EUNGTIONSISTHEIR GRAPHS

ach of these questions has 4 choices (a), (b), (¢) and (d) for its answer, out of which ONLY ONE is correct.

SINGLE CORRECT CHOICE TYPE
A E

A certain polynomial P(x), x e R when divided by

x—a, x—b, x—c leaves remainders a, b, c respectively.
The remainder when P(x) is divided by (x —a) (x —b) (x—c¢)
is (a, b, c are disticnt)

@ o (b) x

() ax+tb—c (d) ax? +bx+c

If f:R—>R,g:R— R be two given functions then
h(x)=2 min {f(x)—g (x), 0} equals

@ f)+g®)—lgk)—fx)

(b) f()+g(x)+lg(x)—f(x)]

© f()-g)+lg@x)—f(x)

d f)-g@-lg®) -/

Iff(x) = /3| x| —x—2 and g (x) = sin x, then domain of

definition of fog (x) is

2 +£}
(a) {nn 2 nel

o U (Znn +7?n, 2nm +%)

nel

T
(c) {2117: + ?}n .

T n 1in
(d) {(4m+1)5m G[}}/ILEJI|:2HTE+?,2I’ITE+?:|

If [x] denotes the integral part of x, then the domain of 9.

f(x)= cos™! (x+[x]) is

fim  (I+sinm)’ —1

If J(¥) =50 (+sinm) +1° then the range f'(x) is
@ L1} (b) {0.1}
© L1} (d {-1,0,1}

Iff: (0,7) —> R, isdefined by f(x)= Z{Hsin(ﬁﬂ,where
k=1 n

[x] denotes the integral part of x, then the range of f(x) is
(@ {n-Ln+1} (b) {n-Lnn+1}

© {nn+l}
Letf(x)=(x+1)>— 1, x > —1, then the set
S={x:f@=/"(@)}is

(@) {0’_1, —3+zf’—3—1\/§}

2 2

(d) none of these

(b) {0517_1}
(¢ {0,-1}
(d) empty

Range of the function fdefined by f(x) = { } (where

sin {x}
[.]and {.} respectively denote the greatest 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 {2,3,4,....}

A function F (x) satisfies the functional equation

sz(x) +F(1—-x)=2x— x* for all real x. F (x) must be

0 o o 1, 3 e 5 S
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1—x 17. If f:R —[0,) is a function such that
10. If 2f(x—1)—f(—]:x, x # —1,0then f(x) is
* fx—=D+f(x+1) =x/§f(x) , then period of f(x) is
1 1 1-x @ 2 (b) 6
@) 5[2(1 +x)+ 1+ x} ® 2G-1- . () 12 (d) none of these
1 1 1-x 18.  If x>+ y2 =1, then minimum and maximum values of x +y
(© x2+—2+3 @ —+ .
. x l+x are respectively
11.  Ifxandy satisfy the equations y =2 [x]+3 and y =3 [x—2] @ —+2.42 b -1,1
simultaneously, then [x + y] is (where [ ]
represents integral part function) (©) L (d) _ ﬁ
@ 21 ®) 9 J2' 2 2
(© 30 @ 12 19. The number of pairs (x, y), x, y €R, satisfying
12. If a,b be two fixed positive integers such that
2 _ —ain2 2, 2.
flatx)=b+[5> +1-30* {(0)+ 3b{ ()} + (/@] 4 A+ d=sin”yand 7yt S 3w
for all real x, then f(x) is a periodic function with period (@) 0 (b) 4 )
@ a ) 2a (c) 2 (d) infinite
© b ) 2b 20. The maximum value of x2y, subject to constraints
13. If f: R — R is a function satisfying the property X+y+ ,2x2 +2xy+3y% =k (constant), x,y 20is
f(2x+3)+ f(2x+7) =2, Vx eR, then the period of f(x)
is k2 4k°
(@) 2 (b) 4 (2++/15)> (3++15)°
(¢ 8 @ 12
- s 43 + ik
14. Letf:R— {0, 3] defined by f'(x) = tan™ (x” +x+a), W (d) none of these
then the set of values of @ for which f'is onto is 2F(n)+1
(@ [0,) (b) [1, 2] 21, If F(n+1)=T;n =1,2,....and F (1) = 1 then
1 F(2009) equals
© |3% (d) none of these @) 1005 (b) 2009
(c) 2010 (d) 1006
15.  If f(x)= sin2 x + sin2 (x+£) +cosxcos(x+£) 22. Letf: R— R be aperiodic function such that
3 3
ST +3) = 1+[1=3/(0)+3/()+3(/ () = (/)17
and g(ij =1, then graph of y = g [ (x)] is where T'is a fixed positive number, then period of f(x) is
4 9
(a) acircle (b) a straight line (@ T (b) 21
(c) aparabola (d) none of these (¢) 3T (d) none of these
. L _ 5
16. Function f ( o0,—1]— (0,e”] defined by 23. If f(2x+§’ 2x_§j =xy,then f(m,n)+ f(n,m)=0
_ P 3x42
fx)=e 18 (@) onlywhenm=n (b) only when m #n
(a) many one and onto (b) Many one and into (c) onlywhenm=-—n (d) forallmandn
(c) one one and onto (d) one one and into
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24,

25.

26.

27.

28.

29.

30.

If fx+»)=7/(®)+/(»)-x-1V x,yeRandf(1)=1,
then the number of solutions of f(n)=n,n e N is

(@ 0 (b) 1
(b) 2 (d) more than 2

_11+t2
2t

then the integral value of o for which the equation (x — [£])
(x+ a)— 1 =0 has integral root is

If [x] denotes the integral part of x and & = sin >0,

@ -1 (b) 1

() 2 (d) none of these

If f(x)= Lt {L‘F a + s o +tonterms}
oo | x+1  (x+D)Q2x+1) Qx+DBx+1)

then range of f'(x) is

@ {0,1} (b) {-1,0}

© {-LI} d [L1]

Ifforx > 0, f(x)=(a—x")",

g(x)=x"+px+q;p.q €R

and the equation g (x) — x = 0 has imaginary roots, then
number of real roots of equation g (g (x)) —f(f(x)) =01s
@ 0 (b) 2

© 4 (d) n

Let £(x) = lnG;i

] . The set of values of '¢' for which

f(o) +f(0c2) = f[%] is satisfied are
o —o+l

(@ (—o,—1)u(,©)

© (0,1)

Period of the function f(x)=cos2n{2x}+sin2n{2x} is

(where {.} denotes the fractional part of x)

(b) LD

(d) none of these

@ 1

1

© 3

T
® 5
d =

Let f(x)=x"+x>+100x+7sinx, then the equation

1 2 3
+ +
y=f y-f2 y-r0
(a) no real root
(c) two real roots

=0 in variable y, has

(b) one real root
(d) more than two real roots

31.

32.

33.

34.

3s.

36.

Consider a real valued function f (x) satisfying

2f ()= (f(x))" +(f(»))" Vx,y e Rand /(1) = a where

n
a#1, then (a —1)2 f(i) equals
i=l

(a) an (b) al’l+1

® a"l+a d a™-a

If f(2x+3y,2x—7y)=20x,then f(x,y) can be equal to
(a 7x-3y (b) 7x+3y

() 3x-Ty (d x-y

Letf: R— R and g: R — R be two one-one and onto
functions such that they are the mirror images of each
other about the line y=a.Ifh (x)= f(x)+ g(x), then A
(x)1s

(a) one-one onto (b) one-one into

(c) many-one onto (d) many-one into

Let f(x) be a polynomial of degree 7, an odd positive inte-
ger, and has monotonic behaviour then number of real roots
of the equation

to

(a) at least one (b) exactlyone
(c) atmost one (d) none of these

If f (x) is an even function and satisfies the relation

X fx)-2f [l] = g(x) where g (x) is an odd function, then
X
£(5) equals
2
@ 0 ®) 3
» d f th
(©) 75 (d) none of these

The function f(x) is defined for all real x.

If f(a+b)= f(ab) V aand b and/(—%j:_l’

2
then £(2009) equals
(a) —2009 (b) 2009
1 2009
© - @ -—-
2
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37.  The range of the function 43.  The number of roots of the equation x sinx =1, x € [-2m,
T, 1 T, 1 0)uw (0,2m), is
f(x)=sin [x + 5} + cos [x —5} , where [.] is the (@ 2 (b) 3
st inteser function. 1 © 4 d 0
greatest mfeget tunction, 18 44.  The number of points (x, y), where the curves |y | =/n | x|
(@) {g, n} (b) {o, 7%} and (x—l)2 + y2 —4=0 cut each other, is
@@ 2 (b) 3
© i @ (03] © 1 @ 6
. 45. Let a,p and Y be the roots of f(x) = S +x?—5x-1=0.
38. If [2sinx]+[cosx]= -3, then range of the function Then [a]+[B]+[y], where [.] denotes the greatest integer
f(x)=sinx++/3cosxin[0, 2n] is (where [.] denotes the function, is equal to
greatest integer function) (@ 1 (b) -2
@ [-2,-D (b) (=2,-D ) —4 d -3
1 46.  The value of ‘a’ for which x* — 3x + a = 0 would have two
© (L ) (d) none of these distinct roots in (0, 1) is :
. . @@ 2 (b) -2
39. The number of solutions of tanx—mx=0, m>11in © 4 (d) none of these
(_E’EJ is 47.  The number of solutions of 2 cos x = | sin x|,0 < x < 47 is
22 @ 0 ®) 2
(@ 1 (b) 2 () 4 (d) infinite
(c) 3 (d) m
40. Forn=1,2,3...the value of 48.  The number of solutions of equation 2°%* =|sinx|,
[n-i—l} [n+2} [n+4} [n+8} _ when x €[0,2mr]is
+ + + Feeeeel =
2 4 8 16 (@) 4 (b) 3
(where [.] denotes the greatest integer function) () 0 d) 2
(@ n-1 (b) n 49.  The number of solutions of the equation
© n+2 d) 2n sinmx = | log| x| |is
41. Let be a function defined b
et f(x) be a function defined by (a) infinite ) 8
oo © 6 (d o
fx)= J; {7 =3t+2)dt, 1< x<3. Then the range of 50. If x and y satisfy the equations max
£(x)is (lx+y|, |x=y[)=1and | y |= x— [x], then the number
. of ordered pairs (x, y) is
@@ [0,2] (b) [_Z’ 4} @ 0 (b) 4
(c) 8 (d) infinite
1 51.  The range of the function f'(x)
() R 2 (d) none of these | )
=sin" " (log[x]) + log(sin™ [ x]); (where [.] denotes the
42.  Let f (x) = y[sin2x]—[cos2x] (where [.] denotes the greatest integer function) is
greatest integer function), then range of /'(x) will be @ R ®) [1,2)
0 b) {1 .
@ 1) ® 1y © {mgﬁ} @ {sinl}
(© {01} d {0,1,/2} 2
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52.

