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Single Correct Answer Type

Let f:[—10,10] — R, where f(x) = sinx + [x2?/a] be an odd function. Then the set of values of parameter

ais/are
a) (—10,10)~{0} b) (0,10) ¢) [100, ) d) (100, )
If the graph of the function f(x) = x"iz;il) is symmetrical about y-axis, then n equals
a) 2 2 1 1
b) = - d) —=
)3 2 4 ) 3
: . 1 ).
The domain of the function f(x) = |[log (Isinxl) is
a) R — {—m, m} b) R — {nm|n € Z} c) R —{2nm|n € z} d) (—oo, )
Let f(x) = %, x # —1. Then for what value of « is f(f(x)) = x?
a) 2 b) — /2 01 d)—1
If f: [1,00) —[2, ) is given by f(x) = x + %, then f~1(x) equals
+ Vy2 — 4 X —Jy2 — 4
a)% b) T3 c)(xz# d)1+/x2 — 4

The domain of f(x) = sin"![2x? — 3], where [.] denotes the greatest integer function, is

3 |3 b 3 1o 5 |5
DN~ 7 2 =z 2’ |2
5 |5 q 5 ot 5
I~ |2z W~z ' |2
Domain of definition of the function f(x) = fsin‘(Zx) + % for real valued x, is

11 11 11 11
3|33 5|-33 9 (~3+5) |-33
Let f: R = R,g: R — R be two given functions such that f is injective and g is surjective, then which of the
following is injective?
a) gof b) fog c) gog d) None of these
LetX = {aq,ay, ...,ag} and Y = {by, by, b3}. The number of functions f from x to y such that it is onto and
there are exactly three elements x in X such that f(x) = b, is

a) 75 b) 90 c) 100 d) 120
f:N - N where f(x) =x — (—1)* then f is
a) One-one and into b) Many-one and into c) One-one and onto d) Many-one and onto

If f is a function such that £(0) = 2, (1) = 3 and f(x + 2) = 2f(x) — f(x + 1) for every real x, then f(5)
is

a) 7 b) 13 )1 d) 5
The domain of the function f(x) = log, (—log1/2 (1 + #) - 1) is
a) (0,1) b) (0, 1] c) [1,0) d) (1, 0)
The domain of f(x) = /2{x}? — 3{x} + 1, where {.} denotes the fractional part in [—1, 1], is
1 1 1
Q) [-1,11~(,1) ) [~1.-5] ufo.5] v
1 1
9 |-14] 9 |-31]

Let f: R = Rand g: R — R be two one-one and onto functions such that they are the mirror images if each
other about the line y = a. If h(x) = f(x) + g(x), then h(x) is
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a) One-one and onto. b) Only one-one and not onto.

c) Only onto but not one-one. d) Neither one-one nor onto.
The range of f(x) = sec™(logs tanx + 10gian x 3) is

2) [ ) (n 2 b) [0’%) 9 (Z?H n] d) None of these
The domain of deflnition of the function f(x) given by the equation 2* 4+ 2Y = 2 s
a)0<x<1 b)0<x<1 ) —o<x<0 d)—co<x<1
The domain of f(x) is (0, 1), then, domain of f(e*) + f(In|x|) is
a) (—1,e) b) (1,e) c) (—e,—1) d) (—e 1)

2

Iff(x) = {xx: ?g;i i 8 then fof (x) is given by
a) x> forx >0,xforx <0 b) x* forx > 0, x? forx < 0
c)x4forx>0—x2forx<0 d) x*forx > 0,xforx <0
The function f(x) = m [x] denotes the greatest integer less than or equal to x, is defined for all
X €
a)R
b)R—{(-1, 1) u{nln € Z}}
c) R*—(0,1)
d)R* — {n|n € N}
Let f: [—E Zn] — [0, 4] be a function defined as f(x) = V3 sinx — cosx + 2. Then f~1(x) is given by
2) sin-1 (x ; 2) _% b) sin-1 (x ; 2) +% 0 Z?n + cos-1 (ﬂ) d) None of these
Let f: N - N defined by f(x) = x* + x + 1,x € N, then f is
a) One-one onto b) Many-one onto c) One-one but not onto d) None of these
Iff(3x +2) + f(3x + 29) = 0V x € R, then the period of f(x) is
a)7 b) 8 c) 10 d) None of these

Which of the following functions is periodic?
a) f(x) = x — [x] where [x] denotes the largest integer less than or equal to the real number x

b) f(x) = sin% forx #0,f(0) =0
c) f(x) =xcosx
d) None of these

2 . TIX
— 1
If f(x) = {x sinZ <1 en Foy s
x|x|, |x| =1
a) An even function b) An odd function c) A periodic function d) None of these
. . __sin71(3-x)
The domain of the function f(x) = D
a) [2,4] b) (2,3) U (3, 4] c) [2,0) d) (=0, —3) U [2, )
If f(x) is an even function and satisfies the relation x2f (x) — 2f (%) = g(x) where g(x) is an odd function,
then f(5) equals
49
a)0 b) 50 e d) None of these
75 75

Iff(x) = S";Er[xz) where [.] denotes the greatest integer function, then

a) f is one-one

b) f is not one-one and non-constant

c) f is a constant function

d) None of these

If x satisfies [x — 1| + |x — 2| + |x — 3| = 6, then

a)0<x<4 b)x < —-2orx =>4 c)x<0orx =>4 d) None of these
The period of function 2t} + sin 7 x + 3%/2} + cos 2mx (where {x} denotes the fractional part of x) is
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a) 2 b) 1 c)3 d) None of these

2X
If f(x) = (—1)[?],g(x) = |sinx| — |cos x| and @(x) = f(x)g(x) (where [.] denotes the greatest integer
function) then the respective fundamental periods of f(x), g(x) and f(x), g(x)and @(x) are

T n
a)m,m,T b) w2, ) n,n,z d) T[,E,T[
The range of sin™! [xz + %] + cos™?! [xz - %], where [.] denotes the greatest integer function, is

T T d) None of these
2) {77} b) {r} 9 {3}

If f(x) and g(x) are periodic functions with period 7 and 11, respectively. Then the period of F(x) =
feg (%) —ef (5)is

a) 177 b) 222 c) 433 d) 1155

The exhaustive domain of f(x) = Vx12 —x% + x* —x + 1 s

a) [0, 1] b) [1,0) c) (—oo,1] d) R

LetE ={1,2,3,4}and F = {1, 2}. Then the number of onto functions from E to F is

a) 14 b) 16 ) 12 d)8

If f(x) = sinx + cosx, g(x) = x? — 1, then g(f (x)) is invertible in the domain

a) [0,5] b) [-Z.7] 9 [-5.5 d) [0, 7]
2 44 22

The range of the function f(x) = zi::i:

a) (—oo, ™) b) [0,1) c) (—1,0] d(-1,1)

Let f be a function satisfyingof x then f(xy) = % for all positive real numbers x and y if f(30) = 20,
then the value of f(40) is

a) 15 b) 20 ¢) 40 d) 60
The range of f(x) = sin™! (ij:;) Is
a) [0,m/2] b) (0,7/6) c) [t/6,m/2] d) None of these

Domain (D) and range (R) of f(x) = sin"!(cos™1[x]) where [.] denotes the greatest integer function is
a)D=x€[1,2),R € {0}
b)D=x€[0,1],R ={-1,0,1}

cD=xe[-1,1],R= {O, sin™! (g),sin‘l(n)}

d)D=x€[-1,1,R= {—E,o,z}

2°72
The range of the function f(x) =77% P,_5 is
a) {1, 2, 3} b){1,2,3,4,5, 6} c) {1,2,3,4} d){1,2,3,4,5}
2
If x is real, then the value of the expression x;lﬂ lies between
x2+2x+3
a) 5and 4 b) 5and —4 c) =5and 4 d) None of these
The domain of the function f(x) = ad nez)ls

Jsin(In x)—cos(In x)

a) (eanr e,(3n+1/2)1‘[) b) (e(2n+1/4)7t’e(2n+5/4)11)

c) (e(@nt1/Mm o(3n=3/1m) d) None of these

Ifaf(x + 1) + bf (ﬁ) =x,x # —1,a # b, then f(2) is equal to

2) 2a+b b) a 0 a+2b d) None of these
2(a? — b?) a? —b? a? — b?

The range of f(x) = [|sin x| + |cos x|], where [.] denotes the greatest integer function, is

a) {0} b) {0, 1} c) {1} d) None of these

The number of roots of the equation x sinx = 1,x € [—2m,0) U (0, 2], is

a) 2 b) 3 c) 4 d) o

If f(2x + 3y,2x — 7y) = 20x, then f(x,y) equals
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a) 7x — 3y b) 7x + 3y c)3x—7y
The range of f(x) = sin™}(Vx2 + x + 1) is

I I T T
) (0.3] by (0.3] 9 53]

The function f(x) = sin(log(x + V1 + x?)) is
b) 0dd function
sinx +cosx, 0 <x <§

a) Even function c) Neither even nor odd

Let f(x) = a, x =m/2 then its odd extension is
tan?x + cosecx, m/2 <x <m
s
—tan? x — cosecx, —T<x<— > (—tan? x + cosecx,
T
a) < —a, X = -3 b) < —a,
. 7T .
| —sinx + cosx, —E<x<0 sin x — cos x,
( 2 T 2
—tan“ x + cosecx, —nT<x< _E tan“ x + cos x,
T
c) 3 a, x = -3 d) < —a,
- n -
sinx — cos x, —E<x<0 | sinx + cosx,

Let f(x) = (x + 1)2 — 1,x = 1, Then the set {x: f (x) = f~1(x)}is

d) x — ky

@) [z.3]

d) Periodic function

<x<-—2
T X 2
__T
=73
—E<x<0
2
r<x<-—=2
T 2
T
2
—E<x<0
2

d) None of these

-3+iV3 —=3-iV3
a) 0; _1r ) b) {OJ 1' _1}
2 2
c) {0,—1} d) empty
The domain of the function f(x) = \/x? — [x]?, where [x] = the greatest integer less than or equal to x, is
a) R b) [0' +OO) C) (—OO, 0]
If the period ofM, n € N, is 6w, then n is equal to
tan(x/n)
a)3 b) 2 c)6

d)1

Let R be the set o real numbers. If R - R is a function defined by f(x) = x?, then f is

a) Injective but not surjective

c) Bijective d) Nine of these

b) Surjective but not injective

The range of f(x) = [sinx + [cos x+ [tanx + [sec x]]” ,x € (0,m/4), where [.] denotes the greatest

integer function < x, is

Letf:R - [0, g) defined by f(x) = tan"1(x? + x + a), then the set of values of a for which f is onto is
1
a) [0, ) b) [2,1] B [Z' oo)
. . _ 1 .
The domain of the function f(x) = Jir—tontol is
a) (7—+/40,7 +v40)  b) (0,7 +40) c) (7 — V40, )
Range of the function f(x) = iz:i ;X ERis
a) (1,00) b) (1,11/7) c) [1,7/3]

d) None of these

d) None of these

d) None of these

d) (1,7/5)

The function f: R — R is defined by f(x) = cos? x + sin* x for x € R, then the range of f(x) is

)| of) o

Cos x

o)

flx) = W where x is not an integral multiple of = and [.] denotes the greatest integer function is

T 2

c) Neither odd nor even
1
3

a) An odd function b) Even function

The number of solutions of the equation [y + [y]| = 2 cosx, where y = = [sinx + [sinx + [sin x]]] (where

d) None of these
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[.] denotes the greatest integer function) is

a) 4 b) 2 c) 3 d) 53
The graph of (y — x) against (y + x) is shown
v -x)

0 +x)

Which one of the following shows the graph of y against x?
y y
a) b)
X o
d) |

X
Y

-1, x<0
Letg(x) =1+ x—[x]and f(x) =4{ 0, x =0 Then forall x, f(g(x)) is equal to (where [.] represents
1, x>0
greatest integer function)
a) x b) 1 c) f(x) d) g(x)
Let f(x) = x + 2|x + 1| + 2|x — 1|. If f(x) = k has exactly one real solution, then the value of k is
a) 3 b) 0 1 d) 2
If f(x) = ax” + bx3 + cx — 5,a, b, c are real constants and f(—7) = 7, then the range of f(7) + 17 cos x is
a) [—34, 0] b) [0, 34] c) [—34, 34] d) None of these

If [cos™! x] + [cos™1 x] = 0, where [.] denotes the greatest integer function, then the complete set of values
of x is
a) (cos1,1] b) (cos1,cot1) c) (cot1,1] d) [0,cot 1)

The range of f(x) = \](1 — cos x)\/(l — cos x)\/(l — oS X)V...00 s

a) [0, 1] b) [0,1/2] c) [0, 2] d) None of these

The values of b and ¢ for which the identity f(x + 1) — f(x) = 8x + 3 is satisfied, where f(x) = bx? +
cx +d, are

a)b=2,c=1 b)b=4,c=-1 cab=-1c=4 db=-1c=1

If the graph of y = f(x) is symmetrical about lines x = 1 and x = 2, then which of the following is true?
a) f(x+1) =f(x) b) f(x+3) = f(x) c) f(x+2)=f(x) d) None of these

If the function f:[1, ) —:[1, o) is defined by f(x) = 2**~1, then f~*(x) is

1 x(x—-1) 1
a) (E) b)§(1+,/1+410g2x)
1 .
c) o (1 — /1 + 4log, x) d) Not defined

Which of the following functions is inverse to itself ?
d) None of these

) f0) =1 b) f o) = 5% ) fG) = 240D
The domain of the function f(x) = logs,,(x% — 1) is
a) (—3,-1) U (1,m) b) [-3,—1) U [1, )
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If f: X = Y, where X and Y are sets containing natural numbers, f(x) = % then the number of elements

in the domain and range of f (x) are respectively

a)land 1 b)2and 1 c) 2and 2 d) 1and 2

Given the function f(x) = o +2a_x (wherea > 2). Then f(x +y) + f(x —y) =

2) 2£ (0. f ) b) (0. ) ot @) None of these
Letf(n) =1 +%+§+ ---+%,thenf(1) + f(2)+ f(3) + -+ f(n) is equal to

aynf(n) —1 b)(n+1)f(n)—n c) (m+1Df(n)+n d)nf(n) +n
The domain of f(x) = cos™! (Z—Tlxl) + [log(3 — x)]1Is

a) [-2,6] b) [-6,2) U (2,3) c) [-6,2] d)[-2,2]U (2,3)

If the function f:[1,0) — [1, ) is defined by f(x) = 2%(x=1) then 100 1s
x(x—-1) 1
2) (%) b)5(1+ 1+ 4log, x)
1 .
c) > (1 — 1+ 4log, x) d) Not defined

Iff (x + %) +f (x - %) = f(x) for all x € R, then the period of f(x) is
a) 1 b) 2 c) 3 d) 4

. . 1
The domain of the function f(x) = NETRCTRLTS
x—17 X

contains the points

a)9, 10,11 b) 9,10, 12 c) All natural numbers  d) None of these
The function f: N — N (N is the set of natural numbers) defined by f(n) = 2n + 3 is
a) Surjective only b) Injective only c) Bijective d) None of these
Iff:R* > R, f(x) + 3xf (%) = 2(x + 1), then £(99) is equal to
a) 40 b) 30 c) 50 d) 60
If [x] and {x} represent the integral and fractional parts of x, respectively, then the value of };229° % i
a) x b) [x] c) {x} d) x + 2001
If f:[0,00] = [0,00] and f(x) = 1%, then f is
a) One-one and onto b) One-one but not onto
c) Onto but not one-one d) Neither one-one nor onto
_ x, x isrational .
Iff00) = {1 — x, x isirrational then f(f(x)) is
_( x, x is irrational
a)xvx ER b) = {1 —x, x is rational
{ X, X is rational d) None of these
) L .
1—x, x is irrational

Let h(x) = |kx + 5|, the domain of f(x) is [—5, 7], the domain of f(h(x)) is [—6, 1] and the range of h(x) is
the same as the domain of f(x), then the value of k is
a) 1l b) 2 c)3 d) 4

Fx) = { X, ifx. is. ratignal an

0,if x is irrational

0, if x is rational .

fx) = {x, if x is irrational Then, f — g is
a) One-one and into b) Neither one-one nor onto
c) Many one and onto d) One-one and onto
The domain of f(x) = log|log x| Is
a) (0, ) b) (1, ) c) (0,1) U (1, ) d) (-, 1)
If f: R — R is an invertible function such that f(x) and f ~1(x) are symmetric about the line y = —x, then

a) f(x) is odd
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b) f(x) and f~1(x) may not be symmetric about the line y = x
c) f(x) may not be odd
d) None of these

88. Iff(Zx +§,2x —%) = xy, then f(m,n) + (n,m) =0

a) Only whenm =n b) Only whenm # n c) Only whenm = —n d) Forallmandn
89 The period of the function f(x) = csm2x+sm2(x+§)+c°sx cos(+3) is (where c is constant)
2
am d) Cannot be determined

90. The range of f(x) = [1 + sinx] + [2 + sin g] + [3 + sin g] + e+ [n + sin ﬂ ,V x € [0, ], where [.] denotes

the greatest integer function, is

n+n-2nn+1) nn+1)
o= i
C){n2+n—2 n(n + 1) n2+n+2} d){n(n+1) n2+n+2}
2 ’ 2 ’ 2 2 ’ 2

91. Therangeof f(x) = (x + 1)(x + 2)(x + 3)(x +4) + 5forx € [—6,6] is

a) [4,5045] b) [0, 5045] c) [—20,5045] d) None of these
92. If f(x) = log, (%), then the range of f(x) is

a) (0,1) b) [0, 1] ) [0,1) d) (0, 1]

