—0" o
X*)E
(i) tim ([X])**, where [ . ] denotes greatest integer function
x—>1
(iv) (im efanx
X2
C-2.  Evaluate the following limits :
0 fim (tan x)=n2 (iys  fim (“ ZXJ
X% x> | 143X
nx 1
. sec? . . T X
(iii) = (im (1+ ¢nx) (iv) tim (tan(ZerD

C-3  If 4im (1+ ax +bx? )H
Xx—1

e?, then find conditions on a, b and c.

C-4.  Evaluate following limits :

« [ X"
X In (l+ n Xj e’ sin exj
()= ¢im é X (ii) fim
X— 0 n X X— ©

1. 2x]+[2 . 3X]+.....+[n . (n+]) X]

3 , Where [ . ] denotes greatest integer function.

C-5. Evaluate /im

n—w n

2n

C-6m Iff(x)= fim Xz—_i ;neN find range of f(x).
n — o« X
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Limits, Continuity & Derivability

Section (D) : Continuity at a point

D-1.

D-2.x=

D-3.

D-4.

D-5.

D6.

sin (a +1) x + sinx

< for x< 0
Determine the values of a, b & ¢ for which the function f (x) = c for x=0
2 Y2 _ y1/2
(x+ b)l;))@/z X for x> 0
is continuous at x = 0.
1 - sind x
T oz x X < w2
Find the values of 'a' & 'b"' so that the function, f (x) = a , X = m/2 is continuous at
b (1 - sinx)
W , X > 7'[/2

X = /2.

If f(x) = {x} & g(xX) = [x] (where {. } & [.] denotes the fractional part and the integral part functions
respectively), then discuss the continuity of :

0) h(x) = f(x). g(x) atx =1 and 2 (ii) h(x) =f(x) +g(x) at x=1
(iii) h(x) =f(x) —g(x) atx =1 (iv) h(x) = g(x) + ,/f(x) at x=21and 2
fx) X #
Suppose that f(x) = x3 - 3x2—4x + 12 and h(x) =[x — 3 ' , then
K , X=3
€) find all zeros of f
(b) find the value of K that makes h continuous at x = 3
(c) using the value of K found in (b), determine whether h is an even function.

sin3x + A sin 2x + B sin X

If f(x) = c (x # 0) is continuous at x = 0. Find A & B. Also find f(0).
X
If graph of function y = f(x) is
2 -
1——o o——
0 1 2 3
and graph of function
y = 9(x)is
2——o0
1 —O

1 2
then discuss the continuity of f(x) g(x) at x =1 and x = 2.

Section (E) : Continuity in an interval, Continuity of composite functions, IMVT

E-1.

Find interval for which the function given by the following expressions are continuous :

: _ 3x+7 , _ 1%
® ) = x? —5X+6 0 ) [x]-1 2
iy f(x) = —“XZT (v)  f(x)=tan (“—Xj

1+ sin“ x 2

/\
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Limits, Continuity & Derivability

E-2.

E-3.

E-4.x

E-5.

E-6.

If f(x) = x + {- x} + [x], where [ . ] is the integral part & { . } is the fractional part function. Discuss the
continuity of f in (- 2, 2). Also find nature of each discontinuity.

2

If f(x) = ;((2 il and g(x) = tan X, then discuss the continuity of fog (x).

1+x ,0<x<2 . . . . .
Let f(x) = . Determine the composite function g(x) = f (f(x)) & hence find the point

3 -x ,2<x<3
of discontinuity of g, if any.
Find the point of discontinuity of y = f(u), where f(u) = % andu = .

2u° +5u-3 X+2

3
Show that the function f(x) = XI —sin X + 3 takes the value % within the interval

-2, 2].

If g(x) = (Jx = 1] + |4x — 11]) [x2 — 2x — 2], then find the number of point of discontinuity of g(x) in [% %j

{where [.] denotes GIF}

Section (F) : Derivability at a point

F-1.

F-2.a

F-3.

F-4.m

F-5.

F-6.

Test the continuity & differentiability of the function defined as underatx =1 & x = 2.

X ; X <1
f(x)= 2 - X ; 1< x< 2
-2 + 3x - x*; x> 2
1 for — w<x<0
A function f is defined as follows: f(x) = 1 + sinx for Osx<g
2
2+(x—£j for Tex <o
2 2

Discuss the continuity & differentiability at x = 0 & x = n/2.

Prove that f (x) = [x| cos x is not differentiable at x = 0

xmsin(l) ;X >0,

Show that the function f(x) = X is,
0 ;X =0
0) differentiable at x = 0, if m > 1.
(i) continuous but not differentiable at x =0, if 0 <m < 1.
(iii) neither continuous nor differentiable, if m < 0.

Examine the differentiability of f (x) = Vi-e™ atx=0.
ax>’- b if|x|<1
If f(x) = 1 ) is derivable at x = 1. Find the values of a & b.
- _| if [ x] > 1
X

/\
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Limits, Continuity & Derivability

Section (G) : Derivability in an interval

G-1. Draw a graph of the function, y = [x] + |1 — X| , -1 < x < 3. Determine the points, if any, where this
function is not differentiable, where [-] denotes the greatest integer function.

. . o X - 1 0< x<1
G-2.  Discuss the continuity & derivability of f (x) = 2
X . [X] ;1< x< 2

where [x] indicates the greatest integer x.

G-3.  Discuss continuity and differentiability of y = f(x) in [-2, 5] where [.] denotes GIF & {.} denotes FPF

[x] , Xel[-2, 0]
{x} , xe(0, 2)
f(x) = XZ C xel2 3)
1 e 5
log, (x—3)

2

G-4.». Check differentiability of f(x) = sgn (x23) + {cos[lx ﬂ + |x — 1|3 in [-2, 2] where [.] denotes GIF.
+

X2

G-5.  Discuss the continuity and differentiability of h(x) = f(x) g(x) in (O, 3) if
[ Xx=1]+]|x-2]

> , Xxe€(0,91)
f(x) = Fx}_jk {where [] denot GIF} and g(x) = 4 |x—1|+|x-2] , xe[L2)
3(Ix-1|+|x-2]) xel23)

. , ,

Section (H) : Functional equations and Miscellaneous

7
H-1. If f: R —> R satisfies f(x +y) = f(x) + f(y), for all x, y € R and f(1) = 2, then Z f(r) is :
r=1

f(1+cosx)—f(2)

H-2.  Iff'(2) = 4 then, evaluate lim 5
x>0 tan® x

H-3.  Let a function f : R —> R be given by f(x + y) = f(x) f(y) for all x, y € R and f(x) = 0 for any x € R. If the
function f (x) is differentiable at x = 0, show that f'(x) = f'(0) f(x) for all x € R. Also, determine f(x).

H-4.= Let f(x) be a polynomial function satisfying the relation f(x). f (Ej =f(x) +f [lj Vv x e R-{0} and
X X
f(3) = -26. Determine f'(1).
H-5.= Let function f(x) satisfying the relation f(x + y)+ f(x —y) = 2f(x).f(y), then prove that it is even function
H-6.  Let f(x) be a bounded function. L, = /im (f(x) — Af(x)) and L, = ¢im f(x) where A > 0. If L, L, both

existand L, = L, then prove that L, = —%.
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Limits, Continuity & Derivability

H-7.  Let R be the set of real numbers and f: R—>R be such thatforall x &y in R
[f(x)— f(y)| < [x—Y[*. Prove that f(x) is constant.

PART -1l : ONLY ONE OPTION CORRECT TYPE

Section (A) : Definition of LHL/RHL and Indeterminate forms
A-1. f'"(‘) sin™*((secx)) is equal to

(A) g B) 1 (C) zero (D) none of these

A-2.  Consider the following statements :

S;: fim L] is an indeterminate form (where [ . ] denotes greatest integer function).
x—>0" X

SZ : /im S|n—(3) =0
X —> o 3X

S,: tim |2 = S"X goes not exist.

x > = \ x+cos?x
n+2)!'+ (n+ D!

S,: fim neN)=0
4 n o (n+3)! ( )
State, in order, whether S, S, S,, S, are true or false
(A) FTFT (B) FTTT (C) FTFF (D) TTFT

A-3. €im1 (1 —x+[x—1] +[1 —x]) is equal to (where [.] denotes greatest integer function)
(A)O B)1 (Ot (D) does not exist
cos™(cosx)

x>0 sin~*(sinx)
(A)O B)1 (©)-1 (D) Does not exist

A4. is equal to :

SECTION (B) : Evaluation of limits of form 0/0, o/, o0 — o0, 0 x 0, Use of L-Hospital
Rule & Expansion

(xX*+27) n (x-2)

B-1. /im is equal to
X—3 (X2 - 9)
(A)—8 (B)8 ©)9 (D)-9
B-2. /im Gl is equal to
x>0 . (x x?
sin|—| M|l + —
(p] ( 3 J
(A)9p(/n4) (B) 3p (¢n 4)3 (C) 12 p (/n 4)3 (D) 27 p (/n 4)?
_sin(e"? -1)
B-3. fim ——— = is equal to
x->2 (n (x-1)
(A)O B)—-1 (©)2 (D) 1
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Limits, Continuity & Derivability

sin(¢n(1+x))

B-4. The value of ¢im - is equal to
x =0 ¢n(l+sinx)
(A) 0 ®) = © =+ (D) 1
2 4
1- 2(x-1
B-5.  ¢im N17C0s2(x-1)
Xx—1 X—-1

(A) exists and it equals 2
(B) exists and it equals —2

(C) does not exist because x —1 — 0
(D) does not exist because left hand limit is not equal to right hand limit.