53.

54.

55.

56.

57.

If f(x+y)= f(x).f(y) for allreal x,y and f(0) = 0 then the

S

is

1+ {f ()}

(a) even function (b) odd function

(c) oddiff(x)>0 (d) neither even nor odd

If the function f'satisfies the relation

fx+)+ f(x=»)=2f(x)f(») V¥ x,y €R and f(0)#0,

then f(x) is

(a) even function

(c) constant function

function g(x)=

(b) odd function
(d) neither even nor odd

Letg: R — R begivenby g (x) =3 +4x.
If g"(x) = gogo.......0g (x), then g™"(x)=
(where g™ (x) denotes inverse of g”(x))
(@ @"-1)+4"x b)) (x+D4™" -1
() (x+14" -1 (d @ -DHx+4"
Let f:R—{2} > R be a function satisfying

2“29] —100x+80 V x eR—{2},

210 +37

X—
then f(x) =

60(2x +29)

(a) )

16— 40x +
3(2x+29)

(b) —

100x +80 —

30(2x+29)
+ —
x—2
(d) none of these

(c) 40-16x

n
If Zf(x+ka) =(, where a > 0, then the period of f(x) is

k=0
(@ a b)) (n+1)a
(c) (d) f(x)isnon-periodic
n+l

Let4A={1,2,3,4,5}.If 'f" be abijective function from 4 to
A, then the number of such functions for which f(k) #k,

58.

59.

60.

61.

62.

63.

64.

If f(x) = x>+ 3x% + 4x + asinx + bcosx V x €R is a one-one
function then the greatest value of a* + b? is

(@ 1 (b) 2

(© 2 (d) None

If 2 < x> < 3 then the number of positive roots of

1 2
{;} ={x"}, where {x} denotes the fractional part of x, is

@@ O (b) 1
(© 2 (d) 3
If f'(x) is a periodic function having period 7 and g(x) is
periodic having period 11 then the period of

7 f@
D(x)= is

g(x) g@)
@ 77 (b) 231
(c) 385 (d) 1155

Iff(x+1D)+f(x-1)=2f(x) Vx e R andf(0)=0and f(n),
n € Nis

@ nf(1) (b) ()"

(c 0 d) n

Let f(x) and g (x) be bijective functions where

f:{a,b,c,d} — {1,2,3,4}and g: {3,4,5,6} > {w,x,y,z}
respectively. The number of elements in the range set of

g (f(x)) are

(@ 1 (b) 2
(¢) 3 (@) 4
If g : D — R be a function such that g(x) = M

n times
[4(x*+x+ 1) +sin (x)].

(n e N), then the least value of n for which g becomes

onto, is
(@ 1 (b) 2
() 3 (d) 4

it [/ f(:—ij =64x Vx eR—{-1,0,1} then f(x)is

(a) 4{);2(?_9}1/3 (b) 4{)52(:_3}1/3

o () 120 © 4Hi+m @ 4{){:)}
(c) 4 (d) 5°-120
£
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65. If f(x) is a polynomial of degree n such that ' (0) =0, /(1)

1 n
= f() = —— +1)i
2 f(n) —| thenf(n+1)is
n
(a) lifnisodd (b) if n is even
n+2
nel d £ th
(c) P (d) none of these

Itis odd and _"
n+l

,if n is even.

66. The domain of definition of the function

f(x) = \/lnqu) (XZ + 4x+4)

@ [-3,-1]V[1,2]

(b) (-2,-1DU[2, ©)

©) (—o,-3lu (2,-1H)u(2, )
(d) none of these

Jia)

67. Iff:R—>R,g:R— Rbe two given functions, then
[F(x) + g ()| + [ (x) — g (x)| is equal to
(@) 2max {f(x),g(x)} (b) 2Zmax {|f(x)],[g ([}
(©) 2min {f(x),g(x)} (d) 2Zmin {[f(x)], g ()}
68. If f(x)iscontinuous such that|f(x)| < 1 Vx e R and g (x)

S (X) _ ()
=———7 -, thenrange of g (x) is
o) | @) geof g (x)

2
@ [0,1] (b) o,ez“}
| e -1
-1 _l—ez
0, d ,0
© { ez+l:l @ _l-i-e2 :l

69. If the graph of the functions y = /n x and y = ax intersect at
exactly two points, then a must belong to

(b) (l,o]
e

(d) none of these

@ (0,¢)

e
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COMPREHENSION TYPE

This section contains groups of questions. Each group is followed by some multiple choice questions
based on a paragraph. Each question has 4 choices (a), (b), (¢) and (d) for its answer, out of which ONLY

ONE is correct.

PASSAGE-1

A functional equation is an equation, which relates the values
assumed by a function at two or more points, which are
themselves related in a particular manner. For example, we define
an odd function by the relation f(—x) =—f(x) for all x. The definition
can be paraphrased to say that it is a function f(x), which satisfies
the functional relation f(x) + /(y) = 0, whenever x + y = 0. Of course,
this does not identify the function uniquely, sometimes with some
additional information, a function satisfying a given functional
equation can be identified uniquely.

Suppose a funcional equation has a relation between f (x) and

f (l] , then due to the reason that reciprocal of a reciprocal
X

1
gives back the original number, we can substitute — for x. This
X

&

will result into another equation and solving these two, we can
find f (x) uniquely. Similarly, we can solve an equation, which
contains f(x) and f'(— x). Such equations are of repetitive nature.

1. Suppose that for every x # 0, af (x) + bf (l} = 175,
x x

2
where a # b, then the value of the integral I f(x)dx is
1

2a fn2—-10a+7b b

a) b) —

( 2a* - b?) ® 242
7a+10b—-2a fn 2

(c) (d) none of these

2(a* - b)

MARK YOUR
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2. If for every x € R, the function f'(x) satisfies the relation
af(x)+bf(—x)=g (x), then
(@) f(x)canbeuniquely determined if ag (x) —bg (—x) =0
anda=+b
(b) f(x) can have inifinitely many values if ag (x) —
bg(—x)=0anda=+b
(¢) f(x)cannotbe determined ifa#+b
(d) all of the above
3. The function f (x) is an even function and satisfies

2 f(x) - 2f [l] = g (x), where g (x) is an odd function.
x

Then the value of £(5) is
(@ -2 (b) 4
© 0 (d) depends on g (x)
4. Suppose f (z) is a possibly complex valued function of a

complex number z, which satisfies a functional equation of
the form af (z) + bf (W?z) = g (z) for allz e C, where aa and
b are some fixed complex numbers and g (z) is some function
of z and w is cube root of unity (w # /), then f(z) can be

determined uniquely if

@ at+tb=0 b) a?+b*%0

(c) @+b3%0 d P2+b=0
PASSAGE-2

Let f(x) and g (x) are two distinct continuous functions such that
f(x) is an odd function and g (x) is an even function v x € R and
f'(x)>g' (x) v x e R.Letafunction 4 (x) =f(x) + g (x) isan odd
function and ¢ (x) =f(g(x)) + g (f (x)).
5. Function g (x) is

(a) atrigonometrical function

(b) apolynomial function

(c) an absolute value function

(d) a constant function
6. The number of solutions of f'(x) = g (x) is

@ 1 (b) 2
© 0 (d 3
7. The number of solutions of ¢ (x) =% (x) is
@@ 2 (b) 1
© O (d 3
PASSAGE-3

Let f(x) be a real valued function satisfying the functional equation
fx)+f(1—x)=kforallx € Q,where k is a contant quantity. Let

r
m be a positive integer. Put x = in the given equation, we
m

+1

+1

8. Iff(x)= , where x €0, then
4% +2
1 ) ( 2 ) (2008)
— |+ f| =+t | —
! (2009 009 3000/ cavals to
(@) 1004 (b) 2008
(c) 2009 (d) none of these

x-3
9. Iff(x) = 13— forallx e Q, then the value of the sum
37437

(DA A2)

(@ 1 (b) 27
(0 4 (d) 55
0. If 450 then S [r] is equal
. = a>0), r
/() o ida en rz_12f S isequalto
@ 1 (b) 2n
© 2n-1 ) @
PASSAGE-4

Let x € R be any real number such that x lies between any two
consecutive integers say n — 1 and n, i.e., n—1< x < nthen we
can always find this unique integer .

Let us call this n as super integral value of x.

We denote it symbolically as (x).

For example : if x =2.63, then (x) =3, if x =—2.63, then (x) =2

#
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11.  The range of function y = (—;C) if x €(-,0),is
3 1
@) (—,0] (b) [_1’ 0] Let y =f(x) is a parabola whose vertex is at (5, *Z) , the length

(©) [0,1] (d) [71,1] of latus rectum is 1 and axis is parallel to positive direction of y-
12. If-2<x<-1,-1<y<0,0<z<1 then the value of the aXis
Let x)=f(x]), h (x)=|g (x
©+1 ) () @)=/, 1 (x) =g ()|

determinant | (x) ()41 () | is 14.  The number of real roots of equation g (x) =0 is

® 0 @+ @ 2 ®) 3
@ 0 ®) 1 © 4 @ o
() 2 @ -1 15. Ifg(x)+a=0 has exactly two roots, then a belongs to
13. Iff(x) = cos ( m*) x + cos (—n? ) x then the value of @ (0,2) ) (~w,-2)
f(ﬁ) v f(ﬁj Ny © (2 @ 1.2)
4 2 16.  The number of solutions of 4’ (x) =0 is
1 1 (a) one (b) two
= b 14—
@ V2 ®) 1+ V2 (c) three (d) four
© 1-— @ -1+-L
V2 2

MARK YOUR I1L.EOOO | 2.00OQ@ | 13.@EOG | 14@®O@ | 15. @OOW
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REASONING TYPE

In the following questions two Statements (1 and 2) are provided. Each question has 4 choices (a), (b), (c) and
(d) forits answer, out of which ONLY ONEis correct. Mark your responses from the following options:
(a)  BothStatement-1and Statement-2 are true and Statement-2is the correct explanation of Statement-1.
(b)  BothStatement-1and Statement-2 are true and Statement-2is not the correct explanation of Statement-1.
(c)  Statement-1istrue butStatement-2is false.
(d)  Statement-1isfalsebutStatement-2is true.