93. Let f(x) = /|x| — {x} (where {} denotes the fractional part of x) and X, Y are its domain and range,
respectively, then
1 1 1 1
a) x € (_OO'E) andY € [E’OO) b) X € (—00,—5] U [0,00) andY € I:E,OO)
A Xe (_Oo, _%] U [0,0) and Y € [0, ) d) None of these
94. If X andY are two non-empty sets where f: X — Y is function is defined such that
f©) ={f(x):xeCiforC =X
And f~1(D) = {x: f(x) € D}for D €Y,
ForanyA € X and B € Y, then

a) f7H(f(4)) =4 b) f1(f(4) = Aonlyif f(X) =Y
o) f(f~%(B)) =Bonlyif B € f(x) df(F*B) =8
95 Possible values of a such that the equation x? + 2ax + a = /az +x— % — %, x = —a, has two distinct
real roots are given by
3
a1 b) [, 0) ) [0,0) Q) (3.)
96. If f(x) is a polynomial satisfying f(x)f(1/x) = f(x) + f(1/x) and f(3) = 28, then f(4) is equal to
a) 63 b) 65 c) 17 d) None of these
97. If f(x+f(y)) =f(x)+yVx,y €Rand f(0) = 1, then the value of f(7) is
a) 1 b) 7 c)6 d)8
98. If f(x) = cos(log, x), then f (x)f(y) — % [f (g) + f(xy)] has the value
a) -1 b) 1/2 c) -2 d) None of these
99. If f is periodic, g is polynomial function and f(g(x)) is periodic and g(2)=3, g(4)=7 then g(6) is
a) 13 b) 15 c) 11 d) None of these
100. A function F (x) satisfies the functional equation x2F (x) + F(1 — x) = 2x — x* for all real x. F(x) must be
a) x? b) 1 —x? c) 1+x? d)x?+x+1

101. The total number of solutions of [x]? = x + 2{x}, where [.] and {.} denote the greatest integer function and
fractional part, respectively, is equal to
a) 2 b) 4 c)6 d) None of these
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102. The domain of definition of the function y = m +Vx+2=
104+

a) (-3,-2) excluding -2.5 b) [0, 1] excluding 0.5 c) [-2,1) excluding 0 d) None of these
103. Let f(x) = sinx and g(x) = log,|x|. If the ranges of the composition function fog and gof are R, and R,,
respectively, then
a)R,={u:—-1<u<1}R, = {vi—0<v <0}
b)R; ={u:—o <u <0}, R, = {v:i—0 < v <0}
R ={fu—-1<u<1}R, = {vi—0o<v <0}
AR, ={u:—-1<u<i1}R,= {vi—0<v <0}
104. Let f(x) = ([a]?> — 5[a] + 4)x3 — (6{a}? — 5{a} + 1)x — (tanx) X sgn x be an even function for all x € R,
then the sum of all possible values of ‘a’ is (where [-] and {-} denote greatest integer function and

fractional part functions, respectively)

17 53 31 35
a) — b) — c) — d) —
)~ )= )3 )3

105. The range of the function f defined by f(x) = [ L ] (where [.] and {.} respectively denote the greatest

sin{x}

integer and the fractional part functions) is
a) I, the set of integers b) N, the set of natural numbers
c) W, the set of whole numbers d){1,2,3,4,.}
106. The period of the function f(x) = [6x + 7] 4 cos mx — 6x, where [.] denotes the greatest integer function,
is

a)3 b) 2 c) 2 d) None of these
107-1f f(x + y) = f(x). f () for all real x, y and f(0) # 0, then the function g(x) = 1+{f(2)}2 is
a) Even function b) 0dd function c) Oddiff(x) >0 d) Neither even nor odd

108. A real-valued function f (x) satisfies the functional equation f(x —y) = f(x)f(y) — f(a — x)f(a + y),
where a is a given constant and f(0) = 1. f(2a — x) is equal to

a) f(x) b) —f (x) c) f(=x) d) f(a) + f(a—x)
109. If f and g are one-one function, then

a) f +gis one-one b) f gis one-one c) fogis one-one d) None of these
110. x0<x<1

Letfi(x)] 1Lx>1 andf,(x) = fi(—x) forallx
0, otherwise
f3(x) = —f,(x) forall x
fa(x) = f3(—x) forall x
Which of the following is necessarily true?
a) fo(x) = fy(x) forall x
b) f1(x) = —f3(—x) for all x
c) fo(=x) = fu(x) forall x
d) fi(x) + f3(x) = 0 forall x
111. The range of the function f(x) = [x — 1| + |x — 2|,-1 < x < 3,is

a) [1, 3] b) [1, 5] c) [3,5] d) None of these
112. Let f(x) = |x — 1|. Then
a) f) = () b) f(x +¥) = f() + ()
o) fUxD = 1f (ol d) None of these
113. The number of real solutions of the equation log, s|x| = 2|x] is
a) 1l b) 2 )0 d) None of these
114. The function f satisfies the functional equation 3f (x) + 2f (92:_519) = 10x + 30 for all real x # 1. The value
of f(7)is
a)8 b) 4 c) -8 d) 11

115. Letg(x) = f(x) — L.If f(x) + f(1 — x) = 2V x € R, then g(x) is symmetrical about
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a) Origin b) The line x = 1 ¢) The point (1,0) d) The point (3, 0)

11e. The range of f(x) = cos™ 1( )+\/2—x is
T T
a) {0,1 +§} b) {0,1 + 1} 0) {1,1+5} d){1,1+ 1}
117.1f f(x + 1) + f(x — 1) = 2f(x) and f(0) = 0, then f(n),n € N, is
a) nf(1) b) {f (D} c)0 d) None of these

1
{sin x}+{sin(m+x)}

118. The domain of the function f(x) = where {-} denotes the fractional part, is

a) [0, 7] b)2n+1)n/2,neZ ¢) (0,m) d) None of these
119. 1/2
The domain of the function f(x) = [logw (Sx z )] Is
a) —o < x < b)1<x<4 c)4<x<16 d-1<x<1
120. The period of the function |sin3 §| + |cos5 §| is
a) 2m b) 107 c) 8w d) 5«
121. The entire graph of the equation y = x? + kx — x + 9 is strictly above the x-axis if and only if
a)k<7 b)-5<k<7 ck>-5 d) None of these
122. i =1
The domain of f(x) T is
a) [-2nm, 2nw],n € Z b) 2nm,2n + 1n),n € Z
(4n+ 1D (4n+3)m (4n—1Dm (4n+ Dn
) < > , > ,NEZ d) > , > ,NEZ
123. Let f: X - yf(x) = sinx + cos x + 2v/2 is invertible. Then which X — Y is not possible?
s 57T 3t
Q) |74 - [V2:3v2] o [-2.5 - vz 3v2]
0 [ 37‘[ 371] [\/_ 3\/—] d) None of these

1241 f(x) = ;,g(x) = ; and h(x) = x?
a) fog(x) = x* x # 0,h(g(x)) =
1
b) h(g(x)) = = X # 0, fog(x) = x?

c) fog(x) = x%,x # 0,h(g(x)) = (g(x))%x # 0
d) None of these
125.1f f: R — R is a function satisfying the property f(2x + 3) + f(2x + 7) = 2,V x € R, then the fundamental

period of f(x) is

a) 2 b) 4 c) 8 d) 12
126. . __logy(x+3)

The domain of f(x) = s

a)R—{-1,-2} b) (=2, o) c) R—{-1,-2,-3} d) (=3,00) — {—1,-2}
127. The sum of roots of the equation cos™! (cos x) = [x], [.] denotes the greatest integer function is

a)2m+3 b)m+3 cm—3 d)2r -3
128. The domain of definition of f(x) = long(—x+3) is

x2+3x+2
a) R—{-1,-2} b) (=2, o) c) R—{-1,-2,-3} d) (—3,00) — {—1,-2}

n(n+1)

129. The period of f(x) = [x] + [2x] + [3x] + [4x] + -+ [nx] —

greatest integer function)

x, where n € N, is (where [-] represents

b) 1 d) None of these

1
c)—

130. The number of solutions of tan x — mx = 0, m>1in ( Z :) is

a)l b) 2 3 d)m
131. The domain of f(x) =In (ax3 + (a + b)x? + (b + ¢)x + ¢), where a > 0,b? — 4ac = 0, is (where [-]

an
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132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

represents greatest integer function).

b b b d) None of these
_ S b S 12
a) (-1, )~ {- -} ) (e~ {- ) 9 (1,0~ {->
If f(x) = maximum {x3,x2,i} Vx € [0, ), then
x?, 0<x<1
a)f(x)—{ x3, x>1
1 0 < <1
64 =*=7
= 1
b) £(x) <x2, Z<x§1
x3, x>1
(1 0< <1
64 =%=3
= 1
) f(x) <xz, §<xS1
x3, x>1
1 0 < <1
d) f(x) = {64’ =¥=3%

x3, x>1/8

cos(sin(nx))

If the period of —~—,n € Nis6mthenn =
tan(Z)
a) 3 b) 2 c)6 d)1
The domain of the function £ (x) = /Inyx—1)(x? + 4x + 4) is
a) [-3,—-1] v [1,2] b) (—2,-1) U [2,0)
c) (o, —3]U (-2,—-1) U (2,0) d) None of these
The number of solutions of 2 cos x = |sinx|,0 < x < 4, is
a)o b) 2 c) 4 d) Infinite
Function f: (—o0,—1) - (0, 5] defined by f(x) = e*’~3%+2 g
a) Many-one and onto b) Many-one and into c) One-one and onto d) One-one and into
IfFF(n+1) = 2®* ) — 1,2, ... and F(1) = 2, then F(101) equals
a) 52 b) 49 c) 48 d) 51
The equation ||x — 2|+a| = 4 can have four distinct real solution for x if a belongs to the interval
a) (—oo,—4) b) (—, 0] c) [4, ) d) None of these

Let f(x) = ele™senx} ang g(x) = ele™senx} x € R where {} and [ | denotes the fractional and integral part
functions, respectively. Also h(x) = log(f(x)) + log(g(x)) then for real x, h(x) is

a) An odd function. b) An even function.

c) Neither an odd nor an even function. d) Both odd as well as even function.

If f(x) = VYx™,n € N, is an even function, then m is

a) Even integer b) Odd integer

c) Any integer d) f(x)-even is not possible

Ifg(x) =x?+x—2and %gof(x) = 2x? — 5x + 2, then which is not a possible f(x)?

a)2x —3 b) —2x + 2 c)x—3 d) None of these
Iflog;(x%? — 6x + 11) < 1, then exhaustive range of values of x is

a) (=00,2) U (4, ) b) (2,4)

c) (—,1) U (1,3) U (4,») d) None of these

Iff(x+y)=fx)+f(y) —xy—1Vx,y € Rand f(1) = 1, then the number of solutions of f(n) =n,n €
N is
a)o b) 1 c) 2 d) More than 2

2
If g:[—2,2] = R where f(x) = x3 + tanx + [fol] is a odd function, then the value of parametric P where
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145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

[.] denotes the greatest integer function is

a)-5<P<5 b)P <5 c)P>5 d) None of these
Let Sbe the set of all triangles and R* be the set of positive real numbers. Then the function f: S —
R*, f(A) = area of A, where A€ S is

a) Injective but not surjective b) Surjective but not injective

c) Injective as well as surjective d) Neither injective nor surjective

The second degree polynomial f(x), satisfying f(0) =0,f(1) =1, f'(x) > 0forallx € (0,1)
a)f(x)=¢ b) f(x) = ax + (1 — a)x?;Va € (0, )
c) fx) =ax+ (1 —a)x?,a € (0,2) d) No such polynomial

Let f(x) be defined for all x > 0 and be continuous. Let f(x) satisfy f (i) = f(x) — f(y) forall x,y and
f(e) = 1. Then
a) f(x) is bounded b) f(%) - 0asx -0 c) xf(x)>1lasx—0 d) f(x) =log, x

Multiple Correct Answers Type

Letf(x) + f(y) = f(x\/l —y2+yV1-— xz)(f(x) is not identically zero). Then
a) f(4x3 =3x)+3f(x) =0 b) f(4x3 —3x) + 3f(x)
o) f (2x/1-x2) +2f(x) =0 d) £ (22041 — %) + 2f (x)

If f(x) = cos[m?]x + cos[—m?]x, where [x] stands for the greatest integer function , then

a) f(5)=-1 b) f(n) = 1 Q) f(-m) =0 af(7)=1

Which of the following pairs of functions is/are identical?

a) f(x) = tan(tan~! x) and g(x) = cot(cot™! x)

b) £(x) = sgn (x) and g(x) = sgn (sgn(x))

c) f(x) = cot? x.cos? x and g(x) = cot? x — cos? x

d) f(x) = e"sec™ ¥ and g(x) = sec 1 x

Which of the following is/are not a function ([.] and {.} denotes the greatest integer and fractional part
functions respectively)?

1 x! In(x — 1)
a) m b @ c) x!{x} d) —m
If f(x) = 3x — 5, then f~1(x)
a) Is given by 3;—_5 b) Is given by %5
c) Does not exist because f is not one-one d) Does not exist because f is not onto

If f(x) is a polynomial of degree n such that f(0) = 0, f(1) = % e f(n) = # then the value of f(n + 1)
is
a) 1 whennis odd b) % when n is even c) — ﬁ whennisodd  d)—1whenniseven

If f:R = N U {0}, where f (area of triangle joining points P (5, 0), Q(8,4) and R(x, y) such that the angle
PRQ is a right)=number of triangle. Then, which of the following is true?

a) f(5) =4 b)f(7)=0 c) f(6.25) =2 d) f(x) is into
Let f: R = R be a function defined by f(x + 1) = ;Eg:: Vx € R. Then which of the following statement(s)

is/are true
a) f(2008) = f(2004) b) f(2006) = f(2010) ) f(2006) = f(2002) d) f(2006) = £(2018)

The domain of the function f(x) = log, {log|sinx|(x2 —8x +23) —

- } contains which of the
log,|sin x|

following interval/intervals.

a) (3,m) b) (n, E) J (37” 5) d) None of these
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157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

Let f(x) = sec™![1 + cos? x] where [.] denotes the greatest integer function. Then

a) The domain of f is R b) The domain of f is [1, 2]

c¢) The domain of f is [1, 2] d) The range of f is {sec™1 1,sec™! 2}

f(x) =x?—2ax +a(a + 1), f:[a,) - [a,»).If one of the solutions of the equation f(x) = f~1(x) is
5049, then the other may be

a) 5051 b) 5048 c) 5052 d) 5050

f:R - [—1,) and f(x) = In([|sin 2x| + |cos 2x|]) (where [.] is the greatest integer function).

a) f(x) has range Z

b) f(x) is periodic with fundamental period /4

¢) f(x) is invertible in [0, %]

d) f (x) is into function
If f (x) satisfies the relation f(x +y) = f(x) + f(y) forall x,y € R and f(1) = 5, then

a) f(x) is an odd function b) f(x) is an even function

m m

Sm(m+2

9 Y f()=5m1c, 0 =D

r=1 r=1
Let f(x) = max{1 +sinx,1,1 — cosx},x € [0,2n] and g(x) = max{1, |[x — 1|}x € R, then
a) g(f(0) =1 b) g(f (1) =1 o f(f(0) =1 d) f(g(0)) =1 +sin1
Ify=f(x)= i—jthen
a)x = f(y) b) f(1) =3
c) y increases with x for x < 1 d) fis a rational function of x
If the function f satisfies the relation f(x + y) + f(x —y) = 2f (x)f(¥)Vx,y € R and f(0) # 0, then
a) f(x) is an even function b) f(x) is an odd function
c)Iff(2) =athenf(-2) =a d)Iff(4) = bthen f(—4) =—b
Ifg(f(x)) = Isinx| and f(g(x)) = (sin \/E)Z,then
a) f(x) = sin®x,g(x) = Vx b) f(x) = sinx, g(x) = |x|
o) f(x) = x2,g(x) = sinVx d) f and g cannot be determined
Which of the following function is/are periodic

(1, x is rational

a) f(x) = {0, x is irrational

x—[x]; 2Zn<x<2n+1

b)f(X)={1

L mtl<x<2nt? , where [.] denotes the greatest integer function, n € Z

2X
A fx) = (—1)[?], where [.] denotes the greatest integer function

a) f(x) =x—[x+ 3] +tan (nz—x) , where [.] denotes the greatest integer function, and a is a rational

number
Let g(x) be a function defined on [—1, 1]. If the area of the equilateral triangle with two of its vertices as

(0, 0) and (x, g(x)) is V3/4 then the function g(x)is

a) g(x) = +v/1 — x? b) g(x) =1 —x2 A g(x) = —vJ1—x2 d) g(x) =1+ x2
Let f(x) = zx + 1, and f™(x) be defined as f2(x) = f(f(x)), and forn > 2, "1 (x) = f(f™(x)).If
A =lim,_, f™(x), then

a) Aisindependent of x

b) Ais a linear polynomial in x

c) The line y = A has slope 0

d) The line 4y = A touches the unit circle with centre at the origin
If the following functions are defined from [—1, 1] to [—1, 1], select those which are not objective

a) sin(sin~1 x) b) %sin_l(sin x) c) (sgn(x))In(e*) d) x3(sgn(x))

Consider the real-valued function satisfying 2f (sinx) + f(cos x) = x. then
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170.

171.

172.

173.

174.