hex® —41-2x

B-6.  The value of lim 3 is equal to
X=0 X + X
1 1
(A) 3 (B)1 €)-1 (D) - >
B-7.  The value of lim \E—— f12+cosx is equal to
x>0 sin® x
z z -z 7z
A) — B) — C) — D) —
(A) > (B) 4 (®) 8 (D) 3
-1 _
B-8.w= /im cos @ =X is equal to
x — 0" \/7
1
A = (B) 2 ©)1 (D)0
100
(Z xkj - 100
B-9. fim ~<=2 is equal to
x—1 X -1
(A) 0 (B) 5050 (C) 4550 (D) — 5050
x® sin 1 + X+ 1
B-10. /im —X is equal to
X o0 X+ x + 1
(A)O (B) % 1 (D) none of these
x? sin(lJ
B-11. im ———*/ s equal to
o Jox? 4 x+1
1 1 .
(A) 3 B)- = (©o (D) does not exist
n+1 n _ 2n
B-12. /im LZZ?’ ,n e Nis equal to
nowe 54 20 4 3
(A)5 (B) 3 1 (D) zero
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Limits, Continuity & Derivability

n —> «©

B-13.» /im ncos | - |sin| , h e Nis equal to:
4n 4n

T T I
A) — B) — C) — D) none of these
(A) 3 (B) 2 ©) 5 (D)
T
X_f
B-14.% (im 2| s equal to (where [ . ] represents greatest integer function)
«s™ | COSX
2
(A)-1 (B) 0 -2 (D) does not exist
B-15. b GV equal to (n e N)
noe  4n—(-1"
(A)—i (B) — §ifniseven;§ if nis odd
4 4 4
(C) not exist if nis even ; — %if nis odd (D) 1if nis even ; does not exist if n is odd
. 1.
B16. lim >+——|isequalto:
- 1-x x-1
1 1 .
(A) > (B) ~3 (C)-1 (D) Does not exist

X—0

B-17.» (im [x—x2 /n (1 + EDis equal to :
X

1 3 1
A) — B) — C) = D)1
A 3 ® 7 ©) 3 (D)
-
B-18. /im ﬁ is equal to
x>0 xX* sinx
1 1 1 1
A) = B) = C — D) =
(A) 2 (B) 5 (©) 12 (D) 8
H 2
B-19.= (im L&sz) is equal to
x = 0 fncos(2x” —X)
(A) 12 (B) —12 (C) 6 (D) -6
B-20. ng S|n(a+3h)—3$|n(a+hZ3h)+3sm(a+ h) —sina is equal to :
(A) cosa (B) —cosa (C) sina (D) sina cosa
SECTION (C) : Limit of form 0°, «® , 1=, sim = /im ™% Sandwitch theorem and
X—o @ X—>00 X
Miscellaneous problems on limits.
x+1
C-1. ‘im [X+ ] is equal to
xo>w | X —2
(A) e* (B)e™ (C) e? (D) none of these
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5
C-2. ¢im (1+tan2\/;)X is equal to

x — 0

(A) e° (B) e? ©e (D) none of these

1
C-3. Thevalue of ¢im (1+[x])"®™ is equal to (where [.] denotes the greatest integer function)

X—> —
4

(A)O B)1 Ce (D) et
C-4. fim (W] is equal to
xow | X5 — 44X 4+ 2
A) 1 (B) 2 () e D) e

1
C-5.  The limiting value of (cosx)s"* at x =0 s:

(A) 1 (B) e <o (D) none of these

. a\la)
C-6.n /im (2——) is equal to
X—a X

a 2a 2

(A e © (B)e * (C) e -~ (D)1

C-7. /im [cosij is

N> \/ﬁ
(A) e (B) e? () e* (D) e?
C-8.m If [x] denotes greatest integer less than or equal to x, then /im %( [ x] + [2°X] +...+ [n*X] ) is
n— o n
equal to
X X X X
A) = B) = c) = D) =
(A) 2 (B) 3 © 5 (D) 2

Section (D) : Continuity at a point

COs(sinx) — cosx
2

D-1.  Afunction f(x) is defined as below f(x) = , X# 0and f(0) =a

X
f(x) is continuous at x = 0 if 'a' equals
(A)O (B)4 €)5 (D) 6
D-2. Letf(x)= (x +%j [X]| ,when—2<x<2. where[.]represents greatest integer function. Then
(A) f(x) is continuous at x = 2 (B) f(x) is continuous at x = 1
(C) f(x) is continuous at x = —1 (D) f(x) is discontinuous at x =0

lo X2 —2x+5) , if 3 X 1 or x>1
D-3.  The function f(x) is defined by f(x) :{ Yoo +5) 4= %= g

4 , if x=1
(A) is continuous at x =1
(B) is discontinuous at x = 1 since f(1*) does not exist though f(1-) exists
(C) is discontinuous at x = 1 since f(1-) does not exist though f(1*) exists
(D) is discontinuous since neither f(1-) nor f(1*) exists.
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D-4.  Iff(x) =xsin (g(x+ 2[x])j , then f(x)is {where [.] denotes GIF}

(A) Discontinuous at x = 2 (B) Discontinuous at x = 1
(C) Continuous atx =1 (D) Continuous atx =3

Section (E) : Continuity in an interval, Continuity of composite functions, IMVT

m—m -1< x< O

E-1. f(x) = X ' is continuous in the interval [- 1, 1], then 'p' is
2x +1 , 0<x <1
X — 2
equal to:
(A) -1 (B) - 1/2 (C) 1/2 (D) 1
E-2. Let f(x) = Sgn(x) and g(x) = x (x?2 — 5x + 6). The function f(g(x)) is discontinuous at
(A) infinitely many points (B) exactly one point
(C) exactly three points (D) no point
E-3. Ify= ﬁ where t :il , then the number of points of discontinuities of y = f(x), x € R is
+t- X —
A1 (B) 2 (©3 (D) infinite
E-4.  The equation 2 tan x + 5Xx — 2 = 0 has
(A) no solution in [0, /4] (B) at least one real solution in [0, ©/4]
(C) two real solution in [0, n/4] (D) None of these

Section (F) : Derivability at a point

F-1. If f(x) = x(\ﬁ— Jx +1) , then indicate the correct alternative(s):

(A) f(x) is continuous but not differentiable at x = 0
(B) f(x) is differentiable at x = 0
© f(x) is not differentiable at x = 0

(D) none
1/x
X@eT+4) o _
F-2a Iff(x)=9 2_eW* , then f(x) is
o , x=0
(A) continuous as well differentiable at x =0
(B) continuous but not differentiable at x =0
© neither differentiable at x = 0 nor continuous at x = 0
(D) none of these
X .
F-3. If f(x) = —=——= be areal valued function, then
Jx+1-x
(A) f(x) is continuous, but f'(0) does not exist (B) f(x) is differentiable at x =0
(C) f(x) is not continuous at x =0 (D) f(x) is not differentiable at x = 0

F-4. The function f(x) = sin-*(cosx) is :
(A) discontinuous at x = 0 (B) continuous atx =0
(C) differentiable at x = 0 (D) none of these
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X+ {x}+xsin{x} for x=0
{ i b ” , where { . } denotes the fractional part function, then:

F-5.  Iff(x) =
=10

for x=0
(A) fis continuous & differentiable at x = 0 (B) fis continuous but not differentiable at x = 0
(C) fis continuous & differentiable at x = 2 (D) none of these.
2 _
Uﬂ+kﬂ1 5
dal ®
log,(a |[X] + [-X —— | for [x]#0; a>1
F-6.  Given f(x) = G(a X + 1) T X
3 +al
0 for x =0

where [.] represents the integral part function, then:

(A) fis continuous but not differentiable at x = 0

(B) fis continuous & differentiable at x =0

(C) the differentiability of 'f* at x = 0 depends on the value of a
(D) f is continuous & differentiable at x = 0 and for a = e only.

X2 —1
< T 1 , 0 < x £ 2
F-7.  Iff(x)= % (x3 - x? 2 <X <3 , then:
%(|x_4|+|2—x|),3<x<4

(A) f (x) is differentiable atx =2 & x =3 (B) f (x) is non-differentiable atx =2 & x =3
(C) f (x) is differentiable at x =3 but notat x =2 (D) f (X) is differentiable at x = 2 but not at x = 3.

Section (G) : Derivability in an interval

G-1. The set of all points where the function f(x) = I X | is differentiable is:
+|x

(A) (o0, ) (B)[0, ) (C) (2, 00w (0,0) (D) (0, )
G-2.-a If f (x) is differentiable everywhere, then :

(A) ‘f | is differentiable everywhere (B)| f |2 is differentiable everywhere

<o f ‘ f ‘ is not differentiable at some point (D) f+ ‘ f ‘ is differentiable everywhere

G-3. Letf(x) be definedin [-2, 2] by

max(xf4—x2 , \/1+x2) , —2<x<0
f(x)= , then f(x) :

min(x,l'4—x2 , x/1+x2) , 0 < x <2
(A) is continuous at all points (B) is not continuous at more than one point .
(C) is not differentiable only at one point (D) is not differentiable at more than one point

G-4.  The number of points at which the function f(x) = max. {a—x, a+Xx, b}, —o0 <X <, 0 <a <b cannot be
differentiable is:
A1 (B) 2 (©)3 (D) none of these

G-5. Letf(x) =x—x2and g(x) = {max f(_t)’ O<tsx Os<x=<1 , then in the interval [0, «)
sin mx, x>1
(A) g(x) is everywhere continuous except at two points
(B) g(x) is everywhere differentiable except at two points
(C) g(x) is everywhere differentiable except at x = 1
(D) none of these
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G-6.  Consider the following statements :

S;: Number of points where f(x) = | x sgn (1 — x2) | is non-differentiable is 3.

asinE(x+1) , X<0

S,: Defined f(x) = . , In order that f(x) be continuous at x = 0, 'a' should be
tanx —sinx %>0

NG '

equal to 1
2

S;: The set of all points, where the function ﬁxz | x | is differentiable is (-0, 0) U (0, )

S,: Number of points where f(x) = ——— - is non-differentiable in the interval (0, 3n) is 3.
sin™'(sinx)

State, in order, whether S, S, S,, S, are true or false

(A)TTTF (B)TTTT (C) FTTF (D) TFTT

G-7.  Consider the following statements :
sin (n [x—m))
1+[x]?
discontinuous atx=n+m, n el

S;: Let f(x) = , Where [ . ] stands for the greatest integer function. Then f(x) is

S,: The function f(x) = p[x + 1] + q [x — 1], (where [.] denotes the greatest integer function) is
continuous atx=1ifp+q=0

S;: Let f(x) = |[x] x| for — 1 < x < 2, where [.] is greatest integer function, then f is not differentiable
atx = 2.