L. Statement-1  : Theperiod of /(x) =sin2xcos[2x] —cos 4,  Statement-1 : f: R — R is a function defined by

1
; o 2x+1 3x-1
2x sin [2x] 1S 5 )= T Then f~'(x) =
) ::::zzzz:j E}e(}; )e STS i)fl)‘:‘[;c]_l; ‘l +] x— 3| where Statement-2  : f(x) is not a bijection.
) ) i T ] 5. Statement-1 : If fis even function, g is odd function
2 < x <3 is an identity function.
/
Statement-2 : f:A4——> A defined by then g, (g#0) is an odd function

J@)=xV x e 4 isanidentity function. Statement-2  : If f(—x)=—f(x) for every x of its domain,

3. Statement-1 : f:R — R defined by f(x) =sinx is a then f'(x) is called an odd function and if
bijection. f(=x)=f(x) for every x of its domain, then
Statement-2  : If f'is both one-one and onto then it is f(x) is called an even function.
bijection.

#9
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6. Statement-1 : /14— Bandg:B— Caretwo functions -, Statement-1 : Let A={x/-1<x<1}, then
then (gof)™' =fog™!
Statement-2 : f: 4— B and g : B— C are bijections f:4— 4 isdefined by f(x)=sinmr,
then f~1, ¢! are also bijections. Vx e 4 is onto but not one — one
Statement-2  : Ifrange set is equal to the codomain set
then the function is onto.

#
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MULTIPLE CORRECT CHOICE TYPE
Each of these questions has 4 choices (a), (b), (c) and (d) for its answer, out of which ONE OR MORE is/are correct.

2 —x
1. Letf: {—Eag}—ﬂO, 4] be a function defined as 5, Let/(x) =% then

3 1+[x]°

f(x) = \/5 sin x — cos.x +2. then f71 (x) is given by (a) Domain of definition of f(x) isR—[-1,0)

1
_ _ (b) Range of definition of /(x) is (——, 1}
(@) sin”’ [x 5 2] —c () s’ (—x 2] e e
(¢) f(x) is one-one in its deomain
o (x-2 (d) f(x) is discontinuous at infinitely many points
(© 5 —eos [ 2 ] (d) none of these 6. A function f:R—> Ris defined by
2
2. LetR:{(x V)ix,y R X2 +y2< 25} and St y) =l =()+2y" ¥ xyeRand
’ ’ ’ f()=2; £(2) =8, where k is some contant, then
\ : 42 (1)
R= (x,y).x,yeR,y_gx then f(x+y).fk Jisequalto (where x+y #0)
X+ y
(@) dom RNR'=[-3,3] (@ 1 (b) 4
(b) Range RAR'>[0,4] © & @ AD
() Range RNR'=[0,5] 7. If the range of the function y = x;z does not contain
—-x"+1
(d) RN R defines a function s
3. Letf(x)=max {1 +sinx, 1, 1 —cosx}, x €[0, 2r] and any values belonging to the interval {—1,—%} then the
g(x)=max {l,|x—1|} x eR ,then )
@ 2 (0)=1 ) g(f(1)=1 integral value (s) of a can be
= -1
© flg)-1 @ f(gO)=I+sinl N o
4 Letd” }E? Egposflwgzm)efr W“}l‘f (m=1 1' 213! +ht+h”l Iff(x)= 1 +2and flg (¥)] = 1 +22— 26 +x%, g (2)=2, then
an x) an x) be polynomials in x suc a
POy @ g(0)=0 (b) g(2)=2
S(n+2)=P(n) f(n+1)+Q(n) f(n) forall n>1,then © gx=x (d) g (x)is one-one
(@ P(x)=x+3 (b) Ox)=-x-2 9. Let f: D — R be defined by f'(x) = In (In (In (In x))) then
() P(x)=—x-2 (d Ox)=x+3 (a) f(x)isinto (b) f(x)is one-one
(¢) f(x)isonto (d) D=(e )
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10. Letf : X— Ybe defined =4/ x|—{x}, wh . —1].
et/ : X = Y'be defined asf (x) | =tx}, where {s} 12.  The function f(x):—|x 1] 18

denotes the functional part of x, then 2
@ X= [_oo’ _l} U [0’ oo) (a) one-onein (2, w)
2 (b) one-onein (0, 1)
1 (c) one-onein (—o0,0)
(®) Y= _900) .
2 (d) one-onein(1,2)

(¢) f(x)isnotone-one 5 )
13.  The value(s) of a, for which " x s T1X=0, @ _,

. € value(s) ot a, 10r whic —_—=

@ reld= S +x2-10x+8 30

1. mis the FUNDAMENTAL period of does not have real solution is /are

@ —rsnx (b) |[sinx| + [cos x] (@ 10 (b) 12
cos x(1+ cosecx) © 5 d -30
(c) sin2x + cos2x (d) cos (sinx) + cos (cosx)

&
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MATRIX-MATCH TYPE
Each question contains statements given in two columns, which have to be matched. The PqQr s t

statements in Column-I are labeled A, B, C and D, while the statements in Column-II are

labelled p, q, r, s and t. Any given statement in Column -1 can have correct matching with ONE ®@® @ @
OR MORE statement(s) in Column-II. The appropriate bubbles corresponding to the @@@ @ @
answers to these questions have to be darkened asillustrated in the following example: @@@ @ @
If the correct matches are A—p, s and t; B—q and r; C—p and q; and D-s and t; then the correct @ @ @ @ @
darkening of bubbles will look like the given.

o ow»

1.  Observe the following columns :
Column-I Column-II
(A) Domain of sin”! (5x) p. 1

(B) Range of \/1_25,2 g [0,1]

© If f(x)= x—+i ,x# 1 then (fo f) (x) can assume value(s)
Y

=

|
lJllb—l
W | —
L 1

(D) Period of x —[x] is

»
—
=
W | —
[

1 P qQr s

: @O0
FANNA = (0000
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Observe the following lists :
Column-I

(A) Range of sin x — cos x

-3n =n
R f———— = =
(B) Rangeo 2—cos3x [ 2 2}
(C) Range of tan! x — cotlx [— V2, \/E]
D R fsinxcos3x. 1 |
ange of ———— -,
g sin3x cosx 3
-3n n
2 72
Observe the following columns :
Column-I Column-II
(A) The integral value of x € (—r, m) satisfying the equation 0
‘xz —1+cos x‘ = ‘xz - 1‘ + |cos x| can be
(B) The number of solutions of [x]?=x + 2 {x} is equal to 1
(C) Iff(x)=sin"'x + cos'x + tan"'x, then [f(x)] can be equal to 2
(D) Anallowable value of f{x) = ,/In(cos(sin x)) can be 4
-1
([.] and {.} represent integral and fractional parts respectively)
Observe the following columns :
Column-I Column-II
(A) Letfi R — R satisfiesf(x+y)+f(x—»)=2f(x)f(y) V Even
x,y € Rand f(0) # 0, then f'(x) is
M e
(B) Letf:R— Risdefinedbyf(x)=————,thenf(x)is Odd
e +e
(©) Letf: R —»> R be apolynomial function satisfying Into
1 1 .
fX)f|—] =fx)+f|—]| andf(3)=28 then f(x)1is
X X
(D) Letf: R — R isdefined by f(x) = 2x + sinx, then f(x) is Many-one
Bijective
2. P adar s t 3. P qr 4. P aqr
I (00000 NCoEle \Clole
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ClOOOO® ClOOO®O® ClOOOO®
DIOOOO® D|IOOOO® DIOOOO®




5.  Match the following columns :

Column-I Column-IT
5
(A) Domainof f(x)=log, {(ax*+(a+b) x>+ (b+c)x+c} p. [_LZ}
ifb?>—4ac<0,a>0
1
(B) Domain of f(x)=Intan™! {(x*—6x?+ 11x—6)x (e*— 1)} qQ R{g,l}
_ x> —3x+2
(©) Rangeoff(x) =—F——— L (-l,0)
X“+x-6
.2 X X
(D) Renged’ f'(x) =sin” - +cos— 5. (1L2)UB,0)
6.  Match the Column- 1 with Column- 11

Column-I Column-IT
(A) Range of the function f(x) p. 2

=sin! (x2+ 1)+ cos! (x2+ 1)+ [1 +x2]'*, where [+]

is the greatest integer function, contains

1

B) Period of the function f(x) = cotg[x] 0

is where [] is the greatest integer function

2t cos2x+1 sec2+2tanx)
© Iff[ an;c ]:( )( L T
1+tan” x 2 2
then f(4) is equal to
T

(D) Let/:R— 75,0 given by /(x) 5. m

=tan"! (2a — 2x — x?) is onto then « is equal to

&

5. P q9Qr s t 6. P adar s t

N (00000 AOOOO
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NUMERIC/INTEGER ANSWER TYPE

The answer to each of the questions is either numeric (eg. 304, 40, 3010 etc.) or a single-digit
integer, ranging from 0 to 9.

The appropriate bubbles below the respective question numbers in the response grid have to
be darkened.

For example, if the correct answers to a question is 6092, then the correct darkening of bubbles
will looklike the given.

Forsingle digitinteger answer darken the extreme right bubble only.
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If the function f(x) = *~1 does not take any value in 4 Let f[H)’] _ SO+ V x,yeR
c—x"+1 2 2 ’
the internal {—1, —l} , then the largest integral value that ¢ Iff" (0) exists and equals — 1 and f(0) = 1, then the value of
3 f(=1)isequal to
can attain is equal to |
The number of solutions of the equation S. Letf:[0,1]— [0, 1]defined by f(x) =%,for0 <x<land
[sin~! x]= x - [x], where [.] denotes the greatest integer letg: [0, 1] [0, 1] defined by g (x) =4x (1 —x),0<x < 1. If
function is range of fog (x) is [a, B], then ot + B =
The largest integral value of n, such that the function ¢ Iff(x)f(y)+2=F(x)+f()+f() ¥ X,y € R
f(x) = cos(nx) sin [S_xj has period 3, is equal to andf(1)=/" (1) =2, then f(2) is equal to
n
1. QIOO|® 2. O®OO3. |OOO® 4. OO 5 OOO® 6. OOOWO
DIODID DIOIDID 0)[0)(0][0) [0][0)(0)(©] 0][0)(0)(©] OIOIDID
e][e]e]e)] e][e]e]e)] e][e][e]e] @][6)[©)©] @][6)[©)©] e][e]e]e)]
Mark [©)(e](e](©) PIOIBI® ©)[6]6)(©] ©)[6]6](©] ©)[6]6](©] [©)(e](e](©)
YOur [0][0)[0)(©)] [0][0)[0)(©) [©)[0)0)(C)] ©)[0)0)(C)] [0][0)0)(C)] [0][0)[0)(©)
M C000 QORI [OO00 OO0 PRRR QIR
OOO® |OOOE OO O|O|O|®] O|O|O|®] ©O|O|®)]
0][0)0)(©] 0]0)0](©] 0]([0]0](@] 0][0]0](@] 0](0]0](@] 0](0)(0](©]
BOI®I® BOI®I® ®OIB®I® ®OIB®I® BB®IB®I® AI®B®I®
QOIOI® QOIOI® ©)[0))(©] OlOIOI® OlOIOI® ©][0]0](©)]