175.

a) Domain of f(x)is R b) Domain of f(x)is [—1, 1]

c) Range of f(x) is [ 2 E] d) Range of f(x) is R

3’3
Let f(x) = sgn(cot™! x) + tan (g [x]), where [x] is the greatest integer function less than or equal to x.
Then which of the following alternatives is/are true?
a) f(x) is many one but not even function
b) f(x) is periodic function
) f(x)is bounded function
d) Graph of f(x) remains above the x-axis
Which of the following function/ functions have the graph symmetrical about the origin?

a) f(x) given by £(x) + f(») = f (=)

1-xy

b) £(x) given by £(x) + F(») = f(xJT=yZ + yWI—x?)
c) f(x) givenby f(x +y) = f(x) + f(y)Vx,y ER
d) None of these
If f:R* > R* is a polynomial function satisfying the functional equation f(f(x)) = 6x — f(x), then f(17)
is equal to
a) 17 b) =51 c) 34 d) —34
Which of the following functions are identical?
a) f(x) =Inx?andg(x) = 2Inx

_ !
b) f(x) = log, e and g(x) = (=
c) f(x) = sin(cos™! x) and g(x) = cos(sin™! x)
d) None of these
Consider the function y = f(x) satisfying the condition f (x + i) =x?+ % (x # 0), then

a) Domain of f(x)is R b) Domain of f(x)is R — (=2, 2)
c) Range of f(x) is [—2, ) d) Range of f(x) is [2, o)

_(x?*—4x+3, x<3 _{ x—3,x<4 . o )
Let f(x) = { Y4 x>3 and g(x) = L2242 x> 4 then, which of the following is/are true?

a) (f +8)(3.5) =0 b) f(g(3)) =3 A (fa() =1 df-9@) =0

Assertion - Reasoning Type

This section contain(s) 0 questions numbered 176 to 175. Each question contains STATEMENT 1(Assertion)
and STATEMENT 2(Reason). Each question has the 4 choices (a), (b), (c) and (d) out of which ONLY ONE is
correct.

176

177

a) Statement 1 is True, Statement 2 is True; Statement 2 is correct explanation for Statement 1

b) Statement 1 is True, Statement 2 is True; Statement 2 is not correct explanation for Statement 1
c) Statement 1 is True, Statement 2 is False

d) Statement 1 is False, Statement 2 is True

Consider the functions f:R > R, f(x) = x3and g:R - R,g(x) = 3x + 4.

Statement 1:  f(g(x)) is an onto an function.

Statement 2: g(x) is an onto function.
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Statement 1: f(x) = log, x cannot be expressed as a sum of odd and even function
Statement 2: f(x) = log, x is neither odd nor even function.

178
Statement 1: Function f(x) = x? + tan™! x is a non-periodic function.

Statement 2: The sum of two non-periodic functions is always non-periodic.

179 Consider f and g be real-valued functions such that f(x + y) + f(x —y) = 2f(x).g(y)Vx,y € R.
Statement 1: If f(x) is notidentically zero and |f(x)| < 1Vx € R, then |g(y)| < 1Vy € R.
Statement 2: For any two real numbers x and y, |x + y| < [x| + [y].

180
Statement 1: If f:R —» R,y = f(x) is periodic and continuous function, then y = f(x) cannot be onto.
Statement 2: A continuous periodic function is bounded.

181
Statement 1: [fx € [1,+/3], then the range of f(x) = tan~' x is [/4,7/3].

Statement 2: If x € [a, b], then the range of f(x) is [f (a), f(D)].

182 Consider the function if f(x) = sin(kx) + {x}, where {x} represents the fractional part function.
Statement 1: f(x) is periodic for k = mm where m is a rational number.

Statement 2: The sum of two periodic functions is always periodic.

183
Statement 1: If f(x) = cos x and g(x) = x?, then f(g(x)) is an even function.

Statement 2: Iff(g(x)) is an even function, then both f(x) and g(x) must be even function.

184

2tanx ) __ (1+cos2x)(sin? x+2tanx)

Consider the function satisfying the relation if f (1+tan2x >

Statement 1: Range of y = f(x) is R.
Statement 2: Linear function has range R if domain is R.
185 Letf(x) = (x+1)2 —1,x = —1
Statement 1: Theset{x: f(x) = f~1(x)} = {0,—1}
Statement 2: f is a bijection.
186
Statement 1: f(x) = cos(x? — tan x) is a non-periodic function.
Statement 2: x? — tan x is a non-periodic function.

187
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188

189

190

191

192

193

194

195

196

Statement 1:

Statement 2:

The graph of y = sec? x is symmetrical about y-axis.

The graph of y = tan x is symmetrical about origin.

Consider the functions f(x) = log, x and g(x) = 2x + 3.

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

f(g(x)) is a one-one function.

g(x) is a one-one function.

The solution of equation |[x? — 5x + 4|—|2x — 3|| = [x? —3x + 1| isx € (=, 1] U [%,4].

If|lx +y| = |x| + |y|,thenx.y = 0.

The period of function f(x) = sin{x} is 1, where {.} represents fractional part function.

g(x) = {x} has period 1.

Ifg(x) =f(x) —1.If f(x) + f(1 —x) = 2V x € R, then g(x) is symmetrical about the
point (1/2,0).
Ifg(a —x) = —g(a + x)Vx € R, then g(x) is symmetrical about the point (a, 0).

A continuous surjective function f: R — R, f(x) can never be a periodic function.

For a surjective function f: R = R, f(x) to be periodic, it should necessarily be a
discontinuous function.

The period of f(x) = sinx is 2w = the period of g(x) = |sin x| is 7.

The period of f(x) = cos x is 2 = the period of g(x) = |cos x| is 7.

f(x) = sinx and g(x) = cos x are identical functions.

Both the functions have the same domain and range.

f:N - R, f(x) = sinx is a one-one function.

The period of sin x is 2 and 27 is an irrational number.

f(x) =Vax? + bx + ¢ has arange [0, ®) if b2 — 4ac > 0.

ax? + bx + ¢ = 0 has real roots if b2 — 4ac = 0.
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Matrix-Match Type

This section contain(s) 0 question(s). Each question contains Statements given in 2 columns which have to be
matched. Statements (A, B, C, D) in columns I have to be matched with Statements (p, g, 1, s) in columns II.

197.
Column-I
(A) f(x) =logs(5+ 4x — x?)
(B) f(x) =logs(x* —4x —5)
(© f(x)=logs(x* —4x +5)

(D) f(x) =logs(4x —5—x?)

CODES:

A B C
a) r S q
b) q p r
c) p r q
d) q s p

r

Column- II
(p) Function not defined
(@) [0,0)
(1) (=,2]
(s) R

198. {.} denotes the fractional part function and [.] denotes the greatest integer function:

Column-I

A) fx) = gC0s* mx+x—[x]+cos? mx

(B) f(x) = cos2m {2x} + sin 2m {2x}

(© f(x) =sin3m{x}+ tanm[x]

Column- II
(p) 1/3
(@ 1/4
(r) 1/2

(D) f(x) =3x—[3x+a] —b,wherea,b € R* (s) 1

CODES:

A B C
a) S r S
b) S p S
c) p S S
d) s r p

S

199.Let f: R = R and g: R — R be functions such that f(g(x)) is a one-one function.

Column-I

(A) Then g(x)

Column- II

(p) Mustbe one-one
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200.

201.

(B) Then f(x)
(C) Ifg(x) isonto then f(x)

(D) Ifg(x) isinto then f(x)

CODES :

A B C
a) p q p
b) q p qr
c) q p p
d qr p q

Column-I
(A) x?tanx =1,x € [0, 2m]

(B) 2¢°5* =|sinx|,x € [0, 2m]

(©) If f(x)is a polynomial of degree 5 with real
coefficients such that f(|x|) = 0 has 8 real
roots, then the number of roots of f(x) =0

D) 7|5 —|x|) = 1

CODES :

A B C
a) q s p
b) p s q
c) s q p
d) q p S

The function f(x) is defined on the interval [0, 1]

Then match the following columns
Column-I

(A) f(tanx)
®) f(sinx)

(© f(cosx)
(D) f(2sinx)

CODES:

qr

qr

S

(@) May not be one-one
(r) May be many-one

(s) Mustbe many-one

Column- II
() 5
(@ 2
(r) 3
(s) 4
Column- II

(p) [2nn—%,2nn+%],n€2

51

s
(@ [Znn, 2nm + E] U [Znn + < 2n+ Dr|,n

€EZ
(r) [2nmr,2n+ Drl,neZ

(s) [nn,nn+%],n €EZ
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202.

203.

a) s r p q
b) q p S r
c) q S r p
d) p S r q
Column-I

(A) f(x) = cos(|sinx| —|cos x])
(B) f(x) = cos(tanx + cotx) cos(tanx — cotx)
(© f(x)=sin"I(sinx) + e®Bn*

(D) f(x) = sin3xsin3x

CODES::

A B C D
a) q q S p
b) q s q p
c) q p q s
d) p q q s
If f: R — R is defined by

x+4 for x<-—4
f(x) =43x+2 for —4<x<4,

x—4 for x =4
Then the correct matching of List I from List Il is
Column-I

@) fE)+fED
@) fUfE=8D
© fF=7D+f0B)

@) £ (F(F@))) +1

() m
(@ m/2
(r) 4mn

(s) 2m

(1) 14
(2) 4
(3) -11
4 -1
G) 1
6) 0

Column- II

Column- II
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204.

205.

206.

3 4 2 5

4 3 2 1

3 6 5 2
Column-I

@) f.r- [%n,n) and f(x) = cot™1(2x — x2 — 2), (P)

(B)

then f(x) is
f:R = R and f(x) = eP* sinq x where
p,q € RT, then f(x) is

(@

(© f:R* > [4,0]and f(x) =4+ 3x?%,then f(x) (1)

1S

(D) f:X- Xandf(f(x)) ==xVx € X, then f(x)is ()

CODES:
A B C D
a) I, s I, s p.q p,s
b) p.q p,s I,s r,s
c) I,s p.q I, s p, s
d) I, s p,s r,s p.q
Column-I
(A) f(x) ={(sgnx)%8"*}*; x # 0,nis an odd
integer
® f@)=F+3+1
©

Fx) = {O, If x is rational
1, If xisirrational

(D) f(x) = max{tanx,cotx}
CODES:

A B C D
a) p q q,s p,s
b) q,s p,s p q
c) p q p,s q,s
d) p q,s q p,s

Column-I

(p)
(a)
)
(s)

Column- II
One-one
Into
Many-one
Onto
Column- II

0dd function

Even function

Neither odd nor even function

Periodic

Column- II
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(p) x € {_1' 1}

(4) f(x) =tan™?! (1 — xz) ,g(x) =2tan"1x
(B) f(x) =sin"(sinx)and g(x) =sin(sin"'x) (q) x€[-1,1]

(© f(x) =log,z25andg(x) =log, 5 r) xe(-1,1)
(D) f(x) =sec™lx+ cosec™lx,g(x) (s) x€(0,1)
=sin"lx+cos71x
CODES:
A B C D
a) r,s p.q.r.s S p
b) pqrs r,s p s
c) p p,q,r,s S I,S
d) pagrs p rs s

Linked Comprehension Type

This section contain(s) 21 paragraph(s) and based upon each paragraph, multiple choice questions have to be
answered. Each question has atleast 4 choices (a), (b), (c) and (d) out of which ONLY ONE is correct.
Paragraph for Question Nos. 207 to -207
Consider the functions

( x+1,x<1 _(x? -1<x<2
f(x)_{2x+1, 1<xszandg(x)_{x+2, 2<x<3

207. The domain of the function f(g(x)) is

a) [0,v2] b) [-1,2] o [-1,v2] d) None of these
Paragraph for Question Nos. 208 to - 208
Consider the function f(x) satisfying the identity f(x) + f (x7—1) =14+xVx €R—{0,1}and g(x) = 2f(x) —

x + 1.

208. The domain of y = \/g(x) is
SR (e

1-4/5 —1++/5 d) None of these
c) > ,0lU > , 1

Paragraph for Question Nos. 209 to - 209

Let f: N = R be a function satisfying the following conditions, f(1) = 1/2and f(1) + 2,f(2) + 3, f(3) + -+
nf(n) =n(n+1),f(n) forn = 2.
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209. The value of £(1003) = % where K equals
a) 1003 b) 2003 ¢) 2005 d) 2006

Paragraph for Question Nos. 210 to - 210

If (f(x))2 X f(;—i) = 64x,Vx € Df, then

210. f(x) is equal to

1/3
a) 4x2/3 (

1/3 1/3 1/3

1+x>

1—x
1—x x

c) x2/3(1_x)
1+x

1+x d)x<1+x)

1—x

Paragraph for Question Nos. 211 to - 211

x—1,-1<x<0 . . .
f(x) = { 2 0<x<1 and g(x) = sin x. Consider the functions h,(x) = f(lg(x)]) and h,(x) = |f (g(x))]

211. Which of the following is not true about h4(x)?
a) Itis periodic function with period b) Range is [0, 1]
c) Domain is R d) None of these

Paragraph for Question Nos. 212 to - 212

Ifag = x,a,41 = f(a,), wheren =0, 1, 2, .., then answer the following questions.

212.1f f(x) = \/(a — x™),x > 0,m > 2,m € N. Then
a) a, = x,n = 2k + 1, where k is integer
b) a,, = f(x) if n = 2k, where k is integer
c) Inverse of a,, exists for any value of n and m
d) None of these

Paragraph for Question Nos. 213 to - 213

Let f(x) = fi(x) — 2f>(x)

min{x?, |x|}, |x| <1
Wh =
ere f1(x) {max{xz, x|}, x| >1

min{x?, |x|}, |x| > 1
And =
nd f2(x) {max{xz, x|}, 1x] <1
_ (min{f(t):-3<t<x,-3<x<0}
And g(x) = { max{f(t):0<t<x,0<x <3} °

213.For —3 < x < —1, the range of g(x) is
a) [-1,3] b) [—-1,—15] c) [-1,9] d) None of these

Paragraph for Question Nos. 214 to - 214
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2x+a, x=>-1
L'etf(x):{bxz+3 x<—1

X+4 0<x<4
Andg(")‘{—:ax—z,—2<x<0

214. g(f (x)) is not defined if
a) a € (10,),b € (5,) b) a € (4,10),b € (5,)
c) a € (10,),b € (0,1) d)a € (4,10),b € (1,5)

Paragraph for Question Nos. 215 to - 215

Let f: R = R is a function satisfying f(2 —x) = f(2 + x) and f(20 — x) = f(x),Vx € R. For this function f,
answer the following.

215.If £(0) = 5, then the minimum possible number of values of x satisfying f(x) = 5, for x € [0,170], is
a) 21 b) 12 0 11 d) 22

Paragraph for Question Nos. 216 to - 216

[x],2<x<-1
x| +1,-1<x<2

[x], m<x<0

and g(x) = {sinx, 0<x<m

Consider two functions f(x) = { , where [.] denotes the

greatest integer function.

216. The exhaustive domain of g(f(x)) is
a) [0, 2] b) [-2, 0] o) [-2,2] d) [-1,2]

Integer Answer Type

217. Let f be areal - valued invertible function such that f (zxx_—z?,) = 5x — 2,x # 2.Then the value of f~1(13) is

218. f:R> Rf(x*+x+3) + 2 f(x? —3x + 5) = 6x2 — 10x + 17 V x € R, then the value of f(5) is

219. A continuous function f(x) on R — R satisfies the relation f(x) + f(2x + y) + 5xy = f(3x —y) + 2x? + 1
for Vx, y € R, Then the value of |f(4)] is

220.LetE ={1,2,3,4} and F = {1, 2}. If N is number of onto function from E to F, then the value of N/2 is

221.

6x+10-x%
Number of integral values of x satisfying the inequality (Z) ”
222.1f 4% —2**2 + 54 ||b — 1| — 3| = Isiny|, x, y, b € R, then the possible value of b is

223. The function of f is continuous and has the property f(f(x)) = 1 — x, then the value of f G) +f G) is
bl |, el .

5 TS

224.1f a, band care non-zero rational numbers, the sum of all the possible values of% +

225. Let f(x) = sin?3 x — cos?2 x and g(x)1 + %tan‘1 ||, then the number of values of x in interval [—107, 87]
satisfying the equation f(x) = sgn(g(x)) is

226.1f f(x) = sin? x + sin? (x + g) + cos x cos (x + g) and g(i) = 1 then (gof)(x) is

227. pn even polynomial function f (x) satisfies a relation f(2x) (1 - f (i)) + f(16x%y) = f(-2) —

f(4xy)V x,y €e R — {0} and f(4) = —255, f(0) = 1, then the value of |(f(2) + 1)/2] is

2%—4(9{—4)()(—10)
x!—(x—-1)!

228.
<0

Number of integral values of x for which
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241,

229. Number of integers in the domain of function, satisfying f(x) + f(x™1) = XT, is

230. 1f  be the fundamental period of function f(x) = sin x + sin° (x + 2?”) + sin%? (x + %’T), then complex
number z = |z|(cos 8 + i sin 0) lies in the quadrant number.

231. Number of integral values of a for which f(x) = log(log;/3(log;(sinx + a))) be defined for every real
values of x

232.1f f:N - N,and x, > x; = f(x3) > f(x1),V x1,x, € N and f(f(n)) = 3n,Vne N, then f(2) =

233. (x # 0).If £(5) = 2, then the

ax8+bx®+cx*+dx?+15x+1
x

Suppose that f(x) is a function of the form f(x) =

value of |f(—5)/4] is
234. Suppose that f is an even, periodic function with period 2, and that f(x) = x for all x in the interval [0, 1].
The value of [10f(3.14)] is (where [.] represents the greatest integer function)

235. Number of values of x for which |||x2 —x+4]-2|- 3| =x2—x—12is

236. Let f: R — R be a continuous onto function satisfying f(x) + f(—x) = 0,V x e R.If f(—3) = 2 and
f(5) = 4in [-5,5], then the minimum number of roots of the equation f(x)=0 is

237. Let f(x) = 3x? — 7x + ¢, where 'c’ is a variable coefficient and x > % .Then the value of [c] such that
f (x) touches f~1(x) is (where [. Jrepresents greatest integer function

238 1f f(x) = VA —x% + J/x2 — 1, then the maximum value of (f(x))2 is
239. Let a > 2 be a constant. If there are just 18 positive integers satisfying the inequality (x — a)(x — 2a)(x —
a?) < 0, then the value of a is

240. The function f(x) = ;3:11
the value of |g(0)] is

241. Let f: R* - R be a function which satisfies £ (x). f(y) = f(xy) + 2 G + i + 1) for x,y > 0, then possible
value of f(1/2) is

242.1f f(x) is an odd function and f(1) = 3,and f(x + 2) = f(x) + f(2), then the value of f(3) is

243. Number of integral values of x for which the function v/sinx + cosx + V7x — x2 — 6 is defined is

can be written as the sum of an even function g(x) and an odd function h(x).then

244 1f x = S satisfy the equation log, (x? — x + 2) > log,(—x% + 2x + 3), then sum of all possible distinct

values of [x] is (where [.]Jrepresents greatest integer function)
n+3, neodd
n/2, neeven

245.