S,: If f(x) takes only rational values for all real x and is continuous, then f'(10) = 10.
State, in order, whether S, S,, S,, S, are true or false

(A)FTTT (B) TTTF (C) FTTF (D) FFTF

G-8. For what triplets of real numbers (a, b, ¢) with a # 0 the function

X x <1
f(x) = > is differentiable for all real x?
ax“+ bx + ¢ , otherwise

(A) {(a, 1-2a,a)| aeR,a=0}

(B) {(a, 1-2a,¢c)| a,c e R,a=0}
(C){(a,b,c)l a,b,ceR,a+b+c=1}
(D) {(a, 1-2a,0) | a € R, a # 0}

Section (H) : Functional Equations and Miscellaneous

2 a—
H-1.  Given that f'(2) = 6 and f'(1) = 4, then lim f(zh+ 22+ h)-12) _
h>0  f(h—h*+1)-f(D

(A) does not exist (B) is equal to —3/2 (C) is equal to 3/2 (D) is equal to 3

10
H-2.  Iff(x+y)=f(x).f(y), Vx &y e N and f(1) = 2, then the value of Z f(n) is

n=1

(A) 2036 (B) 2046 (C) 2056 (D) 2066

H-3.w Iff(1) =1 and f(n + 1) = 2f(n) + 1 if n > 1, then f(n) is equal to
(A)2"+1 (B) 2" C)2"-1 (D)2"t-1
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H-4.=  If y = f(x) satisfies the condition f(x + %) =x2+ x_12 (x = 0), then f(x) is equal to
(A)-x2+2 (B)—-x2-2
(C)x2-2,x e R-{0} (D) x2 -2, |X] € [2, )
H-5. A function f : R — R satisfies the condition x2 f(x) + f(1 — x) = 2x — x*. Then f(x) is:
(A)—x2-1 (B)—x2+1 (C)x2-1 (D)-x4+1
H-6.w= If f: R —> R be a differentiable function, such that f(x + 2y) = f(x) + f(2y) + 4xy V X, y € R. then
A)F@Q)=f0)+1 (B)f(1)=f(0)-1 ©)fo)=f@1)+2 (D) f(0)=f(1)-2
PART - Illl : MATCH THE COLUMN
1. Let [.] denotes the greatest integer function.
Column -1 Column -1l
(A) If P(X) = [2 cos X], X € [-x, 7], then P(x) (p) is discontinuous at exactly 7 points
(B) If Q(X) =[2 sin X], X € [-x, 7], then Q(x) Q) is discontinuous at exactly 4 points
© If R(X) =[2tan x/2], X [—g g} ,thenR(x) (r) is non differentiable at some points
(D) If S(x) = {3 cosec ﬂ X € E 211} , then S(x) (s) is continuous at infinitely many values
2. Column -1 Column -1l
(A) f(x) = |x?| is (p) continuous in (-1, 1)
(B) f(x) = \/|7| is (a) differentiable in (-1, 1)
© f(x) = |sin* x| is (n differentiable in (0, 1)
(D) f(x) = cos™ |x| is (s) not differentiable atleast at one point in (-1, 1)

Il Exercise-2 |

= Marked questions are recommended for Revision.

PART -1: ONLY ONE OPTION CORRECT TYPE

3 3
‘im [ﬂ—{é} J (a < 0), where [x] denotes the greatest integer less than or equal to x,
a

X—a a
is equal to
(A) a2 +1 (B) —a2-1 (C) a2 (D) — a2
: X X X X X .

(im COS—CO0S—COS—COS—....... cos— is equal to (x# 0)
n— e 2 2 2 2 2

sinx X
(A)1 (B) -1 (C) — (D) —

X sin X

/\
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3= e(lng ( {nsgne} _{ntz;ne} j , Where [.] represents greatest integer function and n € N, is equal to
(A) 2n B)2n+1 C)2n-1 (D) does not exist
fim x) Sin_ X . o
4, (1—e ) ———— | , where [] represents greatest integer function, is equal to
x—0 |x|
(A) -1 (B) 1 (C) log @1(3-\/5) (D) does not exist
5  The value of /im cos_(sin X4) ~ COSX s equal to
X—> X
(A) fim 20X (8) = (C) fimSMX=X () X
x—0 x3 6 x>0 %3 3
H (i sinx
6. The value of ¢im sm.x (sinx) -
x> % 1-sinx+¢n sinx
A1 (B) 2 (©)3 (D) n/2
7= Thevalueof (im tan? x (\/2 sinfx + 3 sinx + 4 - \/sinzx + 6 sinx + 2) is equal to:
X = 2
1 1 1 1
A) — B) — C) — D) —
()lO ()11 ()12 ()8
1
8. If o and B be the roots of equation ax2 + bx + ¢ = 0, then /im (1+ax2 +bx+c)H is equal to
(A) a (o - B) (B) /nla(a-p)| (C) e™P (D) e ™
1 1
[l (|
9 Zim - , N e N, is equal to
X—® X
2 3
(A)O (B) ¢n 3 (C) ¢n ) (D) none of these
ay by
exp({x /n 1+T—expx€n 1+T
10.= /im | ¢im is equal to
y—>0 | x—>wx y
(A)a+b (Bya-b (C)b-a (D) - (a+ b)
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11.=

12.

13.

14.

15.

16.

17.

The graph of the function f(x) = ¢im (ﬁcotlij is
t->0\ =

t2
y
A Ay
16— H
i : y=X
< ; » X P i > x
A i B) : g
®) g ®)
v v
Y y
A +
,-\ /2
< » X
< Q » X
(©) (D) ;
L/ v

Let [X] denote the integral part of x € R and g(x) = x — [x]. 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 continuous on R

(C) is discontinuous at some x = ¢ (D) is a constant function.

a(l-xsinx)+bcosx+5
2
X

Let f(x) = 3 x=0

3 1/x
X

If f(x) is continuous at x = 0 then find (a — b — c + e9)

<0

(A)O (B)6 (C)-6 (D) 2
2 . . . .
Let f(x) = x“ if X is irrational then
1 if xis rational
(A) f(x) is discontinuous for all x (B) discontinuous for all x exceptatx =0

(C) discontinuous for all x exceptatx =1 or -1 (D) none of these

A point (x, y), where function f(x) = [sin [x]] in (0, 2x) is not continuous, is ([.] denotes greatest
integer < x).
(A) (3,0) (B) (2,0) (€)1, 0) (D) (4,-1)

The function f defined by f(x) = tIim {

-

(1+sinnx)' -1 i
(1+sinmx)' +1]

(A) everywhere continuous (B) discontinuous at all integer values of x
(C) continuous atx =0 (D) none of these
1
ﬁ(hxsm—j , x>0
X
If f(x) = <— —x(1+xsinij, x <0, then f(x) is
X
o , x=0
(A) continuous as well as diff. atx =0 (B) continuous at x = 0, but not diff. at =0

(C) neither continuous at x = 0 nor diff. at x =0 (D) none of these

/\
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18. The functions defined by f(x) = max {x?, (x — 1)?, 2x (1 - x)}, 0 <x<1
(A) is differentiable for all x
(B) is differentiable for all x except at one point
(C) is differentiable for all x except at two points
(D) is not differentiable at more than two points.

19. [X] denotes the greatest integer less than or equal to x. If f(x) = [x] [sin nx] in (-1,1), then f(x) is:
(A) continuous atx =0 (B) continuous in (-1, 0)
(C) differentiable in (-1,1) (D) none

20 Letf(x) =[n+psinx], x € (0, n), n € Z, pis a prime number and [X] is greatest integer less than or
equal to x. The number of points at which f(x) is not differentiable is
(A)p (B)p-1 (C)2p+1 (D)2p-1

21. Let f: R — R be any function and g (x) = % Then g is
X

(A) onto if f is onto (B) one-one if f is one-one
(C) continuous if f is continuous (D) differentiable if f is differentiable

max {f(t) for 0 < t < x} for 0 < x <
3 x+x° for 1 < x <

(A) g(x) is continuous & derivable at x = 1

(B) g(x) is continuous but not derivable at x = 1

(C) g(x) is neither continuous nor derivable at x = 1
(D) g(x) is derivable but not continuous at x =1

22. Let f(x) =x®—x2+x + 1 and g(x) =, { 12then:

23w Letf: R — R be a function such thatf(x ; yj - 1 ;f(y) , f(0) = 0 and '(0) = 3, then

(A) m is differentiable in R
X

(B) f(x) is continuous but not differentiable in R
(C) f(x) is continuous in R
(D) f(x) is bounded in R

24. If a differentiable function f satisfies f(X;yj = 4_2(f(§)+f(y)) ¥ X, ¥ € R, then f(x) is equal to
1 2 8 4
A) — B) — C) - D) —

(A) > (B) > ©) > (D)

PART-II: NUMERICAL VALUE QUESTIONS

INSTRUCTION :
The answer to each question is NUMERICAL VALUE with two digit integer and decimal upto two digit.

« If the numerical value has more than two decimal places truncate/round-off the value to TWO decimal
placed.