SINGLE CORRECT CHOICE TYPE

1 (b) 11 (c) 21 (a) 31 (d) 41 (c) 51 (c) 61 (a)
2 (d) 12 (b) 22 (b) 32 (b) 42 (c) 52 (a) 62 (b)
3 (d) 13 (c) 23 (d) 33 (d) 43 (c) 53 (a) 63 (c)
4 (b) 14 (d) 24 (b) 34 (b) 44 (b) 54 (b) 64 (a)
5 (d) 15 (b) 25 (a) 35 (a) 45 (d) 55 (a) 65 (a)
6 (c) 16 (d) 26 (a) 36 (c) 46 (d) 56 (b) 66 (c)
7 (c) 17 (c) 27 (a) 37 (c) 47 (c) 57 (c) 67 (b)
8 (b) 18 (a) 28 (b) 38 (b) 48 (a) 58 (a) 68 (d)
9 (b) 19 (©) 29 (c) 39 (c) 49 (c) 59 (b) 69 (c)
10 (a) 20 (b) 30 (c) 40 (b) 50 (d) 60 (d)
COMPREHENSION TYPE
1 (a) 5 (d) 9 (a) 13 (d)
2 (b) 6 (a) 10 (c) 14 ()
3 (c) 7 (b) 11 (c) 15 (b)
4 (c) 8 (a) 12 (b) 16 (b)
REASONING TYPE
1 (a) 3 (d) 5 (a) 7 (a)
2 (a) 4 () 6 (d)
IEIE MULTIPLE CORRECT CHOICE TYPE
1 (b,c) 6 (b, ¢) 11 (a,c)
2 (a,b, ) 7 (a,b, ) 12 |(a,b,c,d)
3 (a,b, d) 8 (a, b) 13 (b,c,d)
4 (a, b) 9 (b, ¢, d)
5 (a, d) 10 | (a,c,d)
IEIE MATRIX-MATCH TYPE
1. A-r; B-q; C-1,8; D-p 4. A-p,1,s;B-rs; C-t; D-q,t
2. A-r; B-s; C-t; D-p 5. A-r, B-s;C-q; D-p
3.  A-q,t; B-s; C-p,q,r; D-p 6. A-r;B-p;C-t;D-q
IEIE NUMERIC/INTEGER ANSWER TYPE
I [ o 2 | 1 (3] 15 [4f 2 5| [ 6 |




SEIl/I tignsy
SINGLE CORRECT CHOICE TYPE

1. () By remainder theorem, P (a) = a, P (b) = b and S f -/ 1
P (c) = c. Let the required { > —1and < —}
remainder be R (x), then 2 2 2
P(x)=(x—a)(x—b)(x—c) O (x) + R (x), where R (x) is So, all possible values of x are given by 0 <x < 1
apolynomial of degree at most 2. We get R(a) =a, R (b) . Domain of /=10, 1)
=b and R (c) = c. So, the equation R (x) —x =0 has three
roots a, b and c. But its degree is at most 2, So, R (x) — (+sinmx) —1

x must be zero polynomial (or identity). Hence, R (x) = 5. @ fv= }irg (1+sinmx)’ +1

X
2. (d /(x)=2min {f(x)—g(x),0}
{O,if f(x)>g(x) - 1
2{f(0)—g(x), if f(x)<g(x)} (1+ sin x)’ s 0
1
{f(X)—g(X)— | f(x)=g(x) ], if f(x) < g(x) B 1+(1+sinnxj
S(X)=g(x)=| f(x)-g) |, if f(x)>gx) N 0-1 .
m sintx <0
Lh(x)= f(x)-g(x)-] f(x)-g(x)] -1
3. @ f()=+B3[x|-x-2 andg(x)=sinx 141 sinmr=0

for fog (x)= \/3 | sinx | —sinx — 2 which is defined if

3 sinx |—sinx—2 >0 1, sinmx>0

Ifsinx>0then2sinx—2 >0 = sinx > 1 =3-1, sinmx<0
0, sinmtx=0
. T
= sinx=1=x= 2nn +3
Rangef={-1,0,1}
Ifsinx<0Othen—4sinx—2>0

S ()
=-1<sinx < f% = xe [2nn+7?n, 2nn+%} 6. (0 f(0= ZKIJF[SIH(?H)
k=1

T 11w T
xe[2nn+?, 2nn+?} U{Zmn+5},n,m el —n+{sin£}+[sing}+ _____ + [sin x] (i)
n
4. () Forf(x)tobedefined, -1<x+[x]<1 (1)

b
CaseI: Wh —
When x e/, Let x =k, then from (i), —1< 2k <1 ase en x# 2

1 1
- - k= =0. kx kx m kx
= 23]{32 = 0 =x=0 Since 0 <—< nand7¢5 0<sin(7]<l,for

n
When x ¢ 1, letx =k + f, where £ is the integral part k=1.2. .n
of xand 0 <f<I.
From(i), -1<2k+ f <1 [sin(ﬁn—o, fork=123,...n
n
> ekl k=05 0<xc . From i),/ () =n



©

b)

)

10. (a)

Case Il : When x = g

In th1s case sin x = 1 and others lie between 0 and 1.
From (i), f(x) =n+1.
Hence range of f= {n,n+ 1}.

Letf(x)=y = (x+1)-1=y = x=—1+1+y
[-x>-1]

v )= 14414 x

Now,f()= f'(x) = (x+1)?-1=-1+/1+x

= (x+t1)y'=@x+1)

= (x+D[(x+1)>-1]1=0=>x=-lor x+1= )3
=x=-1or0[- x
~ {x} €(0,1) as f(x)is defined if sin {x} = 0

1
,oo] |:Sin{x}:|e {1,2,3......... }

1< = sinl<sin™ = 0.866 = —— >1.155
3 3 sinl

>—1= x eR]

o1 [ 1
T €l =

sin{x} \sinl
Note that

sz(x)—l-F(l—x) =2x—x*
Replacing x by 1 —x, gives

A-x)?F1-x)+F(x)=2(1-x)—(1-x)* .. (2)

Multiplying (1) by (1— x)* and subtracting (2) from it
gives

[ (1-0% =1 F(»)
—2x(l-x)? - (1—x2 2= +(1-0)°
= [x(0-x)-1][x(1-x)+1]F (x)
=20-x) [x(1-0)-1]- (-2 [x* ~(1-0)°]
Slo1-x?[x+1-22] F(o)
=2(1-x)[x-1-22] —(1- (2 =14+ x) (32 +1-x)
= (r41-22)F(x) =(1-0[240-0 (1 x-1)]
(-0 [2+2x-x3 1]
—(1-0[2042) -G+ D (2 - x+1)]
= (1-22) 14 x-x%]

.'.F(x)zl—x2

I e B

11.

12.

13.

14.

©

)

@

Replace x by % we get

2f[§—] e 1)=—:»2f( s D=
Eliminate f( - ] from (1) and (2), we get
fx=1)== (2x+1] Replace x— 1 by x,

f(x)= [2(1+x)+L}
1+x

y=2x]+3=3[x-2]
= 2[x]+3=3[x]-6=
s oy=2[x]+3=21

© [x+y]=[x+21]=[x]+21=9+21=30

[x]=9

fla+x)=b+[1+b> =36 f(x)

3L {13

=b+[l+{b—f0) ]2
= fla+x)=b=[1-{f(x)-b?1">

= d(a+)]=[1-{0(x)} 1 (D)
where ¢ (x)=f(x)-b
= ¢ Qa+x)=[I-G+a)}’ 1 =0 @)
[from (1)]
= f(x+2a)-b=f(x)-b= f(x+2a)= f(x)
.. f(x)is periodic with period 2a.
FQx+3)+ fQRx+T)=2

Replacexbyx—+1, f(2x+5)+f(2x+9)=2 .....(2)
Nowreplace xbyx+2, f(2x+7)+f(2x+11)=2.....(3)
From(1)—(3)we get f(2x+3)—f(2x+11)=0

= fx+3)=f2x+11) = f(x)=f(x+8)

[Replacing x by XT_S}

Since codomain = [0, g]

... for fto be onto, range = |:O, g]

This is possible only when x> +x+a=0

" 12—4aS0:a2% .+ for a>%, range will not

be entire {O,EJ ; Soa =l
2 4



2
15. b f(x)= sin? x+[§cosx +%sinx}

16.

17.

@

©

1 3.
+cosx| —cosx———sinx

.2 3 5 1., 3 .
=sin“ x+=co0s” x+—sin“ x +——cosxsinx
4 4 2
I 5 3 .
+—cos” x ———cosxsinx
2 2
5 . 5
= —(s1n2 x+cos? X)=—
4 4

5
Now,y=g(f(x))=g (Zj =1
Clearly y =1 is a straight line.

f(.x) — ex373x+2
Let
g(x)=x> =3x+2; g'(x)=3x*-3=3(x>-1)

g'(x) 20 for x € (—o0,—1]
. g (x) is increasing function .". f°
(x) is one-one

lim f(x)< f(x)<f(-D=0< f(x)<e?

X—>—00
. 4
So the range of f'(x) is (0, e }

But codomain is (0, e ] - f(x) is into function.

Putting x + 2 for x in relation (i) we get

FOAD+ f(x+3) =31 (x+2) ... (i)
from (i) and (ii) we get

fx=-D+2f(x+D)+ f(x+3)
=V3(f () + f(x+2))

= P33 £ (x+1)) (From (i)
=3f(x+1)
= fx-D+fx+3)=f(x+1) ... (ii1)
Putting x + 2 for x in relation (iii) we get;
Fa+D+ f(x+5) = f(x+3) cc(iv)
Adding (iii) and (iv) results inf(x — 1) =—f(x +5)
Now putx + 1 forx, f(x) =—f(x + 6)......(V)
Put x + 6 in place of x in (v) we get
Sx+6)=-f(x+12)
o from (v) again f(x) =—[f(x +12)] =f(x+ 12)
. Period of () is 12.

18. (@ -- (x—y)2 > 0= x? +y2 >2xy

19.

20.