A function f from integers to integers is defined as (x) = { . Suppose

k € odd and f (f(f(k))) = 27, then the sum of digits of k is

246. If T is the period of the function f(x) = [8x + 7] + |tan 2mx + cot 2mx| — 8x (where [.] denotes the
greatest integer function ), then the value of 1/T is
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2.RELATIONS AND FUNCTIONS

: ANSWERKEY :

145) b

1)

5)
9)
13)
17)
21)
25)
29)
33)
37)
41)
45)
49)
53)
57)
61)
65)
69)
73)
77)
81)
85)
89)
93)
97)
101)
105)
109)
113)
117)
121)
125)
129)
133)
137)
141)

[ I "R I — o B = 2 VI — s T = PR - o T o T = PR = P I T -~ I — 2 o B o O o B — PR — o o B o T - I — P - B — S B T — N =PI I -7

2)

6)
10)
14)
18)
22)
26)
30)
34)
38)
42)
46)
50)
54)
58)
62)
66)
70)
74)
78)
82)
86)
90)
94)
98)
102)
106)
110)
114)
118)
122)
126)
130)
134)
138)
142)

=P R I T - PR = Vi = P — 2 - I T = P T =P T = N = TH = s I - i e R e B e T - i = e B N I - " - "I - "R e I - P - 9

3)
7)
11)
15)
19)
23)
27)
31)
35)
39)
43)
47)
51)
55)
59)
63)
67)
71)
75)
79)
83)
87)
91)
95)
99)
103)
107)
111)
115)
119)
123)
127)
131)
135)
139)
143)

T 000 e T AT YA QYT OT Y0 QA0 TT 0T T YT

4)
8)
12)
16)
20)
24)
28)
32)
36)
40)
44)
48)
52)
56)
60)
64)
68)
72)
76)
80)
84)
88)
92)
96)
100)
104)
108)
112)
116)
120)
124)
128)
132)
136)
140)
144)

O a0 an T o AT AT T AT oo 0L aaan T 6o an T T oY oo

5)
9)
13)
17)
21)
25)

1)
5)
9)
13)
17)
21)

5)
9)

5)
9)

5)

9)

13)
17)
21)
25)
29)

ad
a,b,d
b

8)
a,b,c
b,d
a,c
ac

a

20)
b,c,d
24)
b, c
ab,c

O I NN ONWOE QW & &, 0 T o v o
— — —

146) c 147) d 1)

2) a,c 3) a,b,c 4)

6) ab 7) ab,c, d
a,b,cd

10) ad 11) b,d 12)

14) abd 15) ad 16)

18) ab,c d 19) b,c
acd

22) b, c 23) ab,c, d

a,b,c

26) b,c 27) b,d 28)

2) b 3) c 4) a
6) c 7) c 8) c
10) ¢ 11) b 12) a
14) b 15) b 16) a
18) a 19) d 20) a
1) a 2) a 3) a
a

6) a 7) a 8) a
10) a 1) c 2) b
d 4) a

6) d 7) a 8) a
10) ¢ 1) 3 2) 7
7 4) 7

6) 4 7) 1 8) 0
10) 1 11) 7 12) 5
14) 3 15) 3 16) 3
18) 8 19) 1 20) 3
22) 6 23) 5 24) 0
26) 9 27) 3 28) 1
30) 4
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2.RELATIONS AND FUNCTIONS

: HINTS AND SOLUTIONS :

5
1 (d) I :>—1§2x2—3<2:>1Sx2<§
Since f (x) is an odd function, [—] = 0 forall

a
x € [-10,10] sxel- 2 Z1ult 2
2 2 2

=>OS;< 1forallx € [-10,10] = a > 100

7 ()
2 (d)
a* -1 Here, f(x) = /sin_l(Zx) + %, to find domain we
fo) = x"(a* + 1)
must have,
f (x) is symmetrical about y-axis ) s
in~ —>
= f(x) = f(=x) sin~(2x) + 520
X _ -x _ s T

= 4 ! = a 1 (but——Ssin‘lE)S—)

x"(a*+1) (—x)"(a™*+1) 72r 2 T

a* —1 1—a* o _(_x)n —E < Sil‘l_l(ZX) <=

= x*(a*+ 1) - (—)™(1 + a¥) =

2
I s
> sin|——) < 2x <sin(=
= the value of n which satisfy this relation is —% ( 6) (2)

1 11
3 (b) =>——SZx$1=>xe[——,—]
' _ L 2 4’2
f (x) is defined for log (|sinx|) =0 8 (d)
1> 1and|sinx| % 0 If f is injective and g is surjective
|sinx| ) = fog is injective
= [sinx| # 0 [ 7] > 1 forall x] = fof is injective
SX#FnNT,neE”Z 9 (d)
Hence, the domain of f(x) = R — {nm:n € Z} Image b, is assigned to any three of the six pre-
4 (d) images in °C;
ax
f@) = —x#-1 AT | .
x+1 Rest two images can be assigned to remaining
a (%) three pre-images in 23 — 2 ways (as function is
f(f(x)):x:"ﬂ_l_l:x onto)
5 X+l Hence number of functions are °C; x (23 — 2) =
- Yr 20 X 6 = 120
(a+1D)x+1 10 (9
s@+Dx*+(1-a®)x=0 x — 1, xis even .
>a+1=0and1—-a?=0 f@) = {x +1, xis odd’Where is clearly are one-
[Astrue V x # 1 . Eq. (1) is an identity] one and onto
>a=-1 11 (b)
5 (a) Putx =0=f(2) =2f(0)—-f(1)=2%x2-3 =
f:11,00) >[2,0) 1
1 — —6_1=
Q) =x+-=y Putx=1=f3)=6—-1=5
X Putx =2=f(4)=2f2)—-f(3)=2x1-5=
>x2—yx+1=0 -3
L YESrE s Putx =3 = £(5) = 2f(3) - f(4) = 2(5) -
2 (=3)=13
But given f: [1,0) —[2, ) 12 (a)
x=y+\/;/2—4 f(x) is defined if — log, /, (1+ =) = 1> 0
1
6 (d) = logl/z (1 + m) < -1

We must have —1 < [2x2 - 3] < 1
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13

14

15

16

=> —
x1/4

>0<x<1

(b)

We must have

2{x}? —-3{x}+1=>0=>{x}=>1or{x} <1/2
Thus,wehave 0 < {x} <1/2=>x € [n,n +

12, ne/

(d)

y = f(x) and y = g(x) are mirror image of each
other about liney = a

y

o

= for some x = b,g(b) —a =a— f(b)
= f(b) +g(b) = 2a
= h(b)f(b) + g(b) = 2a (constant)
Hence h(x) is constant function Thus it is neither
one-one nor onto
()
f(x) = sec”1(logs tan x + 10g¢an » 3)
1
f(x) =sec™?! (log3 tanx + W)
Now for logs tan x to get defined, tanx € (0, 00)
= logz tanx € (—oo,0) or logz tanx € R

Alsox+%$—20rx+i22

= logz tanx + < —2orlogztanx +

logz tan x
1

logz tanx

= sec™! (log3 tanx + ) < sec™!(-2)or

logsz tanx

1
—) > sec™12
log; tanx

= f(x) Sz?norf(x) 2%

- e Bo(a
(d)

Itisgiven that 2* +2Y =2V x,yeR
=2V =2 2%
=y =log,(2 — 2%)

sec™! (log3 tanx +

17

18

19

20

21

22

= function is defined only when 2 — 2* > 0 or
2¥ <2

Orx<1

(<)

f(x) is defined for x € (0,, 1)

= f(e*) + f(In|x]) is defined for,
0<e*<landO<lInlx| <1

> —co<x<0andl<|x|<e

=>x € (—,0)andx € (—e,—1) U (1,e)

= x € (—e,—1)

(d)
2
F(FG0) = {(f(x)) ,  for f(x) =0
f(x), forf(x) <0

((x®?, x>0, x>0
_ ) %7 x =0, x<0:{x4, x>0

x2, x*<0, x>0 lx, x<0

X, x <0, x <0

(b)
The function sec™! x is defined for all
x € R — (—1, 1) and the function 1 is defined

Jx—[x]

for all x € R — Z So the given function is defined
forallx € R —{(-1,1) U {nln € Z}}

(b)

y = f(x) =+3sinx —cosx +2 = ZSin(x—g) +
2 (1)

Since f(x) is one-one and onto, f is invertible.

From (1) sin (x - g) = yT_Z

L .y—2 w
= = A —
x = sin > 5
= f1(x) =sin™?! (u) +2
B 2 6
(o)

Let x,y € N such that f(x) = f(y)
Then f(x) = f(¥)
>x2+x+1=y2+y+1
>5x-yY)x+y+1)=0
>x=yorx=(-y—1)€&N

~ fis one-one

Also, f(x) does not take all positive integral
values. Hence f is into

(d)

fBx+2)+f(Bx+29) =0 (1)
Replacing x by x + 9, we get
fBXx+9)+2)+fBx+9)+29=0
= fBx+29)+f(Bx+56) =0 (2)
From (1) and (2), we get

fQBx +2)=f(3x +56)

= fBx+2)=fB(x+18)+2)

= f(x) is periodic with period 54
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23

24

25

26

()
f(x) = {x}is periodic with period 1

fx) = sin% for x # 0, f(0) = 0 is non-periodic
as

g(x) = %is non-periodic

Also f(x) = x cos x is non-periodic as g(x) = x is
non-periodic

)
Flox) = {(_x)z sn2,
)

, . TX
{—x sin—,

|—x] < 1

|—x| =1

x| <1

[x] =1

2
—x|x|,

= —f(®)

(b)
_sin”'(3—x)
I = Toginl = 2)
Let g(x) = sin"1(3 — x)

5>-1<3-x<1

The domain of g(x) is [2, 4]
And let h(x) = log(|x| — 2)

= |x|-2>0o0r|x|>2
>x<-—-2o0rx>2
= (—0,=2) U (2,)
We know that

f(x)

(f/g)(x)@\fx € D; N D, — {x € R:g(x) = 0}

~ the domain of f(x) = (2,4] — {3} = (2,3) U
(3’ 4]

(@)
¥ () - 2 (1) = 800 and 27 (1) — 422 (o)
1
- 2%(3)
(Replacing x by %)
1
= —3x%f(x) = g(x) + 2x?%g (;)
(Eliminating f G))

g(x) = 2x*g (ﬁ)
3x2

> f) =~

- g(x) and x? are odd and even functions,
respectively

So, f(x) is an odd function But f(x) is given even
= f(x) = 0Vx Hence, f(5) =0

27

28

29

30

31

32

©
_sin[x]m
10 = vt

Let [x] = n € integer
= sin[x]T =0

= f(x) =0
= f(x) is constant function
()

Let|lx —1|+|x—=2]+|x—-3| <6

S| —-1D+x—-2)+ (x—3)|
<lx—-1l+x—=-2]+|x—-3| <6

> |3x—6]<6

> x—-2]<2

2> -2<x—-2<2

>0<x<4

Hence, for|x — 1|+ |x = 2|+ [x = 3] > 6,x <0

orx = 4.

(@)

The period of sin x and cos 2rx is 2 and 1,

respectively

The period of 2} is 1

The period of 3t*/2} is 2

Hence, the period of f(x) is LCM of 1 and 2=2

(o)

Clearly f(x + ) = f(x),g(x + m) = g(x) and
) (x + g)

={(-DfH(=Dg()} = B(x)

(b)

)= [ -z 1] =1 [ 4]

Thus, from domain point of view,
[2 1] 0 1=>[2+1] 1,0
X®—=|l=0,— X =1 =1,
2 2
= f(x) =sin"1(1) + cos™1(0) or sin"1(0) +

cos71(-1)

= f(x) = {m}

(d)

The period of f(x) is 7 = The period of f (g) is
7

s 21

The period of g(x) is 11 = The period of g (g) is
11

7= 55

Hence, T; = period off(x)g(%) =7 x 55 =385
and

T, = period of g(x)f (g) =11 x 21 =231

=~ period of F(x) = LCM{T,, T,}

= LCM{385, 231}

=7%x11x3x5

= 1155
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33

34

35

36

37

38

(d)

FO) =yx2—x%+x*—x+1

We musthave x1? —x? +x* —x+1>0
Obviously (1) is satisfied by x € (—, 0]

Also, x°(x3 — 1) + x(x3 — 1) + 1 > 0Vx € [1, )
Further, x? —x° +x* —x+1=(1—x) +

x*(1 — x°) + x'? is also satisfied by x € (0, 1)
Hence, the domain is R

(a)

From E to F we can define,inall, 2 X 2 X 2 X 2 =
16 functions (2 options for each elements of E)
out of which 2 are into, when all the elements of E
map to either 1 or 2.

~ No. of onto function =16 - 2 =14

(b)

g(f(x)) = (sinx + cos x)? — 1, is invertible (ie,
bijective)

= g(f(x)) = sin 2x, is bijective

We know sin x is bijective only when x € |— g,g]

Thus, g(f (x)) is bijective if, —% <2x < %

m T
= _— —
4="=%
(9
0, x=0
eX __elxl ) =
f@) = = ¥ —e
eX + elxl ;}f;f;:;, x<0
Clearly, f(x) is identically zeroif x = 0 (1)
Ifx <0, lety = f(x) = S0 = ¢2x = 1
x ety =T = e T a-y

vx<0=2e*<1=20<e®®* <1
1+y
Tl<—=x<1
1-y
=>1+—y>0and1+—y<1
1-y 1-y
:QH&Xy—D<Ome%<O

> —-1l<y<landy<Oory>1
>-1<y<0(2)
Combining (1) and (2),weget—1 <y <0=

Range = (—1, 0]
(@)

_f®
flxy) = y

= f(y) = % (puttingx = 1)
= f(30) =%orf(1) =30 x f(30) =30 x
20 =600
_f@) _ 600 _
Now f(40) = ~-=--=15
(9

X
Here, —5— =
x242

2
+1 1
=1

x2+2

39

40

41

42

43

Now,2 < x?+2 < ooforallx €R
1 1

5> >0
2 x2+42
LSt B
27 x242
1
>-<1- <1
2 x2+2
:>7T< "1(1 ! )<n
6= M x2+2)°2
(a)

When [x] = 0 we have sin"?(cos~10) =
sin—1(72), not defined

When [x] = —1 we have sin™1(cos™1 —1) =
sin—1(7), not defined

When [x] = 1 we have sin~!(cos™1 1) =
sin—10=0

Hence, x € [1, 2) and the range of function is {0}
(a)

We have f(x) = "7*P,_3 = (1(3:;3:)!

Wemusthave7 —x >0, x >3and7 —x>x—3
=>x>7x=23andx <5
=>3<x<5

=>x=3,45
41 3!

Now f(3) =3 =1f(4) =2 =3,f(5) =2 =2

41 2!
Hence, Ry = {1, 2, 3}

()

x?+14x +9

x2+2x+3 7

= x2 + 14x + 9 = x%y + 2xy + 3y
>x2(y-1D+2x(y—7)+By—-9) =0
Since x is real,

f4(y—=7?-4@By -9 -1 >0

= 4(y2+49 — 14y) — 4By +9-12y) >0
=>+5r -4 <0;

-~ y lies between —5 and 4

(b)

For the domain sin(In x) > cos(Inx) and x > 0

s RY/4
2nn+Z< Inx < 2nn+7,n€ N u {0}
(a)
1
af(x+ 1) +bf () = (x+1) -1 (D
Replacing x + 1 by ﬁ, we get
saf (o) +bf+ D) =——1(2)
(D xa—-@2)xb=(a®*-b?)f(x+1)
b
=a(x+1)—a—m+b
Puttingx = 1,(a? — b?)f(2) =2a—a—2+b =

b
a —
+2
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44

45

46

47

48

= |sin x| + |cos x|
= y2 =1+ |sin 2x]|
=>1<y?<2
=>yE [1, \/E]
= f(x) =1Vx€ER
(©
xsinx =1 (1)
1
=y =sinx = o
Root of equation (1) will be given by the point(s)
of intersection of the graphs y = sinxand y = %

Graphically, it is clear that we get four roots.

(b)

Let2x +3y =mand2x -7y =n
m-n 7m-3n
>y =0 and x = 0

= f(m,n) =7m+ 3n
= f(x,y) =7x+3y

(<)
For the function to get defined 0 < x2 + x + 1 <
1,

Butx2+x+12%:>§5mgl
= g < sin™! (m) < %
(b)

f(x) = sin(log(x + m))

= f(—x) = sin [log (—x +J1+ xz)]

= f(—x) = sinlog (\/ 1+ x?

