EXERCISE 1(A)

1, If A contains 10 elements then total number of functions defined from A to A is
(@) 10 (b) 210 () 1010 (d) 210 1
Sol. (c)

According to formula, total number of functions =n"
Here, n =10. So, total number of functions = 10%.

2 If f00= XX then -

| x|

@ 1 ) -2 (© 0 @ 2
Sol. (b)
T ]

3 If f(y)=1logy, then f(y)+f[$} is equal to

@ 2 by 1 (cp 0 d -1
Sol. (c)

Given f(y)=logy =f(1/y)=log(/y), then f(y)+ f[%} =logy +log@/y) =log1 =0.

2

4 If f(x):log[1+x], then f[ 2x J is equal to

1-x 14X

@  Ifeor (b)  1feor® () 2fx d)  sf

Sol. (c)
1+x

f(X):log(mJ

-f( 2x jlo 1+1i);2 log o rLr2X| [1+XT—2I0 [“—X}—zf(x)

Tl1ex?) gl_ x| x| T T T

1+ x2

5 If f(x)=cos[z?]x +cos[-z2]x, then

@) f@:z 0)  fem-2 ©  fw=-1 (d) f@:_l
Sol.  (d)

f(x) = cos [7°]x + cos [-72]

f(x) = cos(9x) + cos(—10 x) = cos(9x)+cos(10x) = 2COS(197XJ cos[ij

2
f(%} = 2cos[¥jcos(%j ; f(%) =2x _T;x % =-1.

6 If :R— R satisfies f(x+y)=f(x)+fy), forall x,yer and f@) =7, then Zf(r) IS
r=1



@ = ) 0D © me+y (@ 0D

Sol. (d)
fx+y) = f(x) + f(y)
put x=1y=0 = f@1)=f@Q)+f0)=7
put x=1y=1 = f(2)=2.f@)=2.7; similarly f3)=3.7 and so on

n

2 M0=70+2+3 4. vn) = M
r=1
7 If f(x)= ! + ! for x > 2, then f@a1)=
\/x+2J2x—4 \/x—2J2x—4
7 5 6 5
(a) 5 (b) 5 (c) - (d) B2
Sol. (c)
f(x) = ! + !
\/x+2\/2x—4 \/x—2xl2x—4
1 1 1 1 3-v2 3+J2 6
f(11) = + = + - . _5
Ji1+2418 Ji1-2J18 3+v2 3-42 7 ToT
8 Domain of the function 21 is
xc -1
@ (<o -1u,«) (b) (o —1]u,«) (C) (~o—1)UlL,«) (d) None of these
Sol. (a)
For domain, x?-1>0 =(x-1)(x+1)>0
=>x<-1lor x>1 =xe(-o-1)ul,x).
9 The domain of the function f(x) = ——— is
(x) =S
(@ R (b) R (€  Rg (d R
Sol. (b)
For domain, | x| -x >0 =] x|>x . This is possible, only when x eR".
10  Find the domain of definition of f(x)= w
XS +3X+2
@ B« b)) -2 €  B-{1L-2d) (=)
Sol. (c)
Here f(x) = 920+3) _ 100o(+3) qyicisif
x2+3x+2 (x+1)(x+2) 1
Numerator x+3>0 =x>-3 S ())
and denominator (x +1)(x +2)#0 = x=-1,-2 ...... (i1)

Thus, from (i) and (ii); we have domain of (x)iS (-3,00)—{-1,-2}.
11 The domain of the function f(x)= (@2 -2x -x2) is

() —3<x<43 (b)) -1-VB<x<-1+43
(© 2<x<2 (d) None of these



Sol. (b)
The quantity square root is positive, when —-1-3 <x <-1+43.
12 If the domain of function f(x)=x? —6x+7 1S (—x,«), then the range of function is
@ (o (b) -2 € (23 d  =-2
Sol. (b)
x? —6x +7 = (x—3)? —2 Obviously, minimum value is —2 and maximum o.
13 The domain of the function f(x)=vx —x? +va+x +/a—x is
@ 4 (b) 44 ) 4] d Dy
Sol. (d)
f)=Vx —x2 + Va7 x + /A —x
clearly f(x) is defined if
4+x>20 = x>-4
4-x>0 = x<4
x1-x)=0 = x>0 and x<1
.. Domain of f =(—0, 4] [-4,%) N[0,1] =[0,1] .
14 The domain of the function \flogx? —6x +6) is
@ (=) (b) (=3-V3)uE+v3,%)
(c) (0, 1][5, ) (d) [0, )
Sol. (c)
The function f(x)= \/m is defined when log(x? —6x + 6)>0
= x2-6x+6>1 = (x-5)(x-1)=0
This inequality hold if x<1 or x>5. Hence, the domain of the function will be
(=0, 1] U[5,).
15 The domain of definition of the function yxx) given by 3* +3" =3 is
@@ (01] (b) [0,1] ©) (=0 d (=D
Sol. (d)
3 =3-3
yisreal if 3-3">0 = 3>3"= 1>x
X € (o, 1)
16  The domain of the function f(x) =cos™[log,(x/2)] is
@ [1, 4] (b) [-4,1] (©) [-1,4] (d) None of these
Sol. (a)

f(x)=sin"[log, (x/2)]