(©)

b)

=202+ %) 2 (x+y)?

:>()c+y)2 <2 :>—\/§Sx+y£\/§
Alternatively,

Let x=cosa and y=sina [ x2+y2 =1]
Now, x+ y=coso +sino =+/2sin oc+%)
:>—x/§$x+y§x/§

4x2—4x+2=sin2y and

412 <3 = @x-1)*+1=sin’y
and x2+y2S3

= 2x-1=0 and sinzyzl and x2+y2S3

1 .2 2 1
= x=—, =1 and <3-——
x 2 sin” y y 1

1 T
= x:—’y:nﬂ;i‘E and

2
——\/ﬁéys—\/ﬁ:x:l,y:iﬁ.
2 2 2
. . I = 1 =«
Solution pairs are | —,— | and | —,——=
2°2 22

1/3
) X X xzy
UsingA.M 2 GM.x+y= E+E+y23 7

Equality holds if and only if % =y = x=2y. Also.
2x% + 2xy+3 y2

2x% 2 2
= L+—xy+....+%+y2+y2+y2

x 8 4

8 terms

1
8 4 15 2
2x2 2xy 2.3 Xy
215 — | | — =15 —
{8](4]0/) 4

2
Equality holds if and only if 2% = % = y2

4 terms

2
3

or x=2y. Thus
D) 1/3
k=x+y+(2)c2 +2xy+y2)1/2 Z(3+JE)(%]

A
(B +15)°

. Maximum value of x° y=



2l. @ F(n+1)=%: F(n+1)—F(n):%

22.

23.

24.

25.

b)

@

b)

@

Putn=1,23,......,2008 and add,
1
F(2009)— F(1) = 2008 x 3 = F(2009)=1005

[~ F1)=1]
Given:

3 1/3

f(T+x)=1+[{1—f(x)} ] =1+(1- f(x))
= f(T+x)+f(x)=2 ... (1)

= fRT+x)+f(T+x)=2 ... 2)

Q) -O=f@T+x)-f(x)=0= f2T +x) = f(x)
Also T is positive and least therefore period of
J)=2T

Let 2x+§:a and ZX—Z:B,then x:aTJFB

andy=4 (a—P)
Given, f(2x+%,2 —%szy

= f(a.p)=a’-p?

= f(m,n)+ f(n,m)=m*—n
for all m, n
Givenf(x+y)=f(x)+f()—xy—1V x,yeR
JH=1

J@O=/A+DH=fD+f(1)-1-1=0
fBR=/f2+DH=fQ)+f(1H)-2.1-1==-2

S+t D=f)+f()—n-1=f(n)—n<f(n)
Thus f(1)>f(2)>f(3)>......

and f(1)=1 . f(1)=1andf(n)<1,forn>1
Hence f(n) = n, n € N has only one solution n =1

240t -m? =0

11+12

For sin™ to be defined I+

<1

= 1+ <2|t] = (1-|t)> <0

= (-[t)*=0= =4I

2
.11+t
c.o k=sin !

>0:>k:sin*11=§

o k)= [g} =1. The given equation then becomes (x

—1) (x—a)=1. For integral values of o and x, we

have

eitherx—1=1landx+ a =1 = x=2and o =—1
orx—1l=-landx+ a=-1= x=0and a =—1
Thus, a =—1.

1 1 1 1 1
26. (a) S, =|1- + - + -
1+x 1+x 1+2x 1+2x 1+3x

27.

@

1 Lyl
l+(n—Dx 1+nx 1+nx

o if x>0

But Lt nx=<{-0 if x<0

e 0 ifx=0
f( o Lt S = lwhenx# 0
S s ™ |0Owhenx=0

~. Range of f = {0’ 1}
f(x)=(a—x”)1_”,x>0
= f(f(x))=[a—{(a_xn)1/n}n]l/n —x

Also g (x) = x2 +px+q

-+ g (x) —x =0 is quadratic equation
x? +(p-Dx+¢g=0

Given that this equation has imaginary roots
L Xt +(p—Dx+¢ >0 forall real x

[ coefficient of x*=1>0]

S g(x)—x>0 forall real x

= ¢(@gx)-g®W>0V xeR

Now g (g () —/(f(x) =g (g(x)—x=
[g(gx))-g ()] +[gx)—x]>0V xeRr

.. The equation g (g (x))—f(f(x))=0
has no real root.

2 2
28. M) flo)+f(0)=In (1__‘*) Ll | I N Gl
l+a )| 1+a? 1+a?

o

f( o j:ln o’ —o+1 =In (l—Ol,)
o —a+l I 1+a?
a—a+l1

f(oc)+f(oc2) = f[%j for all values of o
o’ —a+l

for which the functions are defined, therefore

>0=>-1<axl

(1)

I-a
1+a
2

1207 0=i—a?>0=-l<a<l... )

(ii)
I+a
From (1) and (2), wehave—1< a <1

. The set of values of o =(-1, 1).

2



29. (¢)

30. (¢)

f(x)=cos2m{2x}+sin2m{2x}

=c0s2m(2x —[2x]) +sin 2w(2x —[2x])

=cos4nxcos2n[2x]+sin4mxsin 27[2x]
+sin4mcos22n[2x]—cos4mxsin 21[2x]

Here cos 2n[2x]=1,sin2x[2x]=0
. . 1
f(x) = cos4nx +sin 4mx. Hence period of f(x) = 5

£(x)=x>+x%+100x + 7sin x

5 () =3x% +2x+100+7cosx >0 V xeR

. f(x) is increasing function = f(1) <f(2) <f(3)

Let a=f(1),B=f(2),y=f(3),then a <B<7y....(1)
2 3

. o1
Now, the given equation is + +
y-o y-B y-vy

=0

= -BO-N+20-a)(y-1+3(y-a)(y-P)=0

Let

gM=0-PO-N+20r-)(y-+3(-a)(y—P)

Then

and g(v)=3(y-a)(y-B)>0

g(o)=(a—=P)(a-v)>0,g(B)=2(B-)(B-v) <0
[From (1)]

So, the given equation (2), i.e., g (y) = 0 has one real root

31. @
32. ()
33. @
34. ()

between o and B and other between B and 7 .
Putting y = 1 in the given relation.

2f@)=f@+HOF = f)=(f1) =a"

n_ a(a" -1)

i=l a-1

n
o@D f=d""-a

i—l
Notice that, 7 (2x +3y)+3 (2x—7y)=20x
S f2x+3y,2x=Ty)=20x = f(x,y)=Tx+3y
Since f(x) and g (x) are mirror images of each other
about the line y = a, f (x) and g (x) are at equal
distances from the line y = a. Let for some particular x;

f(xg)=a+k,then g (x5) =a—k,then
h(xg) = f(x0) +g(xp) = 2a

. h(x) =2a V x € R. So, h(x) must be a constant
function, which is many -one into.

Since f (x) is monotonic so fi(x) >0 or <0V xeR.

Then (%]f(rx)zrf'(rx) also > 0 or < 0 for all

36.

37.

©

(©)

x € R and for positive integers ». Therefore, f(x)and

f(rx) have the same monotonic behaviour. Since 7 is
odd, so
)+ f(2x)........ + f(nx) is apolynomial of odd

order and monotonic so attains all real values only
once.

Hence the equation
1
@ has exactly one

L)+ f(2X)ernt f(nx) =
solution.

1
x

xzf(x)—zf( j=g<x)
[3or=22(]
and 2f| — |—-4x" f(x)=2x"g| —
X X
o =3 f(x) = g(x) +2x2 g( 1]

X

g<x>+2x2g[1j
L f()=— —2x

3x

-+ g (x) and x? are odd and even function respectively.
So, f(x) is an odd function. But f(x) is given even.

s flx)=0V x.Hence, f(5)=0

Letf(0)=k. Leta=0

We get f(b) = f(0) =k and again b = 0 gives
f@)=k= f(a)=f(b)=kVa,

b= f(x) is a constant function.

1

1l 2 1 1l 2 1

xX)=sin_ | X~ +—|+cos | x" ——

s | 3o 23|

= sin”! [xz +l}+cos1 {xz +%—1}

=sin”! {xz +l}+ cos ! [xz +l} -1
2 2

Since x2+lzl, x2+l =(Qorlas
2 2

[\

2

. 1
sin”! [xz +E} is defined only for these two values.

1
Hence [xz +5} =0



38.

39.

b)

(©)

= f(x)=sin"'0+cos (-]) =7 [xz +%} =1

= f(x)=sin ! (D+cos T 0=1.
Therefore range of f(x) = {r}
[2sinx]+[cosx]=—3 onlyif [2sinx]=-2
and [cosx]=-1

-2<2sinx< -1 and —1<cosx<0
. 1
= —1Ssmx<—5 and

—1£cosx<0:>ﬁ<x<ﬁ and £<x<3—7t
6 6 2 2

. i 3n
Common values of x are given by o <x< B

For these value of x, sinx +«/§ cosx = 2sin (g + xj

lies between — 2 and —1
. Range of f(x) is (-2,—-1).

In (—%,OJ the graph of y =tanx lies below the line

y =x which is the tangent at x = 0 and in (0, E) it
2
lies above the line y = x.

For m > 1, the line y = mx lies below y=x in (-%,0)

and
}: y=tanx y-mx
y=x
i: 0 'l>x
24 2

above y =xin (0,%} . As| tan x | mono-tonically

increases form O atx =0to oo for | x |= g , the

graphs of y =tan x and y = mx, m > 1, meet three

40.

41.

42.

43.

b)

©

©

©

E

)+

n= [nTH}r[g}r[n +2} (using (1) again and

points including x =0 in (—g gj independent of
m.

We have n =[

[N

4

again)

n+1 n+2 n+4
= + + +
2 4 8
Fl(x)=x(x> =3x+2)= x(x—1)(x—2). The sign
scheme for f'(x) is as shown in figure.

s f()<0inl1<x<2and f(x)=0and 2<x<3

. f(x)is decreasing in [1, 2] and increasing in [2, 3]

2
min f(x)= f(2) = j (2 = 3x+ 2)dx

max. f(x) = the greatest among [ (1), /(3)]

—/:\. - o+

~ I~—"

1
f)= j x(x? =3x+2)dx =0
1

3
f3)= j x(x? =3x+2)dx =2
1

1
max f(x)=2, so the range = {—2,2}

We should have [sin2x]>[cos2x] = we can have
[sin2x]=1,[cos2x]=1,0—-1

[sin2x] =0, [cos2x]=0,—1

[sin2x]= -1, [cos2x]=—1

but [sin2x]=1, [cos2x]=1 and

[sin2x]=1, [cos2x]=—1are not possible

Sorange= {0, 1}
xsinx=1 .. (1

. 1
= y:smx:;



44.