(m+x)
(m+x)

= f(=x)

= sinlog

[m]
= f(—x) =sin [—log(x +4/1+x )]
= f(—x) = —sin [log (x +J1+x )]
= f(=x) =—f(x)

= f(x)is an odd function

49

50

51

52

53

54

55

(b)
For odd function
fx) =—f(—x)
sin(—x) + cos(—x), 0<—x<m/2
=— a, —x=mn/2
tan?(—x) + cosec(—x), W/2<-—x<T
sinx — cos x, —-n/2<x<0
= —a, x=—-m/2
tan? x + cosec x, —m<x<-m/2
()

Since f(x) = (x + 1)? — 1 is continuous function,
solution of
f(x) = f~1(x) lies on the line y = x
= f)=f")=x
>x+1)2-1=x
>x2+x=0
=>x=0o0r-1
= The required set is {0, —1}
(d)
x2—[x]* = 0= x% = [x]?
This is true for all positive values of x and all
negative integer x
(9
The period of cos(sin nx) is % and the period of
X\ .
tan (;) isTtn
Thus, 6r = LCM (E,T[Tl)
n
By checking for the different values of n,n = 6
(d)
f(x) = x?is many-oneas f(1) = f(—1) = 1.
Also f is into, as the range of function is [0, o)

which is subset of R (co-domin).
~ f is neither injective nor surjective.

()
Given f(x) = [sinx + [cosx + [tanx + [secx ]”

= [sin+p], where p = [cosx + [tanx + [secx] ]]
= [sinx] + p, (as p is integer)
= [sinx] + [cosx + [tanx + [secx]]]

= [sinx] + [cos x] + [tan x] + [sec x]

Now, for x € (0,77/4),sinx € (0 cosx €

%)
(v—li,l),tanx € (0,1),secx € (1,\/_)
= [sinx] = 0, [cosx] = 0, [tanx] = 0 and
[secx] =1

= The range of f(x) is 1

()

Since co-domain = [0, E)
2
-~ for f to be onto, the range = [OE)
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56

57

58

59

60

This is possible only when x% + x + a > 0Vx € R
1
.-.12—4a£0=>a21

(d)
1

1t VAx — |x2 — 10x + 9|

For f(x) to be defined |x? — 10x + 9] < 4x
=>x?—-10x+9 < 4xandx? — 10x + 9 > —4x
>x?—-14x+9<0andx?>—6x+9>0

= x € (7—+40,7 +V40) and x € R — {-3}

= x € (7 —40,-3) U (=3,7 + V40)

x24+x+1
>x2(y—-1D)+x(y—1)+(y—-2)=0,Yx€ER
Now,D >0 = (y—-1)?2—-4(y -1y —-2)=0
= -D{-D-4r-2)}=20

> y-1D(3y+7)=0
"
L
3
7
= 1<y S§§
(c)

y = f(x) = cos? x + sin* x

= y = f(x) = cos? x + sin? x (1 — cos? x)
=y = cos? x + sin? x — sin® x cos? x
=y =1-sinxcos?x

1
:y:l-lenzzx
_._zsf(x) <1 (+0<sin?2x<1)

= f() €[3/4,1]
(@

cos(—x) CoS X
f(_x)=[_2;x+1=_1_2_x] 1

2 2
(as x is not an integral multiple of m)

= f(=0) = —% = —f®
2
= f(x)is an odd function.
(d)
[y + [y]] =2 cosx
= [yl+[y]=2cosx (~[x+n]=[x]+nifne
I
= 2[y] =2cosx = [y] = cosx (1)

T

Alsoy = %[sinx + [sinx + [sin x]]]

=3 (3[sinx])

= [sinx] (2)
From (1) and (2)

61

62

63

64

65

[[sin x]] =cosx
= [sinx] = cosx

The number of solutions is 0

(o)
Y X k(> 1)y —x = k(y + %)
y+x 4 Y

= y(1+k) =x(1+k)

1+k 1+k
>y= (l)x, wherelJ_r—k< -1

1-k
(b)

-1, x<0
glx)=1+{x},f(x) =40, x =0 where {x}

1, x>0
represents the fractional part function.

-1, 1+{x}<0

= f(g)) =10, 1+{x}=0

1 1+{x}>0

= f(g(x)=11+{x}>0(~0<{x}<1)

= f(g(x)) =1VxeR

(@)

Let f(x) =x+2|x + 1| + 2|x — 1]
x—2(x+1)—-2(x—-1), x<—1

= f(x) =5x+2(x+1)—-2(x—1),-1<x<1
x+2(x+1)+2(x—1), x>1
—3x, x < -1

Orf(x) =4{x+4,-1<x<1

.S?C’x>1

:-- Graph of y = f(x) is as shown.
Clearly y = k can intersect

y =f(x) at exactly one point only if
k=3

fNDH+f(=7)=-10

= f(7)=-17

= f(7) + 17 cosx = —17 + 17 cos x which has
the range [—34, 0]

()

We have [cos™!x] > 0vx € [-1,1]
And[cot™'x] >0Vx €ER

Hence, [cot™ x] + [cot ™t x] = 0
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66

67

68

69

70

71

= [cot ™1 x] = [cot™1x] =0
If[cos™x] =0 = x € (cos 1,1]
If[cot™1x] = 0= x € (cot1, )
= x € (cot1,1]

()

Given

fGx) =

J(l — cos x)\/(l — cos x)\/(l — CcoSx)V...o

> £(x) = (1 — cos x)z(1 — cos x)i(1
— cos x)% ... 00

1. 1.1
= f(x) = (1 —cosx)z +"s" "

= f(x) = (1 —cos x)l‘%

= f(x) =1—-cosx

= The range of f(x) is [0, 2)

(b)

“flx+1)—f(x)=8x+3

> {bx+1D?+c(x+1)+d}—{bx?®+cx + d}
=8x +3

>b{(x+1)?—-x?}+c=8x+3

=>b(2x+1)+c=8x+3

On comparing co-efficient of x and constant term,

we get2b =8and b +c =3

Thenb =4andc = -1

(<)

From the given data

fA-x)=f1A+x) (1)

And f(2—-x)=f(2+x) (2)

In (2) replacing x by 1 + x, we have

fA-x)=fB+x)

= f(1+x)=f(@B+x) [From (1)]

= flx) =f(2+x)

(b)

y =210 = x2 _x—Jog,y =0;

1
=>x=§(1i,/1+4log2y)

Since x€[1, «), we choose

x=%(1+w/1+4log2y)

Or f1(x) = %(1 +/1+4log, x)

()

By checking for different function, we find that for
_1x -1 _

f@) =22 F100 = f(x)

(9

f(x) is to be defined when x2 — 1 > 0 and

3+4x>0and3+x#1

= x2>1andx > —3andx # —2

72

73

74

75

76

>x<—-lorx>1landx > —-3andx # —2
- Df = (_31_2) U (_27_1) U (1P OO)

(a)
Lety=i—12=1+%=>x=1
Also,y—lzi:>x+2=i
x+2 y-1

S>x=-2+—-

X =
= y = 2 only as x and y are natural numbers
(a)

Wehave f(x +y) + f(x — y)

— Z[qx+y —-x-y x-y -x+y
[a**Y +a +a* Y +a ]

[@*(@¥ +aY)+a*(a¥ +aY)]

| RN RN~

> (@ +a™)(@ +a™)=2f()f ()

(b)
Inthesum, f(1) + f(2)+fB3)+ -+ f(n), 1

occurs n times, % occurs (n — 1) times, § occurs
(n—2) timesandsoon -« f(1) + f(2) + f(3) +
o f()

1 1 1
=nl+Mmn-1).z+(n—-2).5++1.-

2 3 n

= (1+1+1+ +1)
Ut T3 n

<1+2+3+ +n—1)
2 3 4 n

o[-+ (1) (-3
=

=nf(n) —[n— f(n)]
=(n+1Df(n)—n

(b)

cos™ 1 (Z—TIxI) exists if —1 < Z—Tlxl <1
=>-6<—|x[<2

=>-2<x|<6

> |x| <6

>-6<x<6

The function [log(3 — x)]™t =

1
log(3—x)
if3—x>0andx # 2,i.e,ifx # 2and x < 3
Thus, the domain of the given function is
{x|-6<x<é6}n{x|x #+#2,x<3}=[-62)U
(2,3)

(b)

Given y = 2X(x~1)

=>x(x—1) =logyy

>x?—x—log,y=0

1+,/1+4log,y
>x = 5

is defined
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77

78

79

80

81

82

Only x = LEiralogy V1+2410g2y lies in the domain
1

= f1(x) =5[1 + 1+ 4log, x|

(9

Fe+g)+re-g)=r@

S fat D+ =1 (x+3)

= f(x+1)+f(x—%>=0

3
= f(x+3) = ~f0)
S fat3) =—f(x+3) = f@)

~  f(x) is periodic with period 3
(d)

Given function is defined if 1°C,_; > 31°C,

=

3
>—=4x >33
x

11 —x
=2>x=>29butx <10=>x=9,10
(b)

fiN->N,f(n)=2n+3

Here, the range of the function is {5, 6,7, ... } or
N —{1,2,3,4}

Which is a subset of N (co-domain).

Hence, function is into.

Also, it is clear that f(n) is one-one or injective.

Hence, f(n) is injective only
(©
fO) +3xf (3) = 2 + 1) (1)
Replacing x by %, we get
1 1 1
F(3) 3z =2(3+1)
> xf () +3f(0) =2+ 1D ()

From (1) and (2), we have f(x) = %1
= £(99) = 50
(<)
2000 2000

x+7r} {x} ﬂ _
£,72000 ~ 452000 005000 = 3
(b)

Here, f: [0, 0] — [0, )ie, domain is [0, c) and
codomain is [0, o).

For one-one f(x) = lf_—x

1
= f’(X)=m>O,VXE[O,OO)

~ f(x) is increasing in its domain. Thus, f(x) is
one-one in its domain.
For onto (we find range)

83

84

85

86

87

88

() = x X
fx_1+xle'y_1+x

=>x=L=>L20asx20:-0Sy¢1
1-y 1~y

ie, Range # Codomain
~ f(x) is one-one but not onto.

@
rre) =4, 110,
= fre) =, _

(b)
—5<|kx+5|<7
= —-12<kx<2where—-6<x<1

:>—6S§x£1where—6$x£1

>yt+tyx=x

f(x) is rational
f(x) is irrational
X, x is rational
1—x)=ux, x is irrational

~k =2 [+therange of h(x) = the domain of
f(x)]
(d)
Let ¢(x) = f(x) —g(x)
_ { X, x €EQ
—x,x & Q

For one-one

Take any straight line parallel to x-axis which will
intersect ¢ (x) only at one point.

= ¢(x) is one-one.

Foe onto
_(x,x€Q .
As, d(x) = {—x,x ¢ 0 which shows
y = x and y = —x for irrational values = y € real
numbers.

- Range=Codomain

= ¢(x) is onto.

Thus, f — g is one-one and onto.

(9

f(x) = log|log x|, f (x) is defined if |log x| > 0 and
x> 0ie,ifx >0andx # 1 (~ |logx| > 0if
x#+1)

=>x€(0,1)U(1,0)

(a)

Since f(x) and f~1(x) are symmetric about the
liney = —x

If (¢, B) liesony = f(x) then (—f,—a) on
y=fx)

= (—a,—p) liesony = f(x)

=y = f(x)is odd

(d)

Let2x+§ = aand2x—§= B, then x =¥and
y =4(a—p)

Given, f (Zx + %, 2x — %) =Xxy

= f(a,p) =a’ - f?

> fmn)+fnm)=m?—n?+n?2—m?=0
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89

90

91

92

93

forallm,n
(d)
T T
) .2 ol ol
sin“ x + sin (x+3)+cosxcos(x+3)
5 sinx +3cosx ?
=sin“x + +
2 2
4 cosx +/3sinx
cos x > >
- +sin2x+30052x+coszx
= sin“x
4 4 2
_55in2x_|_5coszx_5/4
= 2 2 =

Hence, f(x) = ¢5/* = constant, which is periodic
whose period cannot be determined

(d)

fx) = @+ [sinx] + [sing] + -+ [sin%]
Thus, the range of f(x) = {@,n(nTﬂ) + 1} as
x € [0, m]

(@)

Letg(x) = (x+ Dx+2)(x +3)(x +4)
The rough graph of g(x) is given as

N~/

N3 "1

fg) =+ DX +2)(x+3)(x+4)
=x+DE+4H)x+2)(x+3)

= (x?+5x+4)(x*>+5x +6)
=t(t+2)=(t+1)>*-1,

Where t = x2 + 5x

NOW gmin = —1, for which x? + 5x — 1 has real
roots in [—6, 6]

Also g(6) =7 X 8 x 9 x 10 = 5040
Hence, the range of g(x) is [—1, 5040] for
x € [—6,6]

Then, the range of f(x) is [4,5045]

(d)

o) =1 x*+e o >+1+e—-1
fx—nx2+1—n x2+1

e—1
- lrl(1_|_x2+1)
Now,1<x?4+1<

e—1
<1=>0<
x2+1 x2+1

=>0< <e-—-1

>1<1+

e—1
2

1Se':>0<ln(1+ +1)§1

)
Hence, the range is (0, 1]

(c)

f(x) = +/Ix| — {x} is defined if |x| = {x}

X

94

95

96

97

98

:xe(_oo_%]u[o,oo):YE [0, )

X

(©
The given data is shown in the figure below

X Y

® oN
1 \s B

Since, fY(D)=x
= fx)=D
Now, if BcX,f(B)cD

= fU(f®)=8B
(d)

The equation is x2 + 2ax + — = —a +

16
’az +x——
16
= f(x) =)
Which has the solution if x? + 2ax + 11—6 =x

1
=>x*+Q2a-Dx+—=0

16
For real and distinct roots (2a — 1)? —4%6 =0
=>20L—1<_—1 or2a—1>l=>a<lora>§
-2 -2 4 4
(b)
fx)=x"+1
= f(3)=3"+1=28
= 3" =27
“n=3
= f(4)=43+1=65
(@)

flx+f)=f) +y,f(0) =1

Puttingy = 0, we get f(x + f(0)) = f(x) + 0

= f(x+1)=f(x)VxER

Thus, f(x) is the period with 1 as one of its period
=>f(MD=fO=fG)==f1)=(0)=1
(d)

f(x) = cos(logx)
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99

100

101

102

= o) =3[ (5) + rean)

1
= cos(log x) cos(logy) — 5 [cos(logx —logy)]

+ cos(logx + logy)
= cos(log x) cos(logy)

— % [2 cos(log x) cos(log y)]
=0
(<)
From the given data g(x) must be linear function
Hence, g(x) =ax +b
Alsog(2) =2a+b=3andg(4) =4a+b=7
Solving we geta =2and b = -1
Hence, g(x) = 2x — 1
Then, g(6) = 11
(b)
x?F(x)+ F(1 —x) =2x —x* (1)

Replacing x by 1 — x, we get
>(1—-x)F1—-x)+F(xx)=2(1-x)—
(1-0* (2
Eliminating F (1 — x) from (1) and (2), we get
F(x)=1—x2
(b)
[x]? = x + 2{x}
= [x]? = x + 3{x}
2 _

Ly
[x]? — [x]

3
>0<[x]?—-[x]<3

=Lﬂ6<1_v?0L4Ll+w3
2 2
= [x] =-1,0,1,2

= {x} = g, 0,0, §, (respectively)

>0 <1

1 018
= = — —
‘x 3’ ) l3
(©
1

=— +Vx — 2
Y log10(1 —x)

y=f(x)+gx)
Then, the domain of given function is Dy N Dy
1
logyo(1-x)’
We know it is defined only when 1 — x > 0 and
1—-x+1
=>x<landx # 0. Df = (—,1) — {0}
For the domain of g(x) = vVx + 2
x+2=20=>x>-2
- Dy = [-2,1) — {0}

Now, for the domain of f(x) =

103

104

105

106

107

108

(d)

We have fog(x) = f(g(x)) = sin(log.|x|)
log.|x| has range R, for which
sin(log,|x|) e[—1, 1]
~Ri={u-1<u<1}

Also gof (x) = g(f(x)) = loge|sin x|
w0<|sinx| <1

= — < log,|sinx| <0

>R, = {vi—0 < v <0}

(d)

f(x) = ax® — Bx — (tanx)sgn x

f(=x) =f(x)

= —ax3 + fx —tanx sgn x = ax3 — Bx

— (tanx)(sgn x)
= 2(—ax? —B)x =0Vx €ER
=>ag=0andf =0
~[a]*=5[al+4=0and 6{a}> —5{a}+1=0
= Bx}-1D2{x}-1)=0
o 1 1 1 1
sa= 1+§,1 +E,4+§,4+§
Sum of values of a = %
(d)
v {x}€[0,1)
sinx € (0,sin 1) as f(x) is defined if sin{x} # 0

1 1 1
= sin{x} € (SIF' Oo) - [sin{x}] €23, .}
Note that 1 < Z = sin1 < sinZ = 0.866 = — >
3 3 sin1

1.155.
(@
f(x) =[6x + 7] + cosmx — 6x
= [6x] + 7 + cosmx — 6x
=7 + cos tx — {6x}
{6x} has the period 1/6 and cos mx has the period
2, then the period of f(x) = LCM of 2 and 1/6
which is 2

Hence, the period is 2
(a)
Given f(x +y) = f(x)f(y) Putx =y = 0, then
f0)=1
Puty = —x,then f(0) = f(x)f(—x) = f(—x) =

1

%)

Now, ) = A2
1
f(=x) o)

= g(—x) — 2= 1
HTEOP " 1L

__IW

1+f@p °

(b)

Wehave f(x —y) = f(x)f(y) — fla—x)f(a +
Page|34
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111

112

y)
Puttingx = aand y = a — x, we get

fla=(x—-a)=fl@f(x—a)=fO)f(x) (D
Puttingx = 0,y = 0, we get

£(0) = F(O)(F(0)) - f(@)f (a)
> £0) = (F(0)° - (F(@)”
=>1=1)?-(f@)"

= f(a)=0
= f2a—x) = ~f(2)
()

(@)f(x) = sinx and g(x) = cosx,x € [0,7/2]
Here, both f(x) and g(x) are one-one functions

But h(x) = f(x) + g(x) = sinx + cos x is many-
oneash(0) = h(w/2) =1
(b) h(x) = f(x)g(x) =sinxcosx = SIn2% s
many-one, as h(0) = h(r/2) =0

2

(o)Itis a fundamental property

(b)

1 o 1 2 3

Clearly, from the graph, the range is [1, f(—1)] =
[1,5]
fx<1,f(x)=—(x—-1)—(x—2)=—-2x+3.
In this interval, f(x) is decreasing
fl<x<2,fx)=x-1-(x-2)=1

In this interval, f(x) is constant
f2<x<3,fx)=x—-14+x—-2=2x-3

In this interval, f (x) is increasing

~ max f(x) = the greatest among f(—1) and
f(3) =5minf(x) = f(1) =1

So, the range = [1, 5]

(d)

f(x)=1Ix—-1|

> f(0)? = |x* — Lland (f(x))" = |x — 1> =
x2—2x+1

S f(?) # (F)°

Hence, option a is not true.