2

Sin*@-{xp . coSTA-XD pon value of (Iirg+f(x))2+(lirgf(x)) is

V2{xp  (1-{x}

(where {.} denotes the fractional part function)

1. Let f(x) =
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X sin 1 +sin 1 , x=0 3limf(x)]
2. Let f (x) = X x? , then value of |e =~ is
0 , x=0
(where [ . ] represent greatest integer function)

_ 3 2
3 4im 1 cosxa\/COSZX +30§/1+cos X +3C0Ss” X +3Cc0os X is equal to
x-0 x? CoSX + 63
‘im . g ‘im 3f(x)-1) _ an f(x)
4, If 5o f(X) exists and is finite and nonzero and ", (f(x)+ 200 = 3 then value of ex- is
12x-1/3, x=1 X+1 x>0
5. If f(x) = ' , X) = ’ and h(x) = |x|,
) {2x2—2, x<1 ) {—x2+1 , X<0 G0 = I
then value of fing f(g(h(x))) is
6. I f(x) = sinx X # rm, n =0 +1 2.
2 ,  otherwise
x2+5/4, x %0, 2
and g(x) = 14 , Xx=0 , then value of ¢im g (f(x)) is
5 x=2 x— 0

7. fim ! ! +;] is equal to

1
+ + F
n—cw [\/n_2 Jn2+1 Jn?+2 Vn? +2n

8=  The value of lim x? [iz} is (where [.] denotes G.1.F.)
X

x—0

_ [sintx—tantx 94xtan(v2-1)) .
9.m ‘im 3 + , is equal to
x =0 X SN tX
. 3 +
10. If Xél_r)no X =1, then the value of @+b) where a > 0, is

a+x (bx-sinx)

n
11. If f(x) = Z (x—%) [x—ﬁ}, then nferl f(0) is equal to
A=1

D7 if x<O
12. Let f(x) = 1 . Then ¢im f(x) + ¢im f(X) equals (where [ . ] represents greatest
¢im if x>0 x—0~ x—0*
noe 44X

integer function)

1
_e—(1+x)x

13.= The value of lim———2

x>0 tanx
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

- nXx n x

+ e"* — 2 cos - k x?

e n x
2

If ¢4im .
x >0 (sin x - tan Xx)

value of 4k + n +2 is :

exists and finite (n, k € N), then the least

iF dim Pn+2°n-)+3*°(N-2) +....+n°.1
n— o B+22+3+..... +n
coprime numbers

a .
= = then value of a® + b3 iswhere a and b are

w
o

98

If im —— = 1 , then the value of x equals
n—o nx _(n _1)X 99

If a be the sum of all possible point of discontinuity and B be the sum of all possible
|4x -5 [x] for x > 1
[cosmx] for
(where [x] is the greatest integer not greater than x)

point of nondifferentiability of f(x) = { in [0, 2] then value of af is

2x% +12x+16, -4<x<-2

If f(x) = 42— x| , —2<x<1, then the maximum length of interval for which f(|x])
4x-x?-2 , 1<x<13

is continuous is

1-sinx (n  (sinx)
(m—2x)? " ¢ (1+7° —4nx+4x?) '

Let f(x) = X # g The value of f (%j so that the function

is continuous at x = g is A and |A|a® = 1 where a, B € N then find product of all possible

values of B
(sinX + cos x) <%= —g <x<0
. ' a x=0
If the function f(x) defined as f(x) = ,
1 2 3
ex +ex +ex T
R O<x<—
24— —1+— 2
ae *+be *

is continuous at x = 0, then the value of ? log.-a+ % bis:

The number of points of non differentiability of the function
f(x) = |sin x| + sin |x| in [-8m, 8x] is

sin [x’] = 3
- v - - <x<
1100 = | %2 —axss T TP 0 05X<1i ifterentiable in [0, 2], then the value of a+ b + 10 is
2cosmt X+tanx , 1l<x<2
2 _2(x-1) < <
If f(x) = x e i for 0= X <14 yifferentiable at x = 1
asgn (x +1 cos (2x — 2) + bx* for 1<x < 2

then a3+ b3 + 10 =

/\
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24. Number of points of non-differentiability of f(x) = lim iexi" _1
N—oo e +

in interval [0, 1] is A then value of

A+57

where {.} represents fractional part function
25. Let [x] denote the greatest integer less than or equal to x. The number of integral points
in [-1, 1] where f(x) = [x sin nx] is differentiable are

2f(x) — 3f(2x) + f(4x)
X2

26. Let f'"(x) be continuous at x = 0 and f'(0) = 4 then value of Iirrg

27. Letf: R —» R is a function satisfying f(10 — x) = f(x) and f(2 — x ) = f(2 +x), ¥x € R. If f(0) = 101, then the
minimum possible number of values of x satisfying f(x) = 101 for x € [0,30] is

28. Find the natural number 'a' for which Zf(a+k) = 2048(2" — 1), where the function ' satisfies the

k=1
relation f(x +y) = f(x) . f(y) for all natural numbers x & y and further f(1) = 2

PART - Ill : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

2 —
1. Let f(x) = LX[JF]ZO (where [x] denotes greatest integer less than or equal to x),
X — [x
then
(A) ¢im f(x)= 0 (B) /imf(x)=1
X—>5 X — 5"
(C) €irr15f(x) does not exist (D) none of these
2. Iff(x) = S9S27COSIX oy
X =] x|
(A) fim1 f(x) =2 sin 2 (B) fin;n f(x) = 2 sin 2
(C) fiml f(x) =2 cos 2 (D) Eirr;f(x) =2cos 2
3. If = ¢im x(1+acosi<)—bsmx = (lim m — fim bsTx , Where ¢ € R, then
X0 X x>0 X x>0 X
(A) (a,b)=(-1,0) (B) a & b are any real numbers
=0 (D) ¢ = 1
2
4. Let f(x) = u , then
(A) f(=n) = -1 (B) f(-n) = 1
(C) (¢im f(x) does not exist (D) ¢im f(x) does not exist
2X
1+—, 0 < x 1 e : .
5. Let f(x) = " a < , |f£|rr11 f(x) exists, then value of a is :
ax, 1< x < 2
(A) 1 (B) -1 (C) 2 (D) -2
. gim |ax2 +bx+c
6. Let a, B be the roots of equation ax? + bx + ¢ =0, where 1 <a <pand 5,y ———=1,then
o ax“+bx+c
which of the following statements can be correct
(A)a>0andx,<1 (B)a>0andx,>p
(Ca<Oanda<x,<pP (D)a<Oandx,<1

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.)-324005

®
/\ Qesonance Website: www.resonance.ac.in | E-mail : contact@resonance.ac.in

: ADVLCD - 41
Educating for better tomorrow 1= e 5555 | CIN: UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in

Limits, Continuity & Derivability

10.

11.

12.

13.

14.

m+1 m+k
+

a, X" +ax™ +..... +a,X
bX" +b, X" +....+b,x
statements is/are correct.

Letd (X) =

, Where a, # 0, b, # 0 and m, n € N, then which of the following

(A) If m > n then, fino1 ¢ (X)isequalto 0

(B) If m = n then, €irg ¢ (X) is equal to Z—O
- 0

(©) Ifm<nand n—mis even, Z—O >0, then /im ¢ (X) is equal to ©

x—0
0

(D) If m <nand n—mis even, & 0, then €irg ¢ (X) is equal to — o0
0 X—>
Given a real valued function f such that
2
'y
(X" =[xI")

60 = 1 , X=0

1f{x} cot {x}, x<O

where [.] represents greatest integer function and {.} represents fractional part function, then

2
(A) fing f(x) =1 (B) ¢im f(x) = Jeot1 (C) cot (éimf(x)) =1 (D) ¢im f(x)=0
X x—0" x—0" x—0"
2
1) = Y72 then
3x -6
. 1 . 1 . 1 . 1
(A) 4im f(x) = -= (B) /im f(x) = = (C) 4im f(x) = = (D) fim f(x) = - =
X—>—0 3 X—>o0 3 X—>—o0 3 X—>o0 3
it gm SN 2X T @ SNX_ o (finite), then
x—>0 X
(A)a=-2 (Bya=-1 Cp=-2 D)yp=-1
Zim (a)n(—+l)is equal to
xoo o X+ A
(A) arifn e N (B)wifneZ-&a=A=0
(C)iifnzo (D)a"ifnezZz,A=0&a=0
1+A

If £= fim (sin Ix+1- sin&) and m = €ir:n [sinvx+1 — sin\ﬁ], where [.] denotes the greatest
integer function, then :
A =0 B)Ym=0 (C) m is undefined (D) ¢ is undefined
If f(x) = | x |*™ , then
(A) lim f(x)=1 (B) ¢im f(x)=1
X —>0" x — 0"

(©) €irrg f(x)=1 (D) limit does not exist at x = 0

X |

If (imO (cosx+a sin bx) = e?, then the possible values of 'a' & 'b'are:

(A) a=1, b=2 (B) a=2, b=1 (C) a=3,b=2/3 (D) a=2/3, b=3

/\
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15.

16.=

17.

18.»=

19.=

20.

21.

22.

2
If éing (1+ax+bx2)X = €%, then possible values of a and b is/are :

3 1 3 3 3
A)a=3,b=0 B)a=— ,b== Cla=—= ,b=—= D)a=—= ,b=0
(A) (B) 5 5 (©) 5 5 (D) 5
fim log , sinx is equal to
X — 0" SIHE
(A) 1 (B) 0 (C) lim xS (D) lim (tanx)s"
x—0 x—0"
‘im X—X = 0, n € integer number, is true for
X > e
(A) no value of n (B) all values of n
(C) negative values of n (D) positive values of n
_oy2n o
I 1 (x) = Limit QX F2A=XTSINX ) then
no x"+1
(A) Ilim f(x) = —sinl (B) lim f(x)=log3
x—>1" X—1
(C) limf(x) = sinl (D) f(1) = 1098 —sinl
X—1
Which of the following function(s) defined below has/have single point continuity.
1 if xeQ x if xeQ
(A) f(x) = . (B) 9(x) = .
0 if xgQ 1-x if xgQ
x if xeQ x 3afe xe
© heo=|> | (©) k() = N
0 if xeQ —-x afe xeQ
|x-3] x> 1
The function f(x) = <[ 2 3x 13 is:
— | == + || »x<l1
-3 3
(A) continuous atx = 1 (B) differentiable at x =1
(C) continuous at x =3 (D) differentiable at x = 3
If f(x) = %x —1, then on the interval [0, 7]
(A) tan (f(x)) and %)are both continuous (B) tan (f(x)) and % are both discontinuous
X X
(C) tan (f(x)) and f* (x) are both continuous (D) tan (f(x)) is continuous but % is not.
X
xel

O ’
Let f(x) and g(x) be defined by f(x) = [x] and g(x) = { ) I (where [ . ] denotes the greatest

X, xeR

integer function), then
(A) Iirq g(x) exists, but g is not continuous at x = 1
X—>

(B) Iirq f(x) does not exist and f is not continuous at x = 1
X—>

(C) gof is continuous for all x
(D) fog is continuous for all x

/\
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23.

24,

25.

26.

27

28.