45.

46.

b)

@

@

— 21

y=1/x

a
~
N
a
S
a

Root of equation (1) will be given by the point (s) of

. . . 1
intersection of the graphs y =sinx and y =—.
x

By graph, it is clear that, we get four roots.
(x —1)2 + y2 —4 =0 iscircle of radius 2 and
centre (1, 0)

For, |y|=In|x|,In|x| >0 = |x|2>1

= x<-1 or x2>1

Graph of the curves are drawn, we notice that there are
three points of intersection.

y
\

/K“ k

SO =-LfM)=-4/112)=1,
SED=47(=2)=5 f(-3)=—4
So graph of /(x) is as shown in the figure

—3/—2 -1 v 2

Clearly [a]+[[3]+[y] =-3-1+1=-3

Let f(x):x3 -3x+a

fi(x)=3x?-3=0 = x==I

S'(x)=6x

f"(x)>0 atx=1and f"(x)<0 atx=-1

Thus x = 1 is point of minima and x = — 1 is point of
maxima.

Hence either one root lies in [-1, 1] or no root lies in[—
1, 1]. So no such value exist for which the given
condition is possible.

47. (¢) See the graph of y=2cosx and y=|sinx|. Their

points of intersection represent the solution of the
given equation.

y

A

2
T\ T 3n 2n 51\ 3n  /Im4n
2 2 2 2

We find that the graphs intersect at 4 points. Hence the
equation has 4 solutions.

y=2cosx
y = [sin x|

» X

48. (a) Seethe graph y =2°"* and y =|sinx| . Two curves
meet at four points for x €[0,2m]
y
A
2 y=2cosX
1 .
1 7 N\¢—t+—y = [sinX|
S~
Y /2 T 3n/2  2n
So, the equation 2°°** = [sinx | has four solutions.
49. (¢) Thegraphof y =sinmxand y =|log|x|| intersect the

6 poins (four positive and two negative roots) as clear
from the follwing figures :

A | —

50. (d) Firstconsidermax (Jx+y|,|x—y]|)=1
If [ x+y|>|x—y]|then |x+y|=1
i.eif 4xy>0 then x+y==1,
= In first and third quadrants x+ y = +1
If|x+y|<|x—y]|then |[x—y|=1
i.e., if 4xy <0, then x—y ==+1
= In second and fourth quadrants x—y ==*I

Also |yl=x—|x| = y=*(x—[x]) as x—[x]=>0



The graph of the curves is shown :

x—y=—1
1 -
—————— y=x-|x|
Xty=
1 >
x—-y=1
e y=—(x-[x])
x+ty=—1

We note that for —1<x <0 two curves concide. So,

there are infinitely many solutions.

51. (¢) sin”' (log[x]) is defined if —1 <log[x] <1 and [x]>0
= lixce = =122 xel3)
e

Again, log(sin"'[x]) is defined if sin~![x]>0 and

-1<[x]<1

= [x]>0and -1<[x]<1=0<[x]<1
= x€[1,2)

.. Domain of f(x)=[L,2)

For1<x<2, [x]=1

S f(x)= sin”' 0+ logg = logg,Vx €[1,2)

. Range of f(x)= {logg} .

52. (@) Given f(x+))=f(x)f(y) Putx=y=0,thenf(0)=1

Puty=—x then f(0)=f(x)f(—x)
1

= f(—x)=%

Now g(x) = L)Z
L+{f(x)}

1

VAGRI N A C)) f(x)

g(=x)=
(0

53. (@ Given, f(x+y)+f(x=»)=2f(x)f(D) .....

Interchange x and y in (1), we get
J+0+f(y=-0=2fWNf(X) .....(2)
From (1)and (2) f(x-y)=f(y—-x)
Putting y = 2x, we get f(x)= f(—x)

0P e L )

54. () Here g?(x) = gog(x) = g{g(x)} = g(3+4x)

=15+4%>x=(4> -1)+4%x
23 (x) = gogog(x) = g(15+4°x) =3+ 4(15+ 4% x)
=63+ x=(4> -1 +4x
Generalizing, we get g" (x) = (4" —1)+4" x = y (say)
then x =(y+1-4")47"
= g "()=(+h4" -1
g ") =(x+D4" -1

Given f(x)=—- f(2x+29j+50x+40.
2 x=2
Replace x by 2x+29 , we get
x-2
2x+29 3 2(2x+§9j+29 2x+29
f( al j:——f i +50( al J+4o
x—-2 2 x—

(2x+29J_2
x=2

- f£2x+29j:_%f(x)+50(2x+§9j+40

x=2 xX—

2x+§9j—60+50x+40

) =§f<x>—7s[

xX—

2x+29

X—

- f(x):60( j+16—40x

Givenf(x)+f(x+a)+......... +f(x+an)=0....(1)
Replace x by x + a,

fx+ta)+f(x+2a)+...... +f{x+a(n+1)}=0...12)
Subtracting (2) from (1), we get
J@—fixta@nrt)};=0

= f(x) is periodic with period a (n + 1).

The problem s equivalent to deragement. The required
number of functions

= 5! 1—i+i—i+L—i}:44
1 21 31 41 5! )

f(x)isone-oneif f'(x)>0 VxeR
s 3x% +6x+4+acosx—bsinx=0V xeR

= 3x% +6x+4>bsinx—acosx VxeR

:>3x2+6x+42\ja2+b2 VxeR
or 3(x+1)?+1>Va®? +b*> V xeR
A +b* <1



59. B 2<x*<3 =D <x<3 (-x>0)

60.

61.

62.

63.

64.

@

@

(b)

©

@

o L G P
. —xand{x}:x -2

x
So, the equation becomes

L ¥ 010
X

1145

or (x+1)(x —x-DN)=0=>x=-1, S

¢ x>0)

s
2

We have, D(x)= f(x)g( ] 8( )f( ]
Now period of f(x)g(gj is 7 x55=385

Period of g(x) f[gj is11x21=231

.. Period of D(x)=LCM of (385,231)=1155
S+ D+fx—1)=2f(x)

=) +f(0)=2/(1)

=/f(2)=2f(1)

SO +f()=2/2)
=/G)=4()-f(1)=3/(1)

Similarly, 1(4) +/(2)=21(3)
=f@4)=6/(1)-2f(1)=4/(1)
=f(4)=4/(1)

Hence f(n)=nf(1)

Range of /(x) for which g (f(x)) is defined is {3, 4}

Hence domain of g (f(x)) has two elements.
.. Range of g (f(x)) also has two elements.

4x? + 4x + 4 + sin (mx) = (2x + 1)? + sin (mx) + 3 > 2.
Now as 1 <2 <e, the required value of # is 3.

[fT f[ )64 (1)

I—x
Replace x by Tox

() ool o

[Putting values of ./ ( j from (1)]

= F(x)° = 64x> G+ x]

65.

66.

67.

68.

@

©

b)

@

(x+ 1) f(x) —x is a polynomial of degree n + 1
S+ fx)—x=k(x)[x—1][x-2]....
= h+2]f(n+t)—m+D)=k[(n+1)!]
Also, 1=k(-1)(-2)...((-n+1))
1=k(1y" (n+1)!

= n+2)f(n+1)—(n+1)=(-1)"*!
= f(n+1)=1

[x—n]

If n is odd and ,if n is even.

n+1
Casel:
0<x|-1<ie., 1 <[x|<2,then
X+4x+4<1
=>x2+4x+3<0
=-3<x<-1
So,x € (-2,-1) (D)
Casell :
x|—1>T1i.e., [x|>2,then
X+4x+42>1
=>x2+4x+320
=>x2>2-1orx<-3
So,x e (—w,-3]U (2, 0)
Lety=|f () +g () + [/ (x)— g ()|
P20+ () + 2 () g (¥)
7))+ () -2 () g () +2[f7 () - g ()]
=217 (x)+2g% () +2|f*(x) ~g* )|
CaseI:If /2 (x) > g2 (x), then y2=4f2(x)
y=2fx)
Casel :1fg? (x)>f? (x), then y2=4g?(x)
y=2|gx)|
So, y=2max {[f(x)], [g (x)[}

o) _ Jf ()

- 1L <
T, i S0l

gx)=
Let 0<f(x)<1then g(x)=0
Let—1 <f(x) <0 then

o) S 210 )

g0 == f(x)+e 70 - 2f(x)+1: -
Thus for— 1 <f(x)<0

_1762 )
g(x) el —=.0
_1+e2 J

So, for—1<f(x)<1

g@) €| —5.0

A



69.

COMPREHENSION TYPE

(©)

Given curves y = Inx and y = ax

= Inx = ax has exactly two solutions

Inx )
= — =a has exactly two solutions.
x

Inx
To find the range of -

1
1 x——Inx |
Letyzﬂ, x>0; ﬂ: X _1 Inx
x dx 2 2

A

yisincreasingif 1 —lnx>0 =

1
Range of y e(w,—} ;
e

Inx<l=0<x<e

\
Graphof y= i
X

) Inx
For exactly two solution of — =a
X

a E[O,l)
e

1

1. (@ We have af(x)+bf[l] =—-5 (1)
x) x

2.

(b) Wehave af (x) +bf (—x) =g (x)

Replace x by 1 =af (l] +bf(x)=x—5-(2)
X X

|
Eliminating f [—] , we get
X

@ - f()=2-5a-bx+5b  .(3)
X

LHS =0, where a=b or a + b=0. We are given that a #
bandifa+ b=0,then b =—a # 0, then (3) becomes
quadratic in x, which can have at most two solutions.
But that contradicts the fact that (1) and (2) are valid
forall x#0.S0a?~b?#0

a bx
= - - forallx=0
7 (a2 —bz)x a’>—bp> a+b ¥
2 2
a bx 5
f(x)dx = - - dx
NOW'I[ '!- (az—bz)x a’—-b> a+b

1 bx* ?
== 2{alnx—i—5(a—b)x}
a —b 2 1

2a1n2-10a+7b
2(a* - b?)

2
j F(x)dx =
1

(1)
Replacing x by —x = af (—x) + bf (x) =g (—x) ...(2)
Eliminating f (—x),

©

©

we get (a® — b?) flx) =ag (x) —bg (-x)  ..(3)
£ (x) can be determined uniquely if a2 — b2 = 0.

In the degenerate case (i.e., when a® — b% =0), equation
(3) will have no solution if ag (x) — bg (—x) # 0 and has
infinitely many solution if ag (x) — bg (—x) =0
Replace x by (—x) and with the property that f (x) is
even, we get

x2f(x)—2f@ =8(-0)=-g)
:>x2f(X)2f(§) =0

Now replace x by 1 , we get izf[l] -2f(x)=0
X X X.