113

114

115

116

117

118

f+)=fO+fO)=>Ix+y—-1=

[x — 1] + |y — 1|, Which is absurd. Put

x = 2,y = 3 and verify.

Hence, option b is true.

Consider f(|x]) = [f(x)]

Put x = =5, then f(|-5]) = f(5) = 4 and
lf(=5)I=[-5-1]=6.

~ Cis not correct.

(b)

Draw the graph of y = log, s|x| and y = 2|x|

y=2[x] y =2[x|
, -1 1 .
Y 0
y = logg 5(x)
v = logg 5(-x)

Clearly, from the graph, there are two solutions

(b)

3f(x) + 2f (xx+_519) — 10x + 30

Forx = 7,3f(7) + 2f(11) = 70 + 30 = 100
Forx = 11,3f(11) + 2f(7) = 140

f7 _far -1
—20 —-220 9-4
(d)
f(xX)—14+f(1—-x)—1=0 sogx)+
gl—-x)=0

Replacing x by x + % we get g (% + x) +

£(3-0) =0

So, it is symmetrical about (% 0)

()

cos™ 1 (%) is defined if |1J2r—;2| <landx #0
>1+x2-2|x|<0

= (x|-1D?<0

>x=1,-1

Thus, the domain of f(x) is {1, —1} Hence, the
range is {1,1 + m}

(@)

Puttingx = 1, f(2) + f(0) = 2f (1) = f(2) =
2f(1)

Puttingx = 2, f(3) + f(1) = 2f(2)

= f(3) =2x2f(1) - f(1) =3f(1),and so on
~f(m)=nf(1),forn=1,2,..,n
fn+ D+ f(n—1) =2f(n)

=>fn+ D+ Mm—-1DfQA) =2nf(1)
=>fn+1D)=mn+1DfQ)

(d)

= f(7) =4
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120

121

122

1 1
Jisinx}+{sin(mw+x)} _\/{sin x}+{-sinx}

f&x) =

Now

0, sinx is an integer
1, sinx is not an integer
For f(x) to get defined {sinx} + {—sinx} # 0
= sinx # integer
= sinx # +1,0

{sinx} + {—sinx} = {

nm
=> X F 7,11 el
Hence, the domain is R — {nz—”/n € I}
(b)
1/2

We have f(x) = [logw (Sx o )] (D
From (1), clearly f(x) is defined for those values

2]20

5x—x

of x for which log;, [

= <5x_x2> > 10°
)=

s <5x—x2> -
)=

>x2-5x+4<0
>x-1Dx-4)<0
Hence, the domain of the function is [1, 4]

(b)
f(x) = |51n —| + |cos —|

The period of sin3 x is 27

=The period of sin3= 1s 7”2 =4r

= The period of sin3 5 is 2m

The period of cos® x is 2

= The period of cos® E is % =10m
5

= The period of |c055 §| is 5

Now the period of f(x) = LCM of {2r, 107t} = 107

(b)
y=x>+(k-1x+9

= (+"57) +9-(5)

For entire graph to be above x-axis we should

2

have 9 — (%)2 >0

=>k?—2k—-35<0=(k—=7)(k+5)<0
=>-5<k<7
(d)

|cosx|+cosx—{ 0, cosx <0
2cosx, cosx >0

For f(x) to defined cos x > 0

(4n-1m M)n € Z (1stand 4t

:>xE( ,
2 2

quadrant)

123

124

125

126

127

128

129

130

(9
f(x) —\/_sm(x+ )+2\/_

0rf(x)=\/§cos(x—z)+2\/_
= [\/7, 3\/5] and X = [—%,ﬂ or E,%"]

(©)
f@) =3,8(0) = zand h(x) = x>
f(gx) = x2 x#0

h(g(0) = = = (5()) ", x # 0

(©)

Fx+3)+fx+7) =2 (1)

Replacexbyx +2,f2x+7) + f(2x + 11) = 2
(2)

From (1) — (2) we get f(2x + 3)
0

= f(2x+3) = f(2x + 11)
=>f2x+3)=fQ2x+4)+3)
= Period of f(x) is 8

(d)

Herex +3>0andx? +3x+2 # 0
~x>—-3and (x+ 1)(x+2) #0,ie,x # —1,-2
~ The domain = (=3, o) — {—1, -2}

—f2x+11) =

The solutions are clearly 0, 1, 2, 3,and 3 = 2m — x
orx =2m—3

(d)
x+Vx? -4
=>fl)=——
2
. __logy(x+3)
For domain of f (x) = =

x> +3x+2#0andx+3>0

=>x#—1,—2andx > -3

o Dy = (=3,00) — {~1,-2}

(b)

fG) = [x] + [20] + [3x] + -+ + [x] = (x + 2x
+ 3x + .- nx)

= —({x} + {22} + (3x} + - + {na})

The period of f(x) = LCM( ’;';' ’%) =1

(9
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132

133

«—— y =tanx

«—— ¥y =mX

—)V =X

(-n/2 %)

(/2 x)

In (— %, 0), the graph of y = tan x lies below the
line y = x which is the tangent at x = 0 and in

(O, g) itlies above the liesy = x

Form > 1, the line y = mx lies below y = x in
(—g, 0) and above y = x in (0,%) Thus graphs of
y =tanx and y = mx, m > 1, meet at three points
including x = 0 in (— g,g) independent of m

(a)

We must have ax® + (a+ b)x> + (b+c)x + ¢ >
0

Sax?+(x+1) +bx(x+1)+c(x+1>0)

= (x+1(ax?+bx+c)>0

1 5) S 0ash? = 4
=alx+ )(x+z) > 0as b” = 4ac

b
=>x>—-1and # —
2a

()
y
[9) ' ! T X
vovo
1/8 1/4
=, 0<x <
4 8
Clearly, from the graph f(x) =442 1<y <1
5 <
x3, x>1

(9

The period of cos(sin nx) is % and the period of
tan (f—l) ismn

Thus, 6m = LCM (%,nn)

T Al
=>6n=511=>n=€,and6n=)lznn=>n
6

/12,/11,/12 et

134

135

136

137

138

Fromn=i:>n=6,3,2,1
A2

Clearly, for n = 6, we get the period of f(x) to be
6m

(©

Casel

0<|x]|-1<1=>1<|x| <2, then
x2+4x+4<1

=>x24+4x+3<0

>-3<x<-1

Sox € (—-2,-1) (1)

Case Il

x| —1>1=|x|>2thenx?+4x+4>1
=>x?+4x+3=0

=>x=-1lorx <-3

So,x € (—0,—3] U (2,) (2)

From (1) and (2),x € (—o0,-3]U (=2,-1) U
(2,0)

(©

See the graph of y = 2 cos x and y = |sin x|, their
points of intersection represent the solution of the
given equation

-2

We find that the graphs intersect at four points.
Hence, the equation has four solutions

(d)

flx) = eX’—3x+2

Letg(x) = x3 —3x + 2; g'(x)
=3x2-3=3(x*-1)

g'(x) = 0 forx € (—oo,—1]

~ f(x) =isincreasing function .. f(x)is one-one
Now, the range of f(x) = (0, e*]

But co-domain is (0, e°] - f(x) is an into
function

(a)

F(n+1) = :>F(n+1)—F(n):%

Putn =1,2,3,...,100 and add, we get

2F(n) + 1

1
F(101) = F(1) = 100 x

= F(101) =52 [+ F(1) = 2]

(@)
|x = 2| +a=+4
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140

141

142

143

144

S|x-2[=14-a

For4realroots,4—a >0and—-4—-—a >0
= a € (—o0,—4)

(@)

h(x) = log(f (x).g(x)) = loge™*D = {y} +
[y] = el*I sgn x

e*, x>0
h(x)=e|x|sgnx=§ 0, x=0
—e™X, x<0

e™, x<0
= h(—x) = ; 0, x=0 = h(x)=h(—x) = 0for

—e*, x>0
all x
(@)

Given f(x) = Yx™,n € N is an even function
wherem € |

= f(x) =f(—x)

> N =

=2 x™m=(—x)™

= m is an even integer

>m=2kke€el

()

1 1

E(gof)(x) =2x2—-5x+2 orzg[f(x)]
=2x2—-5x+2

~[{FGOP + {f(x)} — 2] = 2[2x* — 5x + 2]
= f(x)? + f(x) — (4x%> —10x + 6) = 0

—1+/1+4(4x2 —10x + 6)

Ff () = .
_ —1+/(16x2-40x+25) _ —1+(4x-5) _ _

= > = . =2x—3or
—2x+2

(d)

logs(x? —6x +11) <1

>0<x?—6x+11<3

= x € [2,4]

(b)

Given f(x+y)=f(x)+ f(y) —xy —1vVx,y €R

fa=1

fA=fA+D)=fD+f1)-1-1=0

fA=fC+D)=f2Q)+f1)-2 1-1=-2

fh+ D =fM)+f(H-n-1=f(n)—n
<f(m)

Thus, f(1) > f(2) > f(3) >...and f(1) =1

~f(1)=1landf(n) < 1,forn>1

Hence, f(n) = n,n € N has only one solution

n=1

)

g(x) = x3 +tanx+[

x> +1
P

145

146

147

148

= g(—x) = (—x)3 + tan(—x) +

(—x)?+1
=

= g(—x) = —x3 —tanx +

x> +1
P

= gx) +g(=x) =0
Because g(x) is a odd function

S| —x° —tanx + +
P
2(xz+1) 0 0<xz+1
52— =0=>
P - P

Now x € [—2,2]

—x3 —tanx
x2+1
P

=0

<1

5
=>OSF<1$P>5
(b)

Two triangles may have equal areas
~ fis not one-one
Since each positive real number can represent
area of a triangle
~ f is onto
()
Let f(x)=bx’+ax+c
Since, f(0) =0 =2¢=0
And f(1)=0=>a+b=1
f(x) ==ax+ (1 —a)x?
Also, f'(x) > 0forx € (0,1)
> a+2l-a)x>0 =
>0
2x
2x—1
Since, x € (0,1)
f=ax+(1-a)x}0<a<?2

a(l—2x) + 2x

= a> =2 0<ax<?2

(d)

f(x) is continuous for all x > 0 and f (g) =
fG)—f»)

Also f(e) =1

= Clearly, f(x) = log, x satisfies all these
properties.

~ f(x) = log, x, which is an unbounded function.
(a, d)

Given f(x) + f(y) = (x\/l —y2+yV1— xz) (1D
Replace y by x = 2f (x) = f(2xV1 — x2)

3f(x) = f(x) + 2f (%)

= fG) + f (211 -?)
=f(x\/1—4x2(1—x2) +2x\/1—x2\/1—x2)
=f (x\/m +2x(1 — xz))

= f(x|2x? — 1| + 2x — 2x3)
=f(2x3—x+2x —2x3) or f(x —2x3 +2x —
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150

151

2x3)

= f(x) or f(3x — 4x3)

= f(x) =0o0r3f(x) = f(3x — 4x3)

Consider 3f(x) = f(3x — 4x3)

Replace x by — x, we get

3f(—x) = f(4x> —3x) (2)

Also from (1), f(x) + f(—=x) = f(0)

Putx =y =0in (1), we have f(0) =0 = f(x) +

f(—x) = 0, thus f(x) is an odd function

Now from (2) — 3f (x) = f(4x3 — 3x)

= f(4x3 —3x) +3f(x) =0

(a,0)

f(x) = cos[m?]x + cos[—m?]x,

Weknow 9 < w2 <10and —10 < —m? < -9

= [r?] =9 and [-7?%] = —-10

= f(x) = cos 9x + cos(—10x)

= f(x) = cos 9x + cos 10x

T o

a. f (5) = cos—- +cos 5t = —1 (true)

b. f(x) = cos9m + cos 10mr = —1 + 1 = 0 (false).

c. f(—m) = cos(—9m) + cos(—10m) =cos 9w +

cos 10w

=—1+1 =0 (true)

d.f(%) = cos%ﬂ + cos%ﬂ = cos (27‘[ +%+ 0)

(false)

Thus, a and ¢ are correct options

(a,b, )

f(x) = tan(tan~! x) = x for all x and

g(x) = cot(cot™ 1 x) = x forall x

Hence, this pair is identical functions

f(x) = sgn(x) and g(x) = sgn(sgn(x)) have

domain R

f(x) has range {—1,0,1} and g(x) = sgn(sgn(x))

has range {—1,0, 1}

Also f(x) = g(x) for any x, then this pair is

identical functions

g(x) = cot? x — cos? x = cos? x (cosec? x — 1)
= cos? x cot? x = f(x)

F(x) = eloge™ " has the domain [1, ), whereas
g(x) = sec™! x has the domain (—oo, —1] U [1, )
Hence, this pair is not identical functions

(a,b,d)

flo) = ln[11—|x|]
1-[x]#1
>[1-|x]]=2=>1-|x| =2 = |x|] £—-1which
is not possible

x!
fx) = = Hence x!

natural number, but {x} becomes zero for these
values of x Hence, f(x) is not defined in this case

is defined if [1 — |x|] > 0 and

is defined only when x is

152

153

154

155

f(x) = x!{x} is defined for x beinga natural
number Hence, f(x) is a function whose domain

x €N
fx) = ﬁ Here In(x — 1) is defined only

whenx —1>0=x>1 Alsol —x2 > 0 for
denominator, i.e. —1 < x < 1 Hence, f(x) is not
defined for any value of x

(b)

f(x) = 3x — 5 (given)

Lety = f(x) =3x—5

In(x-1
1-x2

y+5
:y+5=3x=>x=T
x+5
= f710) ==
(a, b)

(x + 1)f(x) — x is a polynomial degree n + 1

> +Df(x)—x=k()[x—1][x —2]...[x —n]
(0

=>nh+2]f(n+1)-(+1) =k[(n+1)!]

Also, 1 = k(-1)(-2) ... ((—n — 1)) (Putting

x =—1in ()]

=1=k(-1)"1(n+ 1!
>n+2)f(n+1)—-(n+1) ="

= f(n+1) =1,ifnis odd and
(a,b,c, d)

Since £PRQ = m/2 and points P, Q, R lie on the
circle with PQ as diameter

AlsoPQ =5

Now, the maximum area of the triangle is

Amax =75 (5) (g) = 6.25

n . .
—, if nis even
n+2

For area = 5, we have four symmetrical positions
of point R (shown as Ry, Ry, R3, Ry)

For area = 6.25 we have exactly two points

For area = 7, no such points exist

(a,b,c,d)

foc+ D =202 (1)

= f)fx+1) =3f(x+1) = f(x) -5
_3f(x+1)-5

== T o1

Replacing x by (x — 1), we get

fx)-5
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3f(x)-5

fax-1) =572
f(x+1)-5 _f(x;_s‘s 2f(x)-5
x fo-3 ~ _ x)—
Using (1), f(x +2) = 50005 s Jw2
(3)
3f(x)-5
) oy _ 3f-1)-5 _ 3(f(x)—1)_5 -
USll‘lg (2), f(x 2) - flx-1)-1 - 3f(x)-5_
flo-1
2f(x) -5
f)-2 )

Using (3) and (4), we have f(x + 2) = f(x — 2)

= f(x+4) = f(x) = f(x) is periodic with period
4

(a,b, c)

f(x) is defined if logsin x| (x* — 8x + 23) —
SlogZsiny>0

x% —8x +23
= 10g|sin x| — =8

x%2-8x+23

This is true if [sin x| # 0,1 and <1

x%-8x+23
8

= x € (3,5) —{n,?)—n}

Now, <1=2x*-8x+15<0

2
Domain = (3,7) U (71, %) U (32—”, 5)
(a,d)
f(x) =sec™'[1 + cos? x]

f(x) is defined if [1 + cos? x] < —1 or
[1+cos?x]>1

= [cos? x] < —2 (not possible) or [cos?x] = 0
=>cos?>20=>x€R

Now0 <cos?x<1=>1<1+cos?x<2
= [1+cos?x]=1,2

1+ cos?x] =sec™'1,sec™t2
Hence, the range is {sec™! 1,sec™! 2}

(b, d)

f(x) =x%—2ax +a(a+1)
f(x)=(x—a)?+axE€[ax)

Lety = (x—a)’+aclearlyy > a
skx-a)?=y—a

Sx=a+,y—a

cfT' ) =a+Vx—a

Now f(x) = f~1(x)
>(x—-a)l+a=a+Vx—a
(x—a)}=vx—a

> x-—a)*=(x—-a)
>x=aor(x—a)d=

= sec”

=>x=aora+1

Ifa =5049,thena + 1 = 5050
Ifa+ 1 = 5049, then a = 5048
(b, d)

160

161

162

163

164

The period of f(x) = |sin 2 x| + |cos 2x| is /4

= [f(x)] is also periodic with period /4

Also 1< f(x) <V2

= [f(x)] = 1f(x) is a many-one and into function
(a )

f2)=f1+1)=2f(1)=10
fA=f2+1)=f2)+f(1)=10+5=15
Then f(n) = 5n

:Zf(r)—Sz

Replace y by -x,= f(0) = f(x) + f(—x)

5m(m +1)

Alsoputx =y =0= f(0) = f(0) + f(0) =
f(0)=0

= f(x) + f(—x) = 0, hence, the function is odd
(a,b,d)

f(0) = max{1 +sin0,1,1 —cos0} =1

g(0) =max{1,|0 — 1]} =1

f(1) =max{l+sin1,1,1—cos1}=1+sin1l
g(f() = g(1) = max{1,[1 -1} =1
f(g(®)=f(1)=1+sin1

g(f(l)) =g(1 +sin1) = max{1,|1 +sin1 — 11}

=1
(a,d)
Given that f(x) =y= ﬂ
aLetf(x)— —y:>x+2—xy y

=~x=y—j=x=f(y>

~ alis correct.

b.f(1) # 3 ~bisnot correct
’ _ox—1-x-2
c.f'(x) = 7 o 1)2 <O0forVxeR—{1}

= f(x)isdecreasingV x # 1
~ € is not correct

d. f(x)
- d is the correct answer

Thus, we get that a, and d are correct answer
(a,c)

fx+y)+flx—y)=2f().f(¥) (1)

Putx =0= f(y) + f(=y) = 2f(0)f(¥) (2)
Putx =y = 0= f(0) + f(0) = 2f(0)f(0)

= f(0) =1 (asf(0) # 0)

= f(=y) = f(¥) (from (2))

Hence the function is even then f(—2) = f(2) =
a

(a)

If f(x) = sin? x and g(x) = Vx

Now, fog = f(g(x)) = f(vx) = sin?Vx

and gof (x) = g(f(x)) = g(sin?x) = Vsin?x =

|sin x|

+2, . )
—isa rational function of x
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again if f(x) = sinx, g(x) = |x]|

fog(x) = £(8()) = f(Ixl) = sinlx| # (sinVx)"
When f(x) = x2,g(x) = sinvx

fog(x) = flg()] = f(sinVx) = (sinx)"

and (gof)(x) = g[f (x)] = g(x?) = sinVx? =

sin|x| # |sin x|
~ ais the correct option.