Domain of cos™ X isxe[-1,1]

=N —1£Iogz(x/2)£1:%s <2 = 1<x<4

X
2
. oxe[L4].



17

Sol.

18

Sol.

19

Sol.

20

Sol.

21

Sol.

If fx)=x2?+1, then f*@7) and f*-3) will be

@ 41 ) 4,0 () 3,2
(d)

Let y=x2+1 = x=tfy-1

= fly)=tfy-1 = Fix)=+/x-1

= f117) =417 -1 = +4

and f(-3)=+/-3-1 = +J-4, which is not possible.

Domain of definition of the function f(x)= 1 3

2

(d) None of these

+log, (x° —x%), is

@ (12 () (L0v(2)
© (L2uUE «») d (LOuL2u2
(d)

3

+Ioglo(x3 —X)

f(x) =

4-x2

S0, 4-%x220 = x#+/4 =x#+2

and x> -x*>0=>x*(x*-1)>0 = x>0/ x| >1 ° '
" D=(-10)v(l)-{2}

D=(-1,0)U(L,2) U(2 ).
The domain of the function f(x)=logs,,(x*> —1) is

@  B-nulo (b)  B-)uULw)

()  B2QuE2-Hul=) d)  [B-2uE-DulL«]
(©)

f(x) IS to be defined when x? -1>0
= x2>1, = x<-lorx>1 and 3+x>0
o x>-3 and x =-2

S Dy =(-3,-2)u(-2-1) U, 0).

Domain of definition of the function f(x) = \/ZSinl(Zx) +g , for real value x, is

@ [-2f  ® [1} © (L}

2'9

4’2 2’2

(@)

—££sin‘1(2x)s£:>—232xs1 = xe|-L1 1|
6 2 2 4 2

The range of f(x)=cos x —sinx, IS
@ @y 0 @y © |-5F @
(d)

@ [

4’4

[v2,V2]



V2 V2
Now since, —1scos(x +%j£l = -42< f(x)S\/E = f(X)e[—\/E,\/E]

Let, f(x)=cos x —sinx = f(x) = «/E[icosx —isinxj = f(x):\/Ecos[x +%)

Trick : -+ Maximum value of cos x —sinx iS +/2 and minimum value of cos x —sinx iS —v2 .
Hence, range of f(x)=[-v2, v2].

2
22 The range of 1+;‘ is
X
@ oy (b) @ (¢ [01] (d)
Sol. (b)
1+x2 1
Let y= > = x’y=1+x%? = x’(y-1)=1 => x?=—r
X y-1
Now since, x? >0 = i1>03(y—1)>0 = y>1 = ye(l,»)
2
Trick : y=22X" -1, 2. Nowsince, = isalways >0 =y>1= ye«).
X X X
23 For real values of x, range of the function y = L
2 —sin3x
(a) %Sysl (b) _§Sy<1 () —%>y>—1 (d)
Sol. (a)
vy = 1 y 2—sin3x:l :sin3x:2—l
2 —sin3x y y
Now since,
) 1 1 1 1
-1<sin3x<1 = -1<2--<1 = -3<-=-<-1 = 1<-<3 = =<y<l.
y y y 3
24 If f(x)=acos(bx +c)+d, then range of f(x)is
@ [d+ad+2a (b) [a—d,a+d] (©) [d+aa—d] (d)
Sol. (d)
f(x)=acos(bx +c)+d e (1)
For minimum  cos(bx +c¢)=-1
from (i), fx)=—-a+d=(d-a),
for maximum cos(bx +c¢) =1
from (i), f(x)=a+d=(d +a)
.. Range of f(x)=[d-a, d+a].
25 The range of the function f(x)=| zi;
(@ {01} b {11} ¢ R d) RrR-{2
Sol. (b)
X+2 -1, X<-=2
f(X):| X+ 2| _{ 1, x>-2

.. Range of f(x) is {-1,1}.

[1,0)

—>y>1

[d—ad+a]



26

Sol.

27

Sol.

28

Sol.

29

Sol.

30

Sol.