On solving, we get f(x) =0

Givenaf (z) + bf (w*2) =g (2) (1)
Replace z by wz and by w2z, we get

af (wz) + bf (2) =g (wz) -2)
and af (w2z) + bf (wz) = g (w?z) -(3)

Equations (1), (2) and (3) together form a linear system
of three equations in three unknowns f'(z), f(wz) and f'
(w2z) which can be expressed in a matrix form as

a 0 bil f(2) g(2)
b a 0| fwz) |=| g(wz)
0 b allfws)] [ew’z)

The determinant of the coefficient matrix is a> + 5. So,
when a3 + b3 # 0, the functional equation (1) has a
unique solution. Futher a3 + b3 #0=a+ b #0.



d Sinceh(—x)=-h(x)
S +g(=x)=-f(x) —gx) (- fisoddand giseven) 1. © fx)=

5 2g(x)=0 a +f

=gx)=0VxeR o -
= g (x) is zero function which is constant function. F()+ fl-x)=

@ gx)=0=>g'x)=0vy x a +\/_ \/_

So,f"(x)>0 Vx eR .

= f'is increasing function and fis odd. - a

Let f(x) > 0 for some x (without loss of generality) a*+\a a+a*Na
f(=x)=—f(x) <0 for that x

Since f{x) and f(—x) take opposite signs and f is _ a* Ja B
increasing at + \/; Ja+a© 1=k
= f is zero at only one point

Lf)=g@x)=f(x)=0 =>x=0 2n-1 , 2n-1 -
suchthat £(0) =0 (- f(—x)=— / (x) takes x =0 then (0) so. 2.2\ )= 2 5
=f(0)=/(0)=0) r=1 r=1

. f(x) =g (x) has only one solution. =2n-1).1=2n-1

() The number of solutions of ¢ (x) =& (x) is
P (x)=f(g(x)) +g (f(x))
=f(0)+0 (-gx)=0VxeR)

11. (¢) If xeR ,then x<(x)=20
&)

S 0<-—<1 -y €[0,1]
=6 ()=0 and h (x) =/ (x) x
o) =h(x)=0=/(x) 12. () Since—2<x<-1=(x)=-—
= ftakesOatx=0 . Similarly, () =0, (z)=1
", equation has only one solution.
0 0 1
4%
@ Iff(x)= wherex e Q So, determinant  =(-1 1 1
* 4 Expanding along R, we get the values of determinant
— = + 1°
then f(x) +£ (1 -x) o A xao as1(0+1)=1.
13. ) f(x)=cos10x+cos(—9x)
4% 4 4~ 4 - +
_ N _ N -k f(x)=cos10x+cos9x
4% +2 4+24% 4 +2 244 0 1
f( )—cos +cos—=—=+0=—=
f( 1 ) f( 2 ] f(zoosj 4 4 4 V2 V2
N +fl=—— |+t f|=—
™ 712000/ "7\ 2000 2009 , o
= f[—j =cos—+cosdSnt=0+(-1)=-1
2008 2 2
-y f( r j _2008x1_ 0
o0 \2009+1 T 2 T n 1
=r(§)+r(3)- (5
4 2 V2
x—3 37x72
) = +
@ f+/(1-x LTI S L Ve 14. (¢) Let the equation of parabola be y=ax? +bx+c
_ 1
33 {3)“ +3 :l _33 then—=1=a =1. Also, its vertex is
= e a
3437

2
Thus, f(%) +f(%) +o +f(%) [—%, 4a2ab ]

54 -3 S TT—— =T an =——
:Z[ ] 5437 | 2 2 4a 4
54+1 2




1.

We getb =-3 and ¢ = 2. Thus y=x? —3x+2 is the AA(O 2)
required parabola. \/\
Hence f(x)=x2—3x+2 > X
_ -2 -1 1 2
g @) =f(Ix))
h(x)=|g (x)|
y Graph of A(x)
A . _ .
A, 2) Number of real solutions of g (x) =0is 4.
15. 0 gx)+a=0=>gx)=-a
i) 1 1 A > X A line parallel to x-axis cuts the graph of y = g(x) exactly
twice if it is above the point A(0, 2), so
—a>2=>a<-2
16. () From the graph of h(x) we see that 4'(x) = 0 atexactly
Graph of g(x) two points, one of which lies in (=2, —1) and other is
(1,2)
REASONING TYPE
@ f(x)=x—[x] s R R 2x+1 biiecti
. ¢) fR— R fix)= is a bijection.
A1) = x+1=([x]+1) = x—[x] © f f)=73 !
period of x — [x] is 1 L 3x—1
. =>f ==.
£(x) = sin(2x~[2x]) 2
). 1 1 5. (@ Let a(x)= PACY] then
f(x+2j—sm(2[x+2j {Z(HJD 2(%)
= sin(2x+1-[2x] 1) =sin(2x—[2x]) h(exy=LED T
| g(=x) —gx)
period is By 7
- h(¥) == is an odd function
@ 2<x<3= x-1>0 g
x=2>0 6. d f:4->B, g:B—C are function (gof)! »
x-3<0 flog™! (since functions need not possess inverses)
= f(x)=x-1+x-2+3-x=x Bijective functions are invertible.
7. @ A:sinx:—[-1 1]>[-1 1]Also,

@E MULTIPLE CORRECT CHOICE TYPE

@

= f'is an identity function
Range of sinxis[—1, 1]
= f:R — R defined by f(x) = sin x is not onto

= it is not bijection.
If f'is both one and onto then f'is bijection.

f[%j = f(5/6)= f is not one-one

1. (bo) f(x)=\/§sinx—cosx+2=2$in(x—%]+2

Since f{x) is one-one and onto, f'is invertible

Now (fof_l) (x)=x

= 2sin(_f_1(x)—g]+2 =X

= sin(f_l(x)—gjzg—l



= f_l(x)=sin_1(%—l]+% Yy =1+ sinx y=1-cosx
|
2 \é

Because |~ —1|<1 forall xe [0,4].

. . _ T
Also using sin~! o+ cos la:E

_ i x=2 _
S leg—COS I[XT)—E = E—cos_1 [_x 2) i
3 2 234 R  3n2 Tn4 2n

2. (ab,c) The equation x> + % = 25 represents a circle with \
center (0, 0) and

. . 4 =1- =x—
radius 5 and the equation y = axz represent a y=l-x y=x-1

parabola with
vertex (0, 0) and focus (0, 5). Hence RN R'is the

set of points

(73’4) (3a 4) 1—x, x<0
g(x)=max{l,|x-1]} =41, 0<x<2
x=1,x>2

S f0)=1=g(f(0) =1 and f(1)=1+sinl

( 0<1<3_ch
4

=gy =1

(- 1<1+sinl<2)
indicated in the figure = { (x, y) : -3 <x <3, Again g()=1= f(g(1))=1+sinl and
0<y<5). 2(0)=1= f(g(0))=1+sinl
Thus dom RN R'=[-3,3]and range 4. (@b) Wehavef/(n+2)—f(n+t1)=(n+2)!

' =m+2)(n+D)=n+2)[f(n+1)—f(n)]
RAR'=[05]>[0,4] =f(+2)=(n+3)f(n+1)—(n+2)f(n)
Since (0,0)e RN R' and (0,5) € RN R' S P(x)=x+3and Q(x)=-x-2
- 0isrelated to 0 as well as 5. 5. (ad)f(x)isdefinedifl+[x]=0= x £[-1,0)
Hence, RN R' does not define a function. Also Now,
any line parallel to
y-axis contains infinite points in the region -3 <x< |
3 e* if 2<x<3
So, there are infinitely many images for each value 3
of xe(-3,3), thus RN R' cannot be a function. =

3. (abd) 7 if 1<x<2
f=y _x .
1+sin x, os)cs%“ e’ if 0<x<l
3In In - if 2<x<-1
f(x)=max{l+sinx,1,1-cosx} =ql—-cosx, —<x<— x
4 2 e
1, %SXSZR 2 if 3s<x-2

The graph of the function is shown in the figure.



So, 1+g*(x)=1+x-2x3+x*
@) =x*-23+x*=x2(1-x)*=x*(x—1)?

2 a4
g@)=+x(x-1)
1 asg(2)=2=g(x)=x(x—1).
1 9. (b, d)For f(x) to be real
N x>0,Inx>0,In(Inx)>0and In(In (Inx))>0
1 =>x>0,x>1,x>ecandx>e* = D=(€° )
13 72 71 e 1 Clearly Range of f(x) = R = f(x) is onto
I | 1 T T
b YR 4 21 3 .
\o e ? Also, f"(x) = S — >0 if x> ¢
....... 4 —1/e xIn(x)In(In x)
+-1 .. f(x) is one -one in its domain.

T2 10. @ed) f(x)= x| —x)
If x>0 thenf(x) = /x—(x—[x]) =+[x]

From the graph it is clear that f'(x) is discontinuous and [x] =0, so f(x) is defined

at all integral points. Further f(x) does not attain
gratp /&) If x <0 then f(x) = \J—x — (x—[x]) =~/ —2x+[x]

1 .
many values in the interval [f— , 1} Now—2x+[x]<-2x—1 (- [x][£-1ifx<0)
e

1
. . o .
6. (0 Given f(x+y)—A =f(x)+2y2. s f(x)isdefinedif—2x—1>20= x < 5

Replace y by —x, then

1
10+ o - )+ 22 Clearly for x < ) f(x) >0 (seethe graph)

= f(x)=f0)+hk? —2x7 ....(D) 2

Now f()=f(0)+k-2=2 = f(0)=—k+4 3

and f(2)= f(0)+4k—-8=8 = f(0)=—4k+16 2

Which give k=4 and £(0)=0 \ J2 o

Thus, from (1) f(x)= 257

f(x+y>f( ]=4:k 5 oa L B

b
xX+y

x—1 1
7. (abe) y=—F—alsoy<-lory>-—
a—x"+1 3

So the range Y=10, )

1
{ 1 .
= )(y+3]>0 11. (ac) Let f(x)= L+sin x

cos x(1+cosecx)
x-1 x-1 1 . .
= 5 +1 Y >0 (I+sin x)sin x nm
a—x"+1 a-x"+1 3 T e (i fanx, X #F——
cos x(1+sin x) 2

Sx-1+a-*+1)Bx-3+a-x>+1)>0
x*+x+a)(=x*+3x+a-2)>0
(P-—x-a)(x*-3x+2-a)>0
=>x2-x-a>0 VYxeR