29. =

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

(A) f(x) is continuous on R* (B) f(x) is continuous on R
(C) f(x) is continuous on R — 1 (D) discontinuous at x = 1

The points at which the function, f(x) = |x —0.5| + |x - 1| + tanx does not have a derivative in the
interval (0, 2) are:
A1 (B) /2 (C) p/4 (D) 1/2

f(X) = (sinx)2. cos (1/x) if x = 0; f(0) = 0, f(x) is:
(A) continuous no where in -1 <x<1 (B) continuous everywhere in -1 < x <1
(C) differentiable no where in -1 < x <1 (D) differentiable everywhere in -1 <x <1

Iff(x) =a,+ > a | x[, where a's are real constants, then f(x) is
k=1

(A) continuous at x = 0 for all &, (B) differentiable atx = O for alla, € R

(C) differentiable at x = 0 for all a,, _,=0 (D) none of these

Let f : R > R be a function such that f(0) = 1 and for any x, y € R, f(xy + 1) = f(x) f(y) — f(y) — x + 2.
Then fis
(A) one-one (B) onto (C) many one (D) into

Suppose that f is a differentiable function with the property that f(x + y) = f(x) + f(y) + xy and
1 _
ngg h f(h) =3
where [.] represents greatest integer function, then
(A) fis a linear function (B) 2f(1) :[Iirrg) 1+ 2x)" X}
X—>

(C) f(x) =3x + g (D)f'(1)=4

Let ‘' be a real valued function defined for all real numbers x such that for some positive constant ‘a’

the equation f(x+a) = % + f(X) - (f(x))2 holds for all x. Then f(x) is periodic function with period

equal to
(A)2a (B)4a (C)6a (D) 8a

PART - IV : COMPREHENSION

Comprehension # 1

1»n

2.5

KRN

sinx+ae*+be™+c ¢n (1+x)

Consider f(x) = 3
X

, Where a, b, c are real numbers.

If ¢im f(x) is finite, then the value ofa+ b + c is
X—0"
(A) O B)1 (©)2 (D) -2

If ¢im f(x) = ¢ (finite), then the value of 7 is
X—0"

1 1
(A)-2 ® -3 €)-1 ©) -3

Using the values of a, b, ¢ as found in Q.No. 1 or Q. No.2 above, the value of ¢/im x f(x) is

x—0"

(A0 ® 5 ©-3 (D) 2

/\
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Comprehension # 2

If bothLim f(x) andLim f(x) exist finitely and are equal , then the function f is said to have removable

X—>C~
discontinuity at x = ¢
If both the limits i.e. Lim f(x) andLim f(x) exist finitely and are not equal, then the function f is said to

have non-removable discontinuity at x = ¢ and in this case | Lim f(x) — Lim f(x) | is called jump of the
x—c* X—C~

discontinuity.

Which of the following function has non-removable discontinuity at the origin ?

(A) f(x) = ~ 1|x | (B) f(x) =x sin g (C) f(x) = (D) f(x) = cos (@J

Which of the following function not defined at x = 0 has removable discontinuity at the origin ?

1
X _

A= —  @f=tr *  (©fg=S "1 (D) 1) = —
1+ 2% X eX + 1 n | x|
tan(tanx) ; x<=

If f(x) = 4 then jump of discontinuity is
n [X]+1 ; x> T

4

(where [ . ] denotes greatest integer function)

Y T s T

A= -1 B) = +1 Cc)1- = D)-1- —

(A) 2 (B) 2 (9] 2 (D) 2

Comprehension # 3

ax)

<0 . . "
P , where g(t) = lim (1 + atan x)¥, a is positive constant, then
X+ax® -x> 0 x>0

Let f(x) = {

If a is even prime number, then g(2) =
(A) e? (B) e (C) e* (D) none of these

Set of all values of a for which function f(x) is continuous at x =0
(A) (-1, 10) (B) (—0, ) (C) (0, ) (D) none of these

If f(x) is differentiable at x =0, then a e
(A) (-5,-1) (B) (-10, 3) (C) (0, ) (D) none of these

Comprehension # 4

Let f : R - R be a function defined as,

1- <1
fog= 45 XD XIS g0 = fx— 1) + fx + 1), ¥ x € R. Then
0 . x|>1

/\

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.)-324005

®
Qesonance Website: www.resonance.ac.in | E-mail : contact@resonance.ac.in

: ADVLCD - 45
Educating for better tomorrow 1= e 5555 | CIN: UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in

Limits, Continuity & Derivability

10.

11.

12.

The value of g(x) is :

0 , x<-3 0 , X<-2
2+x , -3<x<-1 2+x , -2<x<-1
-X , -1<x<0 -x , -1<x<0
(A) o) = X , 0<x<1 (B) g(x) = X , 0O0<x<1
2-x , 1<x<3 2-xX , 1<x<£2
0 , X>3 0 , X>2
0 , x<0
2+x , O<x«<1
(C) g =1 * lex<2 (D) none of these
X , 2<X<3
2-x , 3<x<4
0 , 4 <X

The function g(x) is continuous for, x e
(A)R-{0,1,2,3,4 BR-{-2,-1,0,1,2} (OR (D) none of these

The function g(x) is differentiable for, x e
(AR B)YR-{-2,-1,0,1,2} (C)R-{0,1, 2, 3,4} (D) none of these

\
J

PART - | : JEE (ADVANCED) / lIT-JEE PROBLEMS (PREVIOUS YEARS)

w Marked questions are recommended for Revision.
* Marked Questions may have more than one correct option.

1=

3* =

1
n|m1@+xma+b%}:2bsmuxb>0amuaeeanmenmewmmofes

x—0

[NT-JEE 2011, Paper-2, (3, -1), 80]

(A) + % (B) + g (C) + (D)ig

r
6
Letf: R — R be a function such that f(x + y) = f(x) + f(y), V x, y € R. If f(x) is differentiable at x = 0, then
(A) f(x) is differentiable only in a finite interval containing zero [NT-JEE 2011, Paper-1, (4, 0), 80]
(B) f(x) is continuous V x € R

(C) f'(x) is constant VX € R
(D) f(x) is differentiable except at finitely many points

—X _E , X < _E
2 2
If f(x) = {—cosXx , —g <Xx<0 ,then [NT-JEE 2011, Paper-2, (4, 0), 80]
x-1 , 0<x<£1
n x , x>1
(A) f(x) is continuous at x = —g (B) f(x) is not differentiable at x =0
(C) f(x) is differentiable at x = 1 (D) f(x) is differentiable at x = — %

/\
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4, Letf: (0, 1) —» R be defined by f(x) = 1b;bx , Where b is a constant such that 0 < b < 1. Then
—bx
[IT-JEE 2011, Paper-2, (4, 0), 80]
(A) fis not invertible on (0, 1) (B) f=f1on (0,1)and f(b) = %
(C)f=f1on (0, 1) and f'(b) = % (D) 1 is differentiable on (0, 1)
2
5 I lim (X+—X1+1—ax—bJ = 4, then [IT-JEE 2012, Paper-1, (3, -1), 70]
X—w X+
Aa=1,b=4 (Bya=1,b=-4
(Ca=2,b=-3 (D)a=2,b=3
6. Let a(a) and B(a) be the roots of the equation (\3/1+a -1 )x2 +(\/1+a -1 )x+(2/1+a -1 )=0 where
a>-1.Then lim a(a) and lim B(a) are [NT-JEE 2012, Paper-2, (3, -1), 66]
a—0" a—0"
(A) — 5 and 1 (B) _1 and -1 (O ! and 2 (D) - 9 and 3
2 2 2 2
x|cos , x=0 _
7. Let f(x) = X , XelR ,thenfis
0, x=0
(A) differentiable both at x =0 and at x =2 [NT-JEE 2012, Paper-1, (3, -1), 70]

(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 noratx =2

8*w  Foreveryinteger n,leta and b, be real numbers. Let function f: IR — IR be given by
00 = {an +sint x, for xe[2n, 2n+1]

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

If f is continuous, then which of the following hold(s) foralln ?  [lIT-JEE 2012, Paper-2, (4, 0), 66]

, for all integers n.

(A) an_]_ - b n-1 = O (B) an - bn = 1 (C) an - b n+1 = 1 (D) an—]_ - bn = —1
9*, For every pair of continuous functions f, g:[0, 1] - R such that
max {f(x) : x e [0,1]} = max {g(x) : x < [0, 1]}, [JEE (Advanced) 2014, Paper-1, (3, 0)/60]

the correct statement(s) is (are) :

(A) (f(c))? + 3f(c) = (g(c))? + 3g(c) for some ¢ e [0, 1]
(B) (f(c))? + f(c) = (g(c))? + 3g(c) for some c € [0, 1]
(C) (f(c))? + 3f(c) = (g(c))? + g(c) for some ¢ € [0, 1]
(D) (f(c))? = (g(c))? for some ¢ < [0, 1]

1-x
—ax+sin(x-D+a|-k 1 is
X+sin(x-1)-1 4

[JEE (Advanced) 2014, Paper-1, (3, 0)/60]

10. The largest value of the non-negative integer a for which Iim

x—1

11w Letf: R > R and g : R > R be respectively given by f(x) = |x] + 1 and g(x) = x2 + 1.
max {f(x),g(x)} if x <0,
Define h : R > R by h(x)= The number of points at which h(x) is
min  {f(x),g(x)} if x>0.
not differentiable is [JEE (Advanced) 2014, Paper-1, (3, 0)/60]
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12. Letf, :R>R,f,:[0,©) > Rf,:R—>Randf,: R —> [0, ©) be defined by
[ x| if x<O,
fl(X)={

e if x>0 ;

f,(x) = x2;
sinx if x<0, £, (f,(x if x<0,
£(x) = noxs and ( ( N
x if x>0 )—-1 if x>0
List | Llst II
P. fs is 1. onto but not one-one
Q. fais 2. neither continuous nor one-one
R. f20 f1is 3. differentiable but not one-one
S. f2is 4, continuous and one-one
[JEE (Advanced) 2014, Paper-2, (3, —=1)/60]
P Q R S
(A) 3 1 4 2
(B) 1 3 4 2
(C) 3 1 2 4
(D) 1 3 2 4
13*= Let g0 R —» R be a differentiable function with g(0) = 0, g'(0) = 0 and g'(1) = 0. Let
—g( ), x=0
f(xX) =41 x| and h(x) = e for all x € R. Let (foh)(x) denote f(h(x)) and (hof)(x) denote h(f(x)).
0, x=0

Then which of the following is(are) true?