(a,b,c,d)
1, x is rational
fG) = {0, x is irrational
(1, x + k is rational
= flx+k)= {0, x + k is irrational

Where k is any rational number
S fle+k) = {01, x is rational

x is irrational

= flx+k)=f(x)
= f(x) is periodic function, but its fundamental
period cannot be determined

x — [x], 2n<x<2n+1
f(x)={1/2,[ ] 2n+1<x<2n+2
Draw the graph from which it can be verified that
period is 2

y=x+2
x' )‘/

-2 -1 0‘

’

y
fe) = (-7l
= fctm = (DI = ol = ol

Hence, the period is
f(x) =x—[x+3] +tan(E)
B 2

={x} -3 +tan (%)

{x} is periodic with period 1, tan (nz—x) x is periodic

2(m

with period 2

Now, the LCM of 1 and 2 is 2 Hence, the period of
f(x)is 2

(b,c)

As (0,0) and (x, g(x)) are two vertices of an
equilateral triangle; therefore, length of the side
of Ais

JG =07+ (gkx) - 0)? = ,/xz +(g0)”

. 3 2
=~ The area of equilateral A= % (x2 + (g(x)) )
_V3
T
= g(x)?=1—x?

= g(x) = +J1 —x?

167

168

169

~ b, c are the correct answers as a is not a function
(~rimage of x is not unique)
(a, c,d)
f2(x) =f(§x+ 1) = §(§x+ 1) +1
4 , 4\4

3 3
=(Z> X+Z+1 (1)
3
f3x) =f{f2(x)}=z{f2(x)+1}
2
Z{(Z) x+%+1}+1

_@34#+%1
=\z) *"\3) T2

=) @) @) )
+1
n —(3)"
()t
A=rlli_>r£1ofn(x)10+4=4
(b, c,d)

f(x) = sin(sin"tx) = xVx € [—1, 1] which is one-
one and onto

= —g]j —1(¢j = —
f(x) —sin (sinx) —X

The range of the function for x € [—1, 1] is [— %, %]

which is a subset of [—1, 1]
Hence, the function is one-one but not onto, hence
not bijective

f(x) = (sgn(x)) In(e*) = (sgn(x))x

X, x>0
={—x, x <0
0, x=0
This function has the range [0, 1] which is a subset
of [-1,1]
Hence, the function is into Also, the function is
many-one
x3, x>0
f(x) =x%sgn(x) ={-x3, x<0
0, x=0
Which is many-one and into
(b, c)

Given 2f (sinx) + f(cosx) = x (1)

Replace x by% —-x

= 2f(cosx) + f(sinx) = % —x(2)
Eliminating f(cos x) from (1) and (2), we get

T
= 3f(sinx) = 3x —3

. B T
= f(sinx) —x—g
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T
= f(x) =sin"1x ~z
f (x) has the domain [—1, 1]

P T T
Also,sin"1x € [_E’_

- T 2T T
]::»sm 1x——€[— —]
2 6

3’3

170 (a, b, c,d)

171

172

173

f(x) = sgn(cot™1 x) + tan (g [x])

sgn(cot™! x) is defined when cot™? x is defined,
which is for Vx € R

tan (g [x]) is defined when % [x] # @n, where
nez

>[x]#2n+1=>x¢[2n+1,2x + 2)

Hence domain of f(x) is Upez[2n, 2n + 1)
Alsocot™'x > 0,Vx €R,

Then f(x) =1+ tan (g [x]) =1

= f(x) =1,x € Dy
Y

0,1)

*——7o0  e——0

I I |
4 3 2

*——0

X

T T T T
1 1 2 3
Graph of f(x) = sgn(cot -1x) + tan % [x]

From graph f (x) is periodic with period 2

(a,b, c)
xX+y

Fe+£0) = £ (T=55)

Replace y by —x = f(x) + f(—x) = f(0) (1)

Putx =y =0= f(0)+f(0) = f(0) = f(0) =0

= f(x) + f(=x) = 0 (from (1))

Hence, f(x) is an odd function

fO)+ ) = f(x/T=y + y/1-x2)

Replace y by —x = f(x) + f(—x) = £(0) (2)

Putx =y = 0= f(0) + f(0) = f(0)

= f(0) =0= f(x) + f(—x) = 0 (from (2))

Hence, f(x) is an odd function

fx+y)=f)+f)

Replace y by —x = f(0) = f(x) + f(—x) (3)

Putx =y=0= f(0+0) =f(0)+ f(0) =

f0)=0= f(x) + f(—x) =0 (from(3))

Hence, f(x) is an odd function

(b, c)

f(x) must be a linear function, let f(x) = ax + b

= f(ax+b)=6x—ax—>b

>alax+b)+b=6x—ax—>b

=>a’=6-aandab+b=—b

>a=20r-3=>b=0

= f(x) =2xor—3x = f(17) = 34 or —51

(b, c)

1. For f(x) = logx?,x*> > 0> x € R — {0}

174

175

176

177

178

Forg(x) =2logx,x >0

Hence, f(x) and g(x) are not identical

2. f(x) =log,e =

Hence, the functions are identical

3. f(x) = sin(cos™1x) = sin (% — sin™? x) =
cossin—1yr=gx

Hence, the functions are identical

(b, d)
f<x+1)=x2+l
X x2
L (xed) mx Lo (x4 Y) -2
X x? X

=>f) =y*-2

Nowy=x+§2 2or< -2

Hence, the domain of the function is (—o0, —2] U

[2,00)

Also for these values of y, y? > 4 = y2 — 2 > 2

Hence, the range of the function is [2, o)

(a,b, c)

(f +2@3.5) =f(3.5) +g(3.5) = (-0.5) + 0.5
=0

f(g®)=r(0)=3

)@ =f2)g2)=(-Dx(-D =1

f-2@) =f4) -84 =0-26=-26

(b)

Both the statements are true, but statement 2 is

not a correct explanation of statement 1, as for

f(g(x)) is onto it is necessary that f (x) is onto,

but there is no restriction on g(x).

(b)
A function which can be expressed as a sum of
odd and even function need not to be odd or even

But f(x) = loge” is not defined for x < 0, hence
statement 2 is true but not correct explanation of
statement 1

(9

Obviously, f(x) = x? + tan™! x is non-periodic,
but sum of two non-periodic function is not
always non-periodic, as f(x) = x and g(x) =
—[x], where [.] represents the greatest integer
function.

f(x) + g(x) = x — [x] = {x}is a periodic function
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180

181

182

183

({.} represents the fractional part function)

()
Let max|f (x)| = M where 0 < M < 1 (since f is
not identically zero and |f (x)| < 1Vx € R)

Now, f(x +y) + f(x —y) = 2f (x).g(y)
= 2f(0).gW=f(x +y) + f(x — I

= 2|fllgI < If(x + )+ If (x — )l
<M+M

= lgly)| < 1fory €R

(@)

It is a fundamental concept.

(9

f(x) tan~!x is an increasing function, then the
range of function is [tan™* 1,tan"1 V3] =

[m/4,m/3].

Hence, statement 1 is true. But statement 2 is not
true in general. For non-monotonic function,
statement 2 is false

(9
sin(kx) has period % and period of {x}is 1

Now LCM of% and 1 exists only if k is a rational

multiple of m (as LCM of rational and irrational
number does not exist). Hence, statement 1 is
true.

But statement 2 is false as sum of two periodic
function is not necessarily periodic. Consider
f(x) =sinx + {x}

(©
fog(x) can be even also when one of them is even
and other is odd

184

185

186

187

188

(d)
( 2tanx ) _ (1 + cos 2x)(sin? x + 2 tanx)
1+tan2x/ 2
2 cos? x (sec®?x + 2tanx
= f(tan2x) = ( )

2

=14+ 2sinxcosx =1+ sin2x

= f(y) = 1+ y where y = sin 2x, now
sin2x € [-1,1]

= f(y) €10,2]

Hence, statement 1 is false but statement 2 is true

(o)
Givenf(x) = (x+1)?—-1,x > -1

= f'(x)=2(x+1)=>0forx > -1
= f(x) is one-one

Since, codomain of the given function is not given,
hence it can be considered as R, the set of reals
and consequently R is not onto.

Hence, f is not bijective. Statement Il is false.
Also, f(x) = (x+1)2—-1>—-1forx > -1

i) =vx+1-1
Clearly, f(x) = f7'(x)atx =0andx = —1
Statement I is true.

(b)

Obviously, both the statements are true but
statement 2 is not a correct explanation of
statement 1, as function f(x) = cos(2x + 3)
which is periodic though g(x) = 2x + 3 is non-
periodic

(a)
Obviously, the graph of y = tan x is symmetrical
about origin, as it is an odd function.

Also derivative of an odd function is an even
function, and sec? x is derivative of tan x, hence
both the statements are true, and statement 2 is a
correct explanation of statement 1

(b)

Both the statements are true, but statement 2 is
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190

191

192

194

not a correct explanation of statement 1 as
f(g(x)) is one-one when g(x) is one-one and f(x)
is many-one

(b)
lx? — 5x + 4|—|2x — 3|| = |x? — 3x + 1]

= ||x? — 5x + 4|—|2x = 3|
= |(x? = 5x + 4) + (2x — 3)|

>x?2-5x+4)+(2x-3)<0

>x-1D2x-3)(x—4)<0

= x € (—o,1]U [%,4]

Hence, statement 1 is true.

Statement 2 is true as it is the property of
modulus function but is not a correct explanation
of statement 1

(b)

Obviously, both the statements are true but
statement 2 is not a correct explanation of
statement 1, as for f(x) = cos(sin x) the period is
1, where sin x has period 2r. Thus, the period of
f(g(x)) is not always same as that of g(x)

(@)
fx)—1+f(1—-x)—1=0;s0g(x)+
gl-x)=0

Replacing x by x + %, wegetg G + x) +
(i) =0

So it is symmetrical about (% O)

(@)
Consider f(x) = tan x, which is surjective,
periodic but discontinuous

(d)

Statement 1 is false, though f(x) = sinx and
g(x) = cos x have same domain and range,
cos x = sinx does not hold for all x € R.

However, the statement 2 is true

195 (a)
For any integer k, we have f (k) = f(2nm + k)
where n € Z, but 2nm + k is not integer, hence
f (x) is one-one

196 (d)
If b2 — 4ac > 0 then ax? + bx + ¢ = 0 has real
distinct roots «, £.

If a > 0, then for f(x) = Vax? + bx + c to get
defined, ax? + bx + ¢ > 0, then the range of f(x)
is [0, ) (as b? — 4ac > 0)

\a\/f/ X

Ifa < 0, then for f(x) to get defined, ax? + bx +
¢ = 0, then the range of f(x) is [O, - %].(as
b? — 4ac > 0)

y

Hence, statement 1 is false, but statement 2 is true

197 (a)
a. f(x) =logs(5 + 4x — x?)
=log3(9 — (x — 2)?)
Now —o0 < 9(x —2)?2 <9
But for f(x)to get defined,0 <9 — (x —2)2 <9
= —oo < log3(9 — (x — 2)?) < log5 9
=>= - <logz(9— (x—2)?) <2
Hence the range is (—oo, 2)
b. f(x) = logz(x? — 4x — 5)
=log((x — 2)*-9)
For f(x)to get defined,,0 < (x —2)2 -9 <
= lim logx < log.(x —2)> -9 < lim logx
= -0 < f(x) <o
Hence the range is R
c. f(x) =logs(x? — 4x + 5)
=logs((x —2)*+1)
(x—2)2+1¢€[1,)
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199

200

= logz(x? — 4x + 5) € [0, )

d.x =logs(4x — 5 — x?)

=log3 (=5 — (x% — 4x))

=logs(—1 - (x — 2)?)

Now, —1 — (x — 2)? < 0 forall x

Hence, the function is not defined

(@)

a. f(x) = ecos* mx+x—[x]+cos® mx

cos?x + cos* mx has period 1

x — [x] = {x}has period 1

Then the period of f(x)is 1

b. f(x) = cos 2m{2x} + sin 2m{2x}

the period {2} is 1/2 then the period of f(x) is 1/
2

c. Clearly,

tanm[x] =

0 V x € R and the period of sin 3w{x} is equal to 1
d.f(x)=3x—[3x+a]l-b=3x+a—-

[3x +a] — (a+Db)

={3x+a}—(a+b)

Thus the period f f(x) is 1

(@)

Since, f(g(x))is a one — one function

= f(g(x1)) # f(g(xz))whenever g(x;) = g(xz)
= (g(xl)) * (g(xz)) whenever x; # x,

= g(x) is one — one

If

f(x) is not one — one, then f(x) =

y is satisfied by x = x4, x,

= f(x1) = f(x,) = yalso if g(x) is onto, then
Let g(x;1) = x5 and g(xz) = x;

= f(g(x1) = f(g(x2))

= f(g(x)) can not be one - one.

(@)

p.y =tanx = %

From the graph, it is clear that it will have two
real roots.

g. See the graph of
y =2%andy =
|sin x|. Two curves meet at four points for €[0, 2]

201

202

y
2 __________________________________ y — 2COSX
| T e
11 TS\ «—— ) = [sinX|
: X
o /2 Ll 30/2  2=n

So, the equation 2€°* = |sin x| has our solutions
r. Given that f(|x|) = 0 has real roots = f(x) =
0 has four positive roots.

Since f(x) is a polynomial of degee 5, f (x) cannot
have even number of real roots.

= f(x) has all the five roots and one root is

negative
s. 7(|5 = IxI]) = 1
= |5 — |x|| =7~
Draw the graph of y = 7"*landy = |5 — |x||
Yy
-5
y=7HK
From the graph, the number of roots is four
(@)

f (tanx) is defined if 0 < tanx < 1
T
= X€ [nn,nn+z],nel

f(sinx) is definedif 0 <sinx <1
= xe[2nm, 2n+ 1)],nel
f(cosx)is definedif 0 < cosx <1

:xe[Znﬂ—%,Znn+g],nel

f(2sinx) isdefinedif 0 < 2sinx <1=0
<sinx <1/2

5w
= [Znn, 2nm + 6] [Znn +—,Cn+ Dn|,nel

(@)
a. f(x + 1 /2) = cos(|sin(x + w/2)| —

= cos(Icost— | —sin x|)
= cos(|cos x| — |sin x|)
= cos(|sin x| — |cos x|)
=f(x)

b. f(x + m/2) = cos[tan(x + m/2) + cot(x +
z/2.costany+z/2—cotx+r/2
= cos[— cot x — tan x]. cos[— cotx + tan x]
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204

= cos(tan x + cot x).cos(tan x — cotx)

= f(x)

c. The period of sin~!(sin x) is 27. The period of et
=LCM(Q2m, ) = 21

d. the given function is f (x) = sin3 x sin 3x

3sinx — sin 3x
= f) = (=

2 ) sin 3x

3 1
= f(x) = 3 (cos 2x — cos 4x) — §(1 — c0s 6x)
= The period of f(x)is

(a)
x+4, for x< -4
Given, f(x):{3x+2, forr —4<x<4
x—4, for x=4

A) f(-5) + f(-4) =(-5+4) + (3(—-4) +2) =

-11

B FUfF8D =f(-8+4D=f(@) =4—-4=

0

O FfFED+FB))=f(-7+4+9+2)
=f(8)=8-4=14

o (£ (FG)))+1=7(F(r@)) +1

=f(f(6+2))+1
=f(f(6+2))+1
f(f8)+1
=f(8—-4)+1
=f(4)+1
=4—-44+1=1

(@)

a. f(x) = cot™1(2x —x? — 2)

=cot (-1 -(x—1¥)-1-(x—1)2%<-1

= f(0) = f(2).Hence, f(x) is many — one
3

> cot™!2x—x2—-2)e ik

Hence, f(x) is onto
Also, f(3) = f(—1), hence function is many — one
-1-(x—-1)%=-5

Clearly, from the graph that f(x) is many —
one and onto
C.