Clearly, f(x) has  as fundamental period
Let f(x) =|sinx|+| cos x|
f(m+x)=|sinx| + |cos x| =f(x)

T
andx*-3x+2-a>0 vx eR f[g+x) =|cos x| +[sin x| = £ (x) =5 is the
=l+4a<0=ax< 1 fundamental period

4 Letf(x) =sin 2x + cos 2x
8. (ab) f()=1+x (1) f(m+x)=sin2x +cos 2x =£(x)

From (1) f(g (x))=1+g*(x)

= — sin2x — cos2x # f(x)

f(g(x)=1+x%—2x3+x*
T
f[—+x)



is the fundamental period
Let f(x) = cos (sin x) + cos (cos x)
f(z+x)=rcos (sin x) + cos (cos x)

A [§+ x) = cos (cos x) + cos (sin x)

.. fis decreasing in (0, 1) U (2,0) and so one-one.

x—2
f’(x)>0: x—3>0, x<1,x¢0

2—3x >0 x>1
- X
= fundamental period is 5 o r<0orl< x<2
- .. fis increaisng in (—0,0)U (1, 2) and so one-one.
—, x<Lx=#0
12. @bed) f(x)=2t- 2 a
© UhDG V=T T . 13. (b,e,d) Let f(x)+%=0 (D)
—2, x>1
X
—6x +11x—6
_ where f(x) =
, x<Lx=#0 X+ x2 —10x+8
S'(x)= “Dix=2)(x— —
—x . _ =D =2)(x-3) _ x 3, v 12,4
RN X (x-D(x-2)(x+4) x+4
2 1
x_32<o, x<lLx#0 Rangeoff(X)—R—{la—g,—g}
X
S(x)<0 = 2 x So equation (1) does not have solution if
3 <0, x>1
X i:,l’g’l
=0<x<1lor x>2 30 56
a=-30,12,5
EE MATRIX-MATCH TYPE
A-r; B-q; C-r,s; D-p 1 1
Sl>— >
(A) sin"!(5x) is defined if 2—cos3x 3

—lSSxSl:—%SxSl

(B) Clearly 0 < v1-25x% <1
= Range of y/1-25x2 is [0,1]

©) f(n=""1
x—1

x+1
— [+1
(x—lj _x+l+x-1 2x

:fof(x)z(xﬂj_l Cx4lox+l 2

W

x—1
=fof(x)=xx=1
Period of x — [x] is 1.

2. A-r; B-s; C-t; D-p
(A) Rangeofacosx+bsinx+cis

[c—Na? +b%, c+Va® +b* 1=[2, 2]

B) -1<-cos3x<1=1<2—-cos3x<3

© tan'x+cotlx= %

-1 . | T -1
—>tan " x-—cot x=tan x-— E—tan X

_ i
=2tan ' x——
2

1o i} o -1
.'.—E<tan x<5:>—n<2tan X<m

3n 1 T T
= -——<2tan x——<—
2 2 2

tanx 1-3tan” x

tan 3x B 3_tan2 X

(D) Lety= (tan x = 0)

:3y—l=(y—3)tan2x

3y-1_Gr-D»r-3)
y-3 (-3

=y e(—oo, %] U (3, )

= tan2 X =



A-q,t; B-s; C-p,q,r; D-p 5. A-r, B-s; C-q; D-p

(A) f(x)=log(ax®*+ (b+ax*+(b+c)x+c)
=log (x (ax*>+ bx +c)+ ax>+ bx + ¢)

=log {(x+ 1) (ax®+bx+c)}

(A) The equation implies that (x2 —I)cosx >0

=x>-1>0and cosx>0 or x>—1<0 and cosx <0
s —4ac<0,a>0=ax’+bx+c>0 Vx €R.

=>-Z<x<-lorl<x<> So,x+1>0=x>-1
2 2 Domain of /(x) (=1, o0 )
(B) [x2] = x+ 2{x} — [x]2 — [x] +3{x} Range Off(x) iS CleaﬂyR.
B)f(x)=fntan' (x> —6x*>+ 11x—6) x (e*— 1)
2
:{x}z[x] —[x] =x(E-1) @ -6x2+11x-6)>0
3 SxE@-1)(x-1)(x-2)(x-3)>0
Thus Domain of f(x) is (1,2) U (3, o0 ). Range of f(x) is clearly R.
2
- 1-+/1 1+4/1
o< = e */_3,0 Ul 1, 13 N\
3 2 2 1 2 3 >
o/
Sx]1=-1,0,1,2
2 — — — —
{x}:z’o’o’g :x:—l,0,1,§ © f =t 3x+2  (x-D(x-2) 1,x¢2,—3
3 3 3 3 Pax—6 (x+3)x-2) x+3
T -1 T
_ _= = -1
(©) Wehave ~1<x<l= -2 <tan” x< Let y=2" o i 3ymxoi
x+3
and f(JC)=£+tan71x:£Sf(x)£z 3y+l
2 4 4 x(-D=- @)= r=TT ]
~[f(x)]=0,10r 2
(D) In(cos(sinx)) > 0 = cos(sin x) >1 Also, X 2,2 y— %
= cos(sin x) =1. Hence
In(cos(sinx))=0= f(x)=0V xe€ Domain . So, Range = R — {l’ 1}
A-p, 1, 85 B-1,8; C-t; D-q,t 5
(A) Putx=y=0,then2f(0)=2{f(0)}> = f(0)=1.Now Domain =R — {-3,2}
putx=0, thenf(y) + /(=) =2/(0) /()
=S =f(y) = f(x)iseven = f(x)is many one D) f(x)=sin> §+ cos%
Again f(0) =1 = f(x) cannot be onto
(B) If x <0, thenf(x)=0 = f(x) is many one and neither Clearly domain is R.
even nor odd. Clearly f(x) is not onto, for example ) x ¥
£(x) %1 for any x. J(x)=sin” 2 +cos
(©) f(x)iseither —x" +1 orx"+1.Butf(3)=28. ” x
f(x)=1-cos”—+cos—
-, f(x)= x> +1, which is neither even nor odd but 4 4
one-one and onto both. )
D) Obviously £(x) is odd and £'(x) = 2 + cosx > 0, 50 f(x) - [0052 X osX +l) L i_(cosf_l]
is one-one. 4 4 4/ 4 4 4 2
Also,
F(6) > o0 x>0 and f(x) >0 as x > o Range of /(x) i [—Lﬂ .

so f(x) is onto.



6. A-r; B-p;C-t;D-q P 2 2
(A) () =sin! (2 + 1) +cos (24 1) + [1 +x2]s _ (2eos” x)(1+ tanx)” _ (1+tanx)

2 sec? x
. . s
f(x)lsdeﬁnedlfx2+1£1:>x:0:f(x)=E+1 _1+tan2x+2tanx=1+ 2tan x
1+tan® x 1+ tan® x

0 if [x]is odd
not defined, if [x] is even

(B) cotg[x N T] _ cos%[x] - { - f(x)=1+x, whenever defined

- Perod of f(x) =2 D) f(x)=tan! (2a — 2x — x?) is onto = Range = [—g,O}

=2a-2x—x*<0=>x2+2x-2a>0 V x €R

© ( 2tanx ]_ (cost+l)(sec2x+2tanx)

2 2 ) 1
1+tan” x =((x+1) 7(1+2a)ZOVxeR:a=*E
EE NUMERIC/INTEGER ANSWER TYPE
1. Ans.: 0 y
x—1 M
Let y=f(x)=——— 1
c—x"+1 T ;
1 $><\ Y =X4
Take y=—t, where t € g,l R %//
— —¢ >X
x—1 -1 i—sin 1 sin] 1
—f = H
c—x?+1 o1
) x—=1 5 1 1 ] D)
= X —-c-l=—=x"—-x+-—-c-1=0
t t t
1 ) .
As —t e —1,—5 , hence the above must not possess So, the graph of y = [sin™! x] is shown, Also
real solution x+1, if —1<x<0
2 1 | 4 y=x—[x]=¢ x , if 0<x<l1
(—j —4(——c—1j<0:———+4<—4c 0o , if x=1
t t 2ot

5 Clearly from graph, the two curves meet at x = 0 only.
:>c<_l(l_2j 3. Ans : 15
Al f(B3n+x)=£x) = cos (3nm+ nx)

2
. (15m+5 5
NOW,l$t§l:>1S1—2S1:>—lsl(l—2j <0 Sm[uj:COS(HX)COS(—x]
3 t 4 4\t n n
1
Hence, ¢ € [—oo, _Z} Put x =0, then cos 3nm sin (15_75) =0
n
2. Ans.: 1

Now cos 3nm # 0 for any n € 1, so,
sin"lx is defined if —1< x <1 we have

. 15=m 157
If 1< x< —sin1 then [sin~' x]=-2 sin—==0 = —==kn, kel
If —sinl<x<0 then [sin_1 x]=-1 15
. o <. n=— = The largest value of n = 15.
If 0< x <sinl, [sin'x]=0andif sinl<x <1, k

then [sin”! x] =1



(c) Puty=0in the given relation, then

2 2

Now,

F)= M [f{z(“h)} 1)
h—>0h

f(z] _f@+£(0)

|

2

h—0h

i =10 _

h—0

2

lim l[f(ZX)+f(2h)—2f(x)}  lim {f(Zh)—l}

2h
[from (1)]

h—0

(0)=-1

v fx)=—x+c.Putx=0= 1=0+c = c=1

) =—x+1

Ans.: 1

=f1)=2

Jog (x)=f(g(x))=/(4x (1 -x))

1-4x(1-x)
1+4x(1-x)

But4x—4x2>20=0<x<1

when0<4x(I-x)<1land 0<x<1

dx—4x?<1=>2x-1220=>x e R

Hence fog (x) =

1—4x+4x?
1+4x—4x>

2
Lot yo 240+ gy

—(4x> —4x)+1
Put4x? —4x=t¢ t e[-1,0]
_rrdy I+l

, >0
1—t dt (1- t)

Range of fog (x) =0, 1]
=a+p=1
Ans.: 5

h
f( +h) SOy f[x(ijj_f(l‘x)
h—0

S')=

f(x).f[1+ Mz - r(1+) - res0) -2+ 1+ 5y
= lim

h—0 h

v (1) -]
= lim a

h—0 ﬁ
X

)
X

X

1) = 2{f(X) 1}

S 2

-1 x
n(f(x)—1)=2 fnx +fnc
f)—1=cx?
f(x)=cx*+1
asf(l)=2=2=c+1=c=1
=fx)=x>+1

S