[JEE (Advanced) 2015, P-1 (4, -2)/ 88]
(A) fis differentiable at x = 0 (B) h is differentiable at x = 0
(C) foh is differentiable at x =0 (D) hof is differentiable at x =0

14*, Let f(x) = sin (%sin(gsinxn forall x e R and g(x) = % sin x for all x € R. Let (fog) (x) dentoe f(g(x))

and (gof) (x) denote g(f(x)). Then which of the following is(are)true?
[JEE (Advanced) 2015, P-1 (4, —2)/ 88]

: 11 . 11
A) Range of fis | —-=,= B) Range of fogis | —-=,=
o rangerri 4.1 @ rangerrog s 1.1
(© Img%zg (D) There is an x € R such that (gof)(x) = 1
X—> g X

L eoos(@) _g e m
15.= Let m and n be two positive integers greater than 1. If |lm|——— :—[Ej, then —

a—0 o n
the value of is [JEE (Advanced) 2015, P-2 (4, 0) / 80]
16. Letf:R >R ,g:R —> Randh:R — R be differentiable functions such that f(x) = x® + 3x + 2,
g(f(x)) = x and h(g(g(x))) = x for all x € R. Then [JEE (Advanced) 2016, Paper-1, (4, —2)/62]
. 1 .
Ag@= ¢ (B) h'(1) = 666 (C) h(0) =16 (D) h(g(3)) = 36
x? sin(Bx)

17. Let o, B € R be such that lim

—— =1. Then 6(a + B) equals
x—0 X — SinX

[JEE (Advanced) 2016, Paper-1, (3, 0)/62]
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18. Letf: {—% 2} —Randg: {—% 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 € R. Then
(A) fis discontinuous exactly at three points in [—% 2} [JEE (Advanced) 2016, Paper-2, (4, —-2)/62]
(B) f is discontinuous exactly at four point in {—% 2}

(C) g is NOT differentiable exactly at four points in [—% 2)

(D) g is NOT differentiable exactly at five points in (—% 2} .

19. Leta,b € Rand f: R — R be defined by f(x) = a cos (|x3 —x|) + b|x| sin(|x® +x|). Then fis
(A) differentiable atx=0ifa=0andb =1 [JEE (Advanced) 2016, Paper-2, (4, —=2)/62]
(B) differentiable atx =1ifa=1andb=0
(C) NOT differentiable at x =0ifa=1and b =0
(D) NOT differentiable atx =1lifa=1andb=1

20. Let [X] be the greatest integer less than or equals to x. Then, at which of the following point(s) the
function f(x) = x cos(n(x + [x])) is discontinuous ? [JEE(Advanced) 2017, Paper-1,(4, =2)/61]
(A) x=-1 B)x=1 (C)x=0 (D)yx=2

1—x(1+|1—x|)Co
|1-x]

(A) lim . f(x)=0 (B) lim _ - f(x) does not exist

21*.  Letf(x) =

S [1 ! J for x # 1. Then [JEE(Advanced) 2017, Paper-2,(4, —=2)/61]
-X

(€) lim _ - f(x)=0 (D) lim . f(x) does not exist

22. For any positive integer n, define fn : (0, ©) > R as

1
fa(X) = " tan! for all x € (0, ). [JEE(Advanced) 2018, Paper-2,(4, =2)/61
=" (1+(x+j)(x+j—1)] e (0, ). [JEE( ) per-2,(4, -2)/61]

(Here, the inverse trigonometric function tan* x assumes values in (—g gj)

Then, which of the following statement(s) is (are) TRUE ?

5
A) Ztanz(f]- (0)) = 55

=1

10
(B) Z(1+ £/(0))sec?(f,(0)) = 10

j=1
(C) For any fixed positive integer n, lim tan(f, (x)) =%
X—>o0

(D) For any fixed positive integer n, lim secz(fn(x)) =1
X—>0
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T

23. leﬁyR—aRJz,(—ggjeR,h:-ie2—2-»RamﬂaReRbehmdmmdamaﬂw
(i) ﬁ(x)::mn{dl—e‘xzj [JEE(Advanced) 2018, Paper-2,(3, —1)/60]
| sinx] if x=0
(i) f, (x) =<tan1x , where the inverse trigonometric function tan-! x assumes values in
1 if x=0
23
2'2
(iii) fa(x) = [sin(loge(x+2))], where for t € R, [t] denotes the greatest integer less than or equal to t,
X2 Si”[ij if x=0
iv) f4(x) = X
( ) 4( ) 0 if x =0
LIST-I LIST-II
(P) The function f1 is (1) NOT continuous at x =0
(Q) The function f2 is (2) continuous at x = 0 and NOT differentiable at x = 0
(R) The function fs is (3) differentiable at x = 0 and its derivative is NOT continuous
atx=20
(S) The function f4 is (4) differentiable at x= 0 and its derivative is continuous at x= 0
The correct option is:
AP—- 2 Q- 3R> 1,S— 4 B)P— 4 Q— 1, R—> 2; S— 3
(C)P—> 4, Q> 2, R—->1,S—> 3 (D)P—> 2, Q—> 1, R—> 4, S— 3
24. Let f: R — R be a function we say that f has
PROPERTY 1 if lim )~ exist and is finite and
h—0 In|
PROPERTY 2 if lim ) -1(0) exist and is finite.
h—0 h?2
Then which of the following options is/are correct? [JEE(Advanced) 2019, Paper-2 (4, -1)/62]
(A) f(x) = x23 has property 1 (B) f(x) = sin x has property 2
(C) f(x) = |x| has property 1 (D) f(x) = x|x| has property 2
PART - Il : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)
=N Let f: R - R be a positive increasing function with lim % = 1. Then lim %
X—0 X X—0 X
[AIEEE- 2010, (8, -2), 144]
2 3
1) = 2) = 3) 3 41
1) 3 (2) 5 3) (4)
1- 2(x-2
2. im [‘/ cos {Z(X )}J [AIEEE-2011, T, (4, -1), 120]
X—> X J—
(1) does not exist (2) equals 2 (3) equals -2 (4) equals =3

N

/\
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3.

43

5»

2
Letf: R —[0,o) be such that Iirr; f(x) exists and Iin; 09y -9 =0 [AIEEE- 2011, II,(4, -1), 120]

| x-5]
Then Iirr; f(x) equals :
1o 21 32 4)3
sin(p + 1)x + sinx %<0
X
The value of p and g for which the function f(x) = q , X =0is continuous for all x in
Ix+x% =%
T , X > 0
R, are : [AIEEE 2011, 1,(4, -1), 120]
1 3 5 1 3 1 1 3
1 = —,0=—— 2 = —,0= — 3 =—— ,0= — 4 =— ,0= —
()|02q2 ()|02q2 ()|02q2 ()|02q2
sinE If x =0
Define F(x) as the product of two real functions f1(x) = x, x € R, and fo(x) = X
o, If x=0
as follows :
f . f , If 0
F(x) = {1()‘) 2(X) f Xz . [AIEEE 2011, II,(4, —1), 120]
0, If x =

Statement - 1 : F(x) is continuous on R.

Statement - 2 : f1(x) and fo(x) are continuous on R.

(1) Statement-1 is true, Statement-2 is true; Statement-2 is a correct explanation for Statement-1.

(2) Statement-1 is true, Statement-2 is true; Statement-2 is NOT a correct explanation for Statement-1
(3) Statement-1 is true, Statement-2 is false

(4) Statement-1 is false, Statement-2 is true

2 a2
If function f(x) is differentiable at x = a, then lim =310 o AIEEE 2011, T1,(4, -1), 120]
X—a X_a

(1) —a2f (a) (2) af(a) — a2f ' (a) (3) 2af(a) —a2f ' (a)  (4) 2af(a) + a2f ' ()

If f: R > R is a function defined by f(x) = [X] cos (ZX jn, where[x] denotes the greatest integer

function, then fis : [AIEEE- 2012, (4, -1), 120]
(1) continuous for every real x.

(2) discontinuous only at x = 0.

(3) discontinuous only at non-zero integral values of x.

(4) continuous only at x = 0.

Consider the function, f{(x) =[x = 2|+ |x - 5|, x e R.. [AIEEE- 2012, (4, -1), 120]
Statement-1: f(4)=0

Statement-2 : fis continuous in [2, 5], differentiable in (2, 5) and f(2) = f(5).

(1) Statement-1 is false, Statement-2 is true.

(2) Statement-1 is true, statement-2 is true; statement-2 is a correct explanation for Statement-1.