205

206

0.4 y =4+3x?
5 C

d. LetX = {xl,xz,

Let f(x1) = x,

= f(f(x1)) =f(x) > x;

Thus f (x) is one-one and onto.

(@)

a f(x) = {(sgn )"y = |

_ { 1, x>0

-1, x<0

Hence, f(x) is an odd fundtion

_ X X

b. f(x) = pravis 1

S flx)=———Z41=
0=y tt=

_xe*—x+x x +1

o er—1 2

=x+ +1=
X e*x—1 2 e*

=f(x)
0!
¢ f(x) {1, If x is irrational
0, If— xisrational

= f(=x) = {1, If — x is irrational
_ {0, If x is rational

“ |1, Ifxisirrational

=f(x)

d. f(x) = max{tanx,cotx

= f(—x) = max{tan(—x), cot(—x) }

= max{—tan(x), —cot(x) }

—max{tan(x), cot(x)}

—f(x)

Hence, f(x)is an odd function

Also f(x + m) = max{tan(x + 1), cot(x + m)}
= max{tanx, cotx}

Hence, f(x) is periodic with period ©

(a)

— 2x T T
a.tan 1( 2)6(——,—)
1-x 2°2

1, (T
= 2tan xe( 2,2)
T
_1 _
= tan xe( 4,4)
>tan lxe(-1,1)
b. f(x) = sin"!(sinx) and g(x) = sin(sin~1 x)

,x_n}

x>0
x <0

(D",
(=D,

X

x+1
e*x—1 2

+241
-1 2

If x is rational
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208

f(x) is defined if sin x € [—1,1] which is true for
allxeR

But g(x) is defined for only x € [—1,1]

Hence, f(x) and g(x)are identical if x € [—1,1]
c. f(x) = log,2 25 and g(x) = log, 5

f(x) is defined for V x € R

— {0,1}and g(x)is defined for (0, ) — {1}
Hence, f(x) and g(x) are identical if x € (0,1) U
(1, )

d. f(x) = sec™tx + cosec™lx, g(x) =
sin—1x+cos—1x

f(x)has domain R

—(—1,1) and g(x)has domain [—1, 1]

Hence, both the functions are identical only if
x=-1,1

(c)
_(x+1, x<1
X+ <x<
flo) = {2 1, 1 2
()_{ x%, —-1<x<?2
g +2, 2<x<3
_(sx)+1, glx) <1
ﬁf(x)_{Zg(x)+1, 1<g(x) <2
= f(g(x))
x°+1, x2<1,-1<x<?2
) x+2+1, x+2<1,2<x<3
T ) 2x%+1,1<x?2<2,-1<x<2
2c+2)+1,1<x4+2<22<x<3
x*+1, —-1<x<1
= x)) =
f(&) {2x2+1, 1<x<V2
Hence, the domain of f(x) is [— 1, \/7]
(b)
-1
fo+f () =1+x @)

In (1) replace x by xx;l, we have f (XT_l) +

1
f <’§c—1>

x—1
=1+

= (5 ) f(&H)=1+7 @
Now from (1) and (2), we have f(x) — f (ﬁ) =
x=2(3)

In (3) replace x by i,we havef(ﬁ) _f(xT_l
1

1—x  _L
or f (555) - ( )= @)

Now from (1) + (3) + (4), we have 2f(x) =1 +

x+x——+——x
—-X

)

209

210

2x(x—1)

X -x?-1

& =5a-n
X -x?-1 .
= g(x) X —1) —x+
x2—-x—-1
x(x—1)
Now for y = ,/g(x), we must have ) 1> 0or
1—/5 1+5

)

x(x—1)
=>x € (—oo,l_\/g]u (0, DHu [1 +\/§,oo>

2 2

(d)
Here,
f+2f(2)+3fB) +--nf(n) =n(n+

1/nfor n>2 (1)
Replacing n by n+1, we get
fAO+2fR)+3fB)++n+Df(n+1)
=(n+1n+2)f(n+1) (2)
From (2) - (1), we get
n+Df(n+1)

= (n

+D{(n+2)f(n+ 1) —nf(n)}
=>fn+1D)=m+2)f(n+1) —nf(n)
>nfn)=m+2)f(n+1)—-f(n+1)
>nf(n)=m+Df(n+1)
Putting n=2,3,4,..., we get
2f(2) =3f(3) =4f(4) = - =nf(n)
From (1), f(1) +2f(2) +3f(3) + - + nf(n) =
n(n+1)f(n)
= f(D)+m—-1.nf(n)
=n(n
+1Df(n)
= f(1)
= 2nf(n)

S )_f()

_1
T 2n

1
2006

f(1003) = 2(1003)

(a)

(FG)f (1) = 64x (1)
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. 1-x 1-y
Putting — = y, or x = —, we get
g 1+x y 1+y g

()0 =6(5)

1 —x\)? 1—x
= 1o (Tt = o(335) @
From (1)2/(2), we get
e GE) e
1-x\)2 1-—x
Fo {2} e(3)
> (FGO) = 64x? (1 fi)

1/3

- 0= aetn (L2

x = f(9/7) = —4(9/7)*/*(2)

(d)
lg(x)| = |sinx|x e R
_ (Isinx| =1, —1<|sinx| <0
flgD = { (Isinx[)?, 0 < (|sinx|) <1
=sin®x,x €R
sinx — 1, —1<sinx <0
f(g(x) —{ sinx, 0<sinx<1

{sinx -1, 2n+ D <x<2nm
= €

sinx, 2nm<x < (2n+ Dn n
= f(lg()D)

_{1—sinx, Cn+r<x<2nm

2nt<x<(2n+ D)m nez
Clearly hy(x) = f(lg(x)]) = sin? x has period m,
range [0, 1] and domain R
(d)
Given ap1 = f(an)
Now a; = f(ao) = f(x)
= ay = f(a1) = f(f(a0)) = fof (x)
_ fofofof ..f(x)
n times
a; = f(x) = (a—x™)M/m

= 4y = f(F@) = [a— {(@—xmymy"] " = 1
= a3 = f(f(f®)) = f()

Obviously, the inverse does not exist when m is
even and n is odd

(@)

fi(x) = x* and f5(x) = x|

= f(x) = fi(x) = 2f,(x) = x* — 2|x|

Graph of f(x)

sin? x,

= an

214

215

216

217

218

./

\» - 1

f(x),-3<x<-1
-1,-1<x<0
0,0<x<?2
f(x), 2<x<3

(x2+2x,—3Sx<—1

i -1,-1<x<0

0,0<x<2
x?—2x,2<x<3

The range of g(x) for [-3,—1] is [-1, 3]

(a)

g(f(x)) is not defined if

()—-2+a>8and (ii)pb+3>8

a>10andb >5

()

fQ-x)=f2+x) (1)

Replace x by 2 - x,= f(x) = f(4 — x) (2)

Also given f(20 — x) = f(x) (3)

From (1) and (2), f(4 —x) = f(20 — x)

Replace x by 4 — x,= f(x) = f(x + 16)

Hence the period of f(x) is 16.

Given f(0) = 5.

gx) =

()
[f(x)] —-m<f(x)<0
g(f(x)zisinf(x), 0<fx)<m
( [lx] —r1<[x]<0, -2<x<-1
_ ) lxl+1], #<Ix[+1<0, -1<x<2
sinx, 0<[x]<m, —2<x=<-1
sin(Jx| +1), 0<|x|+1<m -1<x<2
_ [x], —2<x<-1
B {sin(lxl +1), -1<x<2

Hence, the range domain is [—2, 2]
Alsofor-2<x < -1,[x] =-2,-1

And for—1 <x <2,|x| +1€[1,3]

= sin(|x| + 1) € [sin 3,1]

Hence, the number of integral points in the range
is4

(3)
We have f (Zxx__;) =5x—2=f15x-2)=>
2x-3
x-=2

Let5x —2 =13,thenx = 3
Hence, f~1(13) = % =3

(7)

Obviously f is a linear polynomial
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219

220

221

222

223

Let f(x) = ax + b hence f(x?> + x + 3) +

2f(x? = 3x +5) = 6x%—10x + 17

= [a(x? + x + 3) + b] + 2[a(x? — 3x + 5) + b]
= 6x% — 10x + 17

>a+2a=6 (1)

=>a—6a=-10 (2)

(comparing coeff. of x? and coeff. of x on both

sides)

a=2

Again, 3a + b + 10a + 2b = 17 (comparing

constant term)

=>6+b+20+2b=17

W f(x)=2x—-3

=>f(5)=7

(7)

Llet2x +y=3x—-y=>2y=x=>y=

:>f(x)+f(7x> STz ( )+2x +1

x2
= f(x) =1- 7

= f(4) =-

(7

From E to Fwe can define,inall,2 X 2 X 2 X 2 =
16 functions (2 options for each elements of £
either map to 1 or to 2

~ Number of onto function = 16 — 2 = 14
(7)
27

3

(3) <%
=>6x+10—x2>3
X2 —6x—-7<0
S(+FD(x-7)<0
=0,1234,5,6
4)

6x+10—x2

(2x2—42* +4)+1+|Ib—1| — 3| = [siny|
= (2*=2)2+1+|lb—1]|-3| = Isiny|
= (2*=2)2+1+|lb—1]-3| = Isiny|

LHS>1andRHS <1
n2X=2,b—-1-3=0

=>((b-1)=43
=>b=4-2
(1)

Given f(f(x)) = —x + 1
Replacing x — f(x)
FFr@))=-f@ +1
fA=x)=—-f(x)+1
fO+fA-x)=1

224

225

226

227

228

-1 )er )
0)

b
Letx=|a| 1b] 4 lel

PR

If exactly one - ve, thenx = 1
Exactly two - ve, then x = —1
All three -ve, thenx = -3

All three +ve, then x = 3
Then the required sum is 0

(9)
1
g(x) + Etan‘llxl +1

= sgn(g(x)) =1

23 COSZZ

= sin“° x — x=1

= sin?3 x = 1 + cos?? x which is possible if

sinx =1andcosx =0

T
>sinx=1,x = 2nn+§

hence —10m < 2nn+%£ 8t = —24—1SnS175
=-5<n<3
Hence, number of values of x = 9.
(1)

T T
f(x) = sin? x + sin? (x + §) + cos x cos (x + 5)

1 2
=sin?x +Z(sinx + \/gcosx)

1
+ E coSs x(cos X — \/§ sin x)

_5(2 + 2)_5
—4smx COSJC—4

(gof)x = glf (x)]g(5/4) = 1
(7)
We have f(2x) — f(2x)f( ) + f(16x%y) =

f(=2) = f(4xy)
Replacing y by L

fx) - f(2x)( )+ r@ =12 -1(5)

~fRx)+f (Z) = f(2x)f (Z) [as f(x) is even]
~f(2x) =1+ @0)"

=>f(x)=1+x"

Now f(4) =1 + 4™ = —255 (Given)

Taking negative sign, we get 256 = 4" = n =4

Hence f(x) = 1 — x*, which is an even function.
= f(2) =-15

(5)

x'—(x—1!'#0 = xelt — {1}

We get

2ﬁ> *astan~lx < %
(x—4)(x—10)

(x—D'(x-1)

<0
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229

230

231

232

233

234

= x€{5,6, ...,9}
(2)

e +r () =4

. 1 1 1
Replacing x — —; f (;) + f(x) = St

1 , 1
> —Z+tx=x"—
x

x2

1, 1
SX——=X -
X X

(==Y e e
- (- 2)= i) =0

1 1 .

x=_x+-= 1 (rejected)

Hencex =1or—1

(3)

Clearly fundamental period is 4?”, then z lies in the

third quadrant.

(3)

logy/3(log7(sinx + a) > 0

=0 <log,(sinx+a)<1

1 < (sinx +a) <7 Vxe R['a’should be less than
the minimum value of 7 — sin x and ‘a’ must be
greater than maximum value of 1 — sin x|
=>1-sinx<a<7-sinxVxeR

2<a<e6

(3)

fG3n) =f(F(f(W)) =3f(m),¥neN
Putn=1,f(3) =3f(1)

If f(1) = 1,then f(f(1)) = f(1) = 1, but
f(f(n)) =3n

= f(f(1)) = 3, giving 1 = 3 which is absurd.
~f)#1

=3=f(f())>f()>1

Sof(1) =2
f@=f(f()=3
(7)

ax® 4+ bx® + cx* + dx® + 15x + 1
X

fl) =

7 5 3 1
ax’ + bx> + cx +dx+;+15

odd function
Now f(x) + f(—x) = 30
= f(-5)=30-f(5) =28
(8)
Since f is periodic with period 2 and
f(x) = x V xe[0, 1] also f(x) is even
= symmetry about y-axis
=~ graph of f(x) is as shown

235

236

237

238

-1 0 1 2

£(3.14) = 4— 3.14 = 0.86

(1)
|||x2—x+4|—2|—3|=x2+x—12
= [Ix2—x+2|-3| =x+x-12
> [x2—x—-1]=x%+x—12

= 2x =11
=>x=11/2
(3)

fG)+f(=x)=0

= f(x) is an odd function.

Since point (—3, 2) and (5,4) lie on the curve,
therefore (3, —2) and (—5, —4) will also lie on the
curve. For minimum number of roots, graph of

continuous function f(x) is as follows.
Y.

('37 2) T

(5.4

(3,-2)

54 L

From the above graph of f(x), it is clear that
equation f(x)=0 has at least three real roots.

(5)

f(x) and f~1(x) can only intersect on the line

y = x and therefore y = x must be tangent at the
common point of tangency

23x2—-T7x+c=x

=3x2—8x+c=0 ..(1)

This equation must have equal roots

=>64—-12c =0
64 16
Sc=—=—
12 3
(6)

Let x2 = 4 cos? 6 + sin? 0
Then (4 — x?) = 3sin?6 and (x? — 1) = 3 cos? 8
=~ f(x) = V3|sin ] + V3|cos 6|

= Ymin = V3 and
_\/§<1 1)—\/8
ymax— \/E \/E -
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Hence range of f(x) is [\/§, \/8] Now putx =1,
Hence maximum value of (f(x))zis 6 243 V\;e have f(3) = f() + f(2) =3+ 6 =9
239 (5) (3)
As a > 2, hence f(x) =+Vsinx+cosx +V/7x —x2—6
i3
a?>2a>a>?2 = /\/fsm(x+—)+ (x—6)(1—x)
Now (x —a)(x — 2a)(x —a?) < 0 4
. . . . T
= the solution set is as shown Now f(x) is defined if sin (x + Z) = 0and
0—T Tﬂ x—6)(1-x)=0
| | | =>OSx+%Snor2nSx+%S3nand
2
0 a 2a a 1<x<6
Between (0, a) there are (a — 1) positive integers = —% <x< %” or%7r <x< 1?Tnand 1<x<6
and between (2a, a®) thereare a® —2a —1+a — 3m1 7
1=18=ad>—-a—20=0 :xe[1,4]U[4 6]
(a=5)(a+4)=0 Integral values of x arex = 1,2 and 6
na=5 244 (1)
240 (0) log,(x? — x +2) >log,(—x% + 2x + 3)
f@x) + f(=x) _4 142 299
(x)=T PUtx_9’loga(81)>loga(81)
- 142 299
Y E N <25 0<a<1
23 +17 13 81 81
17 1 1 = log, (x2 — x + 2) > log,(—x?% + 2x + 3)
=§_x2—x+1+1+x+x2] Gives0 < x? —x+2<—x?>+2x+3
1[ 2(x*+1) x?—x+2>0and2x?—-3x—-1<0
T 2|(x% + 1) —x2 3—+17 3+17
| = <x<
x2+1 4 4
T Xt t a2+ 1 245 (6)
x* -1 ke odd
“r1o 0=t fl) =k+3
241 (4) k+3
k)) =——
Putx =1landy =1, f(]’:(3)) 2 s
2 _ kt3; — X3 i
fF)-f(1)—6=0 If —=isodd = 27 = —=+ 3 = 45 not possible
:f(1)=30;f(1):—2 :’czﬁiseven
owputy =
k+3 k+3
1 oo = = _ )
= fG.F) = fG) +2(5 +2) 2= (1) =1 () =
~ (2241 * k=105
=f@)+ ( . ) Verifying f (£(£(105))) = £(£(108)) = f(54) =
2(2x + 1)
> FOIFM) - 1] ==—— 27
2(2x + 1) ’ # =105
X
= f) = s 246 (4)
x[f () - ]2x+1 f(x) =[8+ 7] + |tan 2mx + cot 2mx| — 8x
For f(1) =3 f(x) = . ey = [8x] — 8x — 7 + |tan 27mx + cot 2mx]|
and for x = —2f(x) = Z(L;l) (2) = —{8x} + |tan 2mx + cot 2mx| + 7
—3X . .
S FA)2) = 4 Period of {8x}is 1/8
Also, |tan 2mx + cot 2mx|
242 (9) .
i sin 2mx  cos 2mx 1
Given f(x +2) = f(x) + f(2) = + — |=| ,
p -1 h 1 = 1 ) cos2mx  sin2mx sin 27x cos 27x
utx = —1,we aVEf()—f(—_)+f() — |2 cosec 4mx]|
= f(ll) =—f(D) +f(2) (asf(x) is an odd Now period of 2 cosec 4mx is 1/2, then period of
function) 2 cosec 4mx is 1/4,
= f(2)=2f(1)=6
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~ Period is L.C.M. of %and% which is i

DCAM classes

Dynamic Classes for Academic Mastery
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