(3) Statement-1 is true, statement-2 is true; statement-2 is not a correct explanation for Statement-1.
(4) Statement-1 is true, statement-2 is false.

lim (1—cos2x)(3 +cosx)
x—0 xtan4x

is equal to [AIEEE - 2013, (4, -1),360]

-5 @ 5 @1 @ 2

/\
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sin(rcos?® x)

10. legg v is equal to : [JEE(Main)2014,(4, — 1), 120]
1) -n @)« 3) /2 @) 1

11, lim (= C082X)B+C08X) i o al to [JEE(Main)2015,(4, — 1), 120]
x—0 Xtan4x
(1) 4 ()3 (3) 2 @ >

kix+1 , 0<x<3

mx+2 , 3<X<5

12. If the function g(x) = { is differentiable, then the value of k+ m is;

[JEE(Main)2015,(4, — 1), 120]

16 10
1)2 2) — 3) — 4) 4
1) 2) = 3) 3 4)
2
13. Letp = Iirg (1+ tan? \/;)b( then log p is equal to: [JEE(Main)2016,(4, — 1), 120]
X—0+
1 1
1)1 2) = 3) = 4)2
1) ) 5 ®3) 2 4
14. For x € R, f(x) = |[log2 — sinx| and g(x) = f(f(x)), then [JEE(Main)2016,(4, — 1), 120]
(1) g'(0) = cos(log2)
(2) g'(0) = —cos(log2)
(3) g is differentiable at x = 0 and g'(0) = —sin(log2)
(4) g is not differentiable at x = 0
15 lim XX ol [JEE(Main)2017,(4, — 1), 120]
Hg (m—2x)
1 1 1 1
1) — 2) — 3) = 4) =
1) 24 2 16 3) 8 4) 2
. . 1 2 15
16. For each teR let [t] be the greatest integer less than or equal to t. Then lim x[[—}{—}+ ...... +[—B
x—0" X X X
[JEE(Main)2018,(4, — 1), 120]
(1) is equal to 120 (2) does not exist (in R) (3) is equal to 0 (4) is equal to 15
17. Let S={t € R:f(x) = [x — n|. (e — 1) sin|x| is not differentiable at t.} Then the set S is equal to :
[JEE(Main)2018,(4, — 1), 120]
(1) {n} (2) {0, n} (3) ¢ (an empty set)  (4) {0}
,/1+ 1+ 42
18. IirrgJ :/ [JEE(Main) 2019, Online (09-01-19),P-1 (4, — 1), 120]
Yy y
(1) exists and equals 1 (2) exists and equals __r
22 2J2(v2 +1)
(3) exists and equals o (4) does not exist
42
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19. For each teR, let [t] be the greatest integer less than or equal to t. Then ,
(1| x| +sin|1-x |)sin(;[1— x])
lim [JEE(Main) 2019, Online (10-01-19),P-1 (4, — 1), 120]
X1t [1-x][1-xX]
(1) does not exist (2) equals 1 (3) equals -1 (4) equals O
-1 -2<x<0 i ) i
20. Let f(x) = ) and g(x) = |f(x)| + f(|x]). Then, in the interval (-2, 2), g is :
X“—-1 0<x<2
(1) not differentiable at two point (2) not continuous
(3) not differentiable at one point (4) differentiable at all points

[JEE(Main) 2019, Online (11-01-19),P-1 (4, — 1), 120]

Ix|+[x], 1<x<1
21. Letf:[-1,3] > Rbedefinedas f(x)=1{x+|x|, 1<x<2
X+[x], 2<x<3
[JEE(Main) 2019, Online (08-04-19),P-2 (4, — 1), 120]
where [t] denotes the greatest integer less than equal to t. Then, f is discontinuous at :

(1) only three points (2) four or more points
(3) only two points (4) only one point
22, lim X+2sinx is : [JEE(Main) 2019, Online (12-04-19),P-2 (4, — 1), 120]

x50 [y2 L ognx+1—vsin?x—x+1

11 (2)3 (32 (4)6
23. Let f: R — R be differentiable at ¢ € R and f(c) = 0. If g(x) = [f(x)|, thenatx =c¢, g is :
[JEE(Main) 2019, Online (10-04-19),P-1 (4, — 1), 120]

(2) not differentiable (2) differentiable if f'(c) = 0
(3) not differentiable if f' (c) =0 (4) differentiable if f'(c) # 0
24, Let S be the set of points where the function, f(x) = |2 — |x — 3]|, xeR, is not differentiable. Then
Zf(f(x)) is equal to [JEE(Main) 2020, Online (07-01-20),P-1 (4, 0), 120]
XeS
sin(a+2)x +sinx . x<0
X
25. If f(x) = b ; x=0
(X +3X2)1/3 _ Xl/3
. x>0
413
is continuous at x =0, then a + 2b is equal to : [JEE(Main) 2020, Online (09-01-20),P-1 (4, -1), 120]
M1 (20 (3) -2 4 -1
26. Let [t] denote the greatest integer < t and Iirrgx{ﬂ} = A . Then the function, f(x) = [x?] sin(nx) is
X—> X
discontinuous, when x is equal to : [JEE(Main) 2020, Online (09-01-20),P-2 (4, -1), 120]
1) JA ) VA+1 (3) VA+5 @) VA+21
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EXERCISE - 1

PART - |
Section (A) :

A-1. (i) Limitdoes notexist (i) 3 (i) 3 (v) 3 (v) 3

A-2. 0] 2+sin2 (i) tan 3 — 23 (iii) %—am % (iv) 5°
e

V) Sinl
A-3. 0] 0 (ii) Limit does not exist (i) Limit does not exist (iv) 0
A-4. 0) Limit does not exist (ii) A=-2 A5 6
A-6. 0) No (ii) No (i) Yes, «° form (iv) No
SECTION (B) :

. 3 .12 L 2
B-1. (i) - 2 (i) 10 (iii) ﬁ

. 16 . o1l . .
B-2. (053 (ii) 2 w0§ (iv) 2asina +a?cos a ()] (b—-a) (vi) 2e?

.3 - . - : L9 4

(vii) o) (viii) 3 (ix) 5 (x) limit does not exist.  (xi) 2 ‘n S

B-3. (i) 1 (i) 1 (iii) 0 (iv) _1
2 T

. 5 > . . 2 1
B-4. ()0 (ii) > (a+2)* (i) 0 (iv) 5/2 B-5. (i) - (ii) 3
B-6 a:2,b:1,c:—1andlimit:—%
B-7. (i) a:—%,bzl (i) a=2,beR,c=5deR (iii) a=3,b=12,¢c=9
B-8. % B10. 2(sec?a)tana
SECTION (C) :
C-1 (i1 (i) 1 (iii) 0 (iv) O
C-2. () et (i) 0 (iii) e” (iv) e?
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C-3 a+b=0andbc=3

X In [1+€n Xj
X

C-4. (i) fim 1 i 1 cs X c6. {-1,0,1}
X n x 3
Section (D) :
D-1. a:—g,b;rso,c:l D-2. a:E,b:4
2 2 2

D-3. (i) continuous atx =1 (i) continuous

(iii) discontinuous (iv) continuous atx =1, 2
D-4. (a) -2,2,3 (b) K=5 (c) even D-5. A=-4,B=5f0)=1
D6. Continuous at x = 1 but discontinuous at x = 2
Section (E) :
E-1. (i) xe R-{2, 3} (i) xeR-{-1,1}

(iii) XxeR (iv) xeR-={2n+1),nel}

E-2. discontinuous at all integral values in (- 2, 2) E-3. discontinuous at nr + % @n+1) g ,hel

E-4dw g(x)=2+x;0<x<1,
=2-x;1<x<2,
=4-x;2<x<3,
g is discontinuous atx =1 & x =2

E-5. - % ,—2,0 E-7. 2

Section (F) :

F-1. continuous at both points but differentiable only at x = 2

F-2. continuous but not differentiable at x = 0; differentiable & continuous at x = n/2

F-5. not differentiable at x = 0 F-6. a=1/2,b=3/2

Section (G) :

G-1. fis not derivable at all integral values in -1 <x <3

G-2. fis continuous but not derivable at x = 1/2, f is neither differentiable nor continuous atx =1 & x =2

G-3. discontinuous and non-differentiable at -1, 0, 1, 3, 4

G-4.= Differentiable in [-2, 2] G-5.  Continuos everwhere in (0, 3) but non differentiable at x= 2
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Section (H) :

H-1. 56 H-2. -2 H-3. fx)=e® ¥xeR H-4. -3

PART - Il
Section (A)
Al. (D) A2 (A A3 (C) A4 (0
SECTION (B) :

B-1. (C) B-2. (B) B-3. (D) B-4. (D) B-5. (D) B-6. (A) B-7. (D)
B-8. (B) B-9. (B) B-10. (C) B-11. (B) B-12. (D) B-13. (B) B-14. (C)
B-15. (A) B16. (A) B-17. (A) B-18. (C) B-19. (B) B-20. (B)

SECTION (C):

C-1. (A C-2. (A C-3. (B) c4 (C) C5 (A c6. (C) C-7. (B)
c-8. (D)

Section (D) :

D-1. (A D-2. (D) D-3. (D) D-4. (B)

Section (E) :

E-1. (B) E-2. (C) E-3. (C) E-4. (B)

Section (F) :

F-1. (B) F-2. (B) F-3. (B) F-4. (B) F-5. (D) F-6. (B) F-7.  (B)
Section (G) :

G-1. (A G-2. (B) G3. (D) G4 (B G5 (C) G6. (A G-7. (C)
G-8. (A)

Section (H) :

H-1. (D) H-2. (B) H-3. (C) H-4. (D) H-5. (B) H-6. (D)

PART -1l
1. (A) > (. rs), B)—>(@/prs), (C)—(@,rs), (D)—>(r>s)
2. A) > @ qrn, B-—>pErs) (C)—>/Ers) DO)->@Ers)
EXERCISE - 2
PART =1
1. (B) 2. (C) 3. ©) 4 (A) 5. (B) 6. B) 7. (©)
8. (c) o. () 10. (B) 11. (C) 12. (B) 13. (B) 14. (C)

15. (D) 16. (B) 17. (B) 18. (C) 19. (B) 20. (D) 21. (B)
22.  (C) 23. (C) 24. (D)
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PART-II
03.70 2. 20.00 3. 16.50 4. 02.710r02.72 5. 11.66 or 11.67
6. 01.25 7. 02.00 8. 01.00 9. 12.25 10. 18,50 11. 08.75
12. 01.25 13. 01.35 or 01.36 14. 21.00 15. 28.00 16. 99.00

17. 16.62 18. 26.00 19. 36.00 20. 48.58 21. 15.00 22. 11.14
23. 17.00 24. 28,50 25. 03.00 26. 12.00 27. 11.00 28. 10.00

PART - I
1. (ABC) 2. (AB) 3. (AD) 4. (ABCD) 5. (BC) 6. (ABC)
7. (ABCD) 8. (BCD) 9. (AB) 10. (AD) 11. (ABCD) 12.  (AC)
13. (ABC) 14. (ABCD) 15. (BCD) 16. (AD) 17. (BCD) 18.  (ABD)

19. (BCD) 20. (ABC) 21. (CD) 22. (ABC) 23. (ABC) 24.  (ABD)
25. (BD) 26. (AC) 27. (AB) 28. (BCD)29. (ABCD)

PART - IV
1. A 2 D) 3. A 4 (C) 5. (D) 6. c) 7. (©)
8. © o (© 10. (® 11. (C) 12. (B

EXERCISE - 3

PART -1
1. o) 2. (B, C, D) or (B,C) 3*.  (ABCD)4. (A) 5. (B) 6. (B)
7. () 8. (BD) 9% (AD) 10. (0) 11. (3 12. (D) 13*. (AD)
14*. (ABC) 15. 2 16. (BC) 17. 7 18. (BC) 19. (AB) 20. (ABD)

21*,  (CD) 22. (D) 23. (D) 24. (AC)

PART -1l
1. @ 2. (1) 3. @ 4 (3) 5. (3) 6. @) 7. 1)
8. @) o @ 100 (@ 1. (3 12 (1) 13 (2 14 (1)

5. () 16. (1) 17. (3 18 (3 19. (4 20. (3 21. (3)

22. (3 23. (2 24. 3 25.  (2) 26. (2
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Il High Level Problems (HLP)

2 Marked questions are recommended for Revision.

SUBJECTIVE QUESTIONS

1—-cos(a;x) . cos (a,x). cos (asX)....... cos(a,x)

X2

Evaluate : /im
x—0

X
f, (9= 2+10

fo)="1( _, (x) n>?2
then evaluate lim f (x)

f() = g +10
£ 00=f, (¢, () n>2

Let f : R — R be a real function. The function f is derivable and there exists neN and p € R such that
Zim x" f(x) = p, then evaluate /im  (x".f'(x)).
Xns n
n—ow Xn

Let <x,> denotes a sequence, X, =1, X, = 1/xﬁ +1, then evaluate /im

. 1 2 3 n
Evaluate /im | — +— += Foereen +—
e \n“+1 Nn+2 n°+3 n°+n

Evaluate : /im x® {sz + «f1+ xt = x\/f}

log. (log. x
Evaluate €imM
X—® eﬁ

jim 10g. (sin (4m+1)x)

% , wh ,nZ
2 log, (sin(4n+1)x) wherem.n

Evaluate

f(x) = Ztan%.sec% r,neN
r=1

_ log, (f(x) +tan ;) _ (f(x) - tan ;jn {Sin[tan ;H

lim X #
n—o X n
1+ (f(x) +tanj
2“

~la

g(x) =

NS

k X=

where [ ] denotes greatest integer function and domain of g(x) is (0, gj

find 'k’ for which g(x) is continuous at x = n/4

/\
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m(L+nx)
X

Le
10. Evaluate m
x—(e™h) X — e—l

3 _ 3 _ 3 _
11, Letpy=2 13 -1 "~ 1 provethat fim Pn:é

m-m ........... . n3+ 1 et

12. Verify the following limits

X |-

1 s
1+ x) 1 secz(Z—bx) "
0 im | S| 2 g (ii) fim {sinz [ T H =gt
x>0 e x>0 2 —ax
. xsin"x . .
13. f(x) = /im ——— . Find domain and range of f(x), where n € N.
now gin"x+1
1
14. Evaluate 6i@£%} where a4, as, bq and by are positive numbers
X—> A + 5
P q

15. Evaluate /im [

x—1

where p, N
1-xP 1—xqj P-4 <

n
16.  Iff(n, 0) = H(l—tanz Z—ﬁj and (im (n,0) = g(0), then find the value /im of g(0)
r=1

2
17.  Find the value of lim —= 1f4C°S X 2
xon (X —m)| {2+ CcosX

18. €imxa( Sx+1+ ¥x-1-2 3i/;):k,k;«tOthen find the value of a + 1

X—>00

19. Discuss the continuity of the function f(x) = lim (L sinx) _+|ng
n>e 24 (1+sinx)"

1-a* +xa*. (na

S , x<0

xa
20. Ifg(x) = k , x=0
(2a) —xxzén 2a-1 x>0

(where a > 0) , then find ‘@’ and g(0) so that g(x) is continuous at x = 0.
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21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

cos(2xy/1-x?) ce L
f(x) = 2
k X = %

Then find ‘k’ if possible for which function is continuous at x =

ol

Find the value of f(0) so that the function
cos™(1—{x}*)sin (1 {x})
{x}—{xy’

({x} denotes fractional part of x) becomes continuous at x =0

f(x) = , X#0

2
,XZ

+ , then find the value of

2

Let f be a continuous function on R such that f (ij = (sinex) e
4x X+

f(0).

Examine the continuity at x = 0 of the sum function of the infinite series:
X X X

+ + +
x+1 (xX+D(2x+1) (2x+DH(3x+1)

If f(x) is continuous in [a, b] such that f(a) = b and f(b) = a, then prove that there exists at least one ¢ e
(a, b) such that f(c) = c.

If f(x . y) = f(x). f(y) for all x, y and f(x) is continuous at x = 1. Prove that f(x) is continuous for all x except
possibly at x = 0. Given f(1) = 0.

n
g = ¢im xf(x)+h(x)+1’ Wt 1
now  2x"+3x+3
in2 X
g(1) = ¢im _sin“(r27) be a continous function at x = 1, then find the value of 4g(1) + 2 f(1) — h(1),

x—1log, sec(r 2)
assume that f(x)and h(x) are continuous at x = 1

If f(x) = x2 — 2|x|, then test the derivability of g(x) in the interval [-2, 3], where
(x) = min {f(t); 2<t<x} , —2<x<0
g max. {f(t); 0<t<x} , 0<x<3

Discuss the continuity and differentiability of f(x) = [x] + {x}? and also draw its graph. Where [.] and {.}
denote the greatest integer function and fractional part function respectively.

X
x|
X
I-]x|

JIx|=1
Discuss the continuity and differentiability of the function f(x) =

x| <1

2n 1 _
Discuss the continuity and differentiability of the function f(x) = <lim| lim M ,
n-w| moe cos™ (M!nx) + 1

(where m, n € N) at rational and irrational points.

/\
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Limits, Continuity & Derivability

32. Given f(x) = cos{sgn [%D where sgn () denotes the signum function and [ . ] denotes the
- [x

greatest integer function. Discuss the continuity and differentiability of f (x) at x = + 1.

33. Discuss the continuity on 0 < x < 1 & differentiability at x = 0 for the function.

f(x) = x sin 1 sin 1 where x = 0, X # 1 &f0)=f(/rn)=0,r=1,2, 3,......
X rn

X Ssin=
X

34. Let f be a function such that f(xy) = f(x) . f(y) vx>0,y>0. Iff(1 +x) =1 + x (1+g(x)) ,

where lim g(x)=0.Find | ff((x))

35. Let f: R* > R satisfies the equation
f(xy) = ey -y (e¥f(x) + e f(y)) VX,y e R*
If f' (1) = e, then find f(x) .

36. Let f(x) be a real valued function not identically zero such that
f(x +y3) =f(x) + (f(y))® V x, y € Rand f’(0) > 0, then find f(10)

37. Determine a function f satisfying the functional relation f(x) + f ! - 2@ - ZX).
1 - X X1 - x)
38. If f(x)+f(y) +f(xy)=2+f(x).f(y), for all real values of x and y and f(x) is a polynomial function

with f(4) = 17 and f(1) = 1, then find the value of f(5) .
N K k(k 1)
39. If | f(p + q) — f(q)] < for all pand g € Q*, show that Z| f(2)-f(2') | < ——
q

40. The function f : R — R satisfies x + f(x) = f(f(x)) for every xeR. Find all solutions of the equation

f(f(x)) = 0

41. If 2f (x) = f(xy) + f(xly) V X,y e R*, f(1) =0 and f'(1) = 1, find f(x).
f(x) 1

42. Iff(x xfly)) = —= VXx,yeR,y=#0,thenprovethatf(x).f|=| =1
y X

43. Find the period of f(x) satisfying the condition :
(i) fix+p)=1+{1-3f(x) +3f2(x) - (X)}* p>0
(i) f(x = 1) + f(x + 3) = f(x + 1) + f(x + 5)

44. Let f(x) is defined only for x € (0, 5) and defined as f2 (x) =1 V x € (0, 5). Function f(x) is continuous for
all x € (0, 5) — {1, 2, 3, 4} (at x = 1, 2, 3, 4 f(x) may or may not be continuous). Find the number of
possible function f(x) if it is discontinuous at
(@ One integral points in (0, 5) (i) two integral points in (0, 5)

(iii) three integral points in (0, 5) (iv) four integral points in (0, 5)

45. Let f(x) is increasing and double differentiable function everywhere such that f(x) = x has 3 distinct root
a, B and y(a < B <y). h(x) = lim (f(f(....(F(x))))

() Iff'(x)>0 VX € (—»o, B) and f'(x) <0 V x € (B, «) and f'(B) = O, then find h(x)
(i) If f(x) > X V X € (-0, B] and f(X) < x V x e [B,») then find h(x)
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~

13, 1 1
1. =Y a, 2. 20 3. -np 4. Je 5. = 6. —
2 i; 2 4\/5
(4m+1)°
7 0 8 — 9 k=0 10 0
(4n+1)
13. Domain =R — {an—g, kez} , Rangez{O}u{krw%, kez}
14, a8 15, PZ9 16 1 17. 0 18, =2
b,b, 2 9
19. f(x) is discontinuous at integral multiples of =
1 1 . .
20. —, = (In 2)? 22. no value of f(0) 23. 1 24, Discontinuous
J2' 8
27. 5 28. discontinuous at x = 0 and not differentiable at x = 0, 2
29. f(x) is continuous and non-differentiable for integral points
30. At x = 0 differentiable and at x = +1 discontinuous
31. discontinuous and non-differentiable
32. f is continuous & derivable at x = —1 but fis neither continuous nor derivable at x = 1
X2
33. continuous in 0 < x < 1 & not differentiable at x =0 34. > +C
X+1
35. f(x) = e*/n|x| 36. f(10) = 10 37. 1 38. 26 41. f(x) = log(x)
X —
43. @) 2p (i) 8 44, (i) 24 (i) 108 (iii)) 216 (iv) 162
a , Xe(-wopB) o , Xe(—wo, a]
45. (i) hx)=4B ., x=B (i) hx)=<B ,  (o7)
Yy ., Xe(B ») VA V)
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