The range of f(x):sec(%cos2 J —w<x<o IS

@ vzl (b)) e (€)  2-1uRy2] d)  (eo-1uiLo)
@

f(x):sec[%cos2 xj
We know that, 0<cos? x<1 at cosx =0, f(x)=1 and at cos x =1, f(x)=+2

L lsx<V2 = xell V2],

Range of the function f(x)=w;x eRIS
X +x+1
@ (1, ) (b) @,11/7) (©) 7/3] (d) ,7/5]
(c)
f(x)=1+ = Range =@1,7/3].

2

X+=| +—
2 4

Function f:N — N, f(x)=2x+3 IS

(@) One-one onto (b) One-one into (c) Many-one onto (d) Many —one into

(b)
f IS one-one because f(x,)=f(x,) = 2x,+3=2X,+3 = X, =X,

Xx—-3

Further (x)=
2

¢ N (domain) when x =1, 2, 3 etc.

-. fis into which shows that f is one-one into.
The function f:RrR — R defined by f(x) = (x —1)(x —2)(x - 3) IS

@ One-one but not onto (b) Onto but not one-one
(© Both one-one and onto (d) Neither one-one nor onto
(b)

We have f(x)=(x-1)(x-2)(x-3) = f1)=f(2)=f(3)=0 = f(x) iS not one-one
For each y e R, there exists x e R such that f(x)=y . Therefore f is onto.
Hence, f:R — R is onto but not one-one.

Find number of surjection from A to B where A={1,2,3,4}, B={a,b}

() 13 (b)y 14 (c) 15 (d) 16

(b)

2
Number of surjection from Ato B = Z(—l)Z*r C,(r)’!
r=1

=) C,)* + (1) %C,(2)* =-2+16 =14

Therefore, number of surjection from Ato B = 14.

Trick : Total number of functions from Ato B is 2* of which two function f(x)=a forall xeA
and gx)=b forall x < A are not surjective. Thus, total number of surjection from A to B

=2%_2=14,



31

Sol.

32

Sol.

33

Sol.

34

Sol.

If A={ab,c}, then total number of one-one onto functions which can be defined from A
toAis

@ 3 (b) 4 (©) 9 (d) 6

(d)

Total number of one-one onto functions =3t

If f:R—>R, then fx)4 x| is

@ One-one but not onto (b) Onto but not one-one
(c) One-one and onto (d) None of these
(d)

f(-1) = f@)=1 ..function is many-one function.
Obviously, f is not onto so f is neither one-one nor onto.

Let f:R — R be a function defined by f(x) = ’)‘(‘_r: where m=n. Then
@ f is one-one onto (b) f is one-one into
(© f is many one onto (d) f is many one into
(b)
For any x,y e R, we have
0 =fy) = =Y"1 o x oy

X=n y-n
.. T is one-one
Let «eR suchthat fx)=a=2"M -y = x=-1=N<

X—n l-a

Clearly x¢Rr for «=1. So, f is not onto.
The function f:RrR — R defined by f(x)=e* is

(@) Onto (b) Many-one
(c) One-one and into (d) Many one and onto
(©)

Function f:R — R isdefined by f(x)=e*. Let x,,x, eR and f(x,) = f(x,) OF e** =e*?
x, =X, . Therefore fis one-one. Let f(x)=e* =y . Taking log on both sides, we get x = logy

. We know that negative real numbers have no pre-image or the function is not onto and
zero is not the image of any real number. Therefore function f is into.

n-1 ,whennisodd

35 A function f from the set of natural numbers to integers defined by f(n)= rf

Sol.

_E' whenniseven

, 1S

@ One-one but not onto (b) Onto but not one-one

(c) One-one and onto both (d) Neither one-one nor onto
(©)

f:N->I

f1)=0,f(2) = -1 f(3) = 1, f(4) = -2, f(5) = 2 and f(6)=-3 SO ON.



36

Sol.

37

Sol.

38

Sol.

39

Sol.

l
=
-

In this type of function every element of set A has unique image in set B and there is no
element left in set B. Hence f is one-one and onto function.
Which of the following is an even function

(@) x(ax 1} (b) tanx (© &2 @ P

a¥+1 2 a¥-1
@
We have : (x)= x[ai 1}
a’ +1

|
a’-1 X 1-a* a¥ -1

f(-x)=-x =-x| & =—X =x| —— |=f(x

0 [ax+lJ 1 [1+aXJ (ax+l] )

So, f(x) is an even function.

Let f(x)=x*+15, then the graph of the function y = f(x) is symmetrical about

(@) The x-axis (b) The y-axis (c) The origin (d) The line x =y
(b)

F)=VX* +15 = F(=x)= ()" +15 =Vx* +15 = f(x)

= f(-x)= f(x)= f(x) is an even function = f(x) is symmetric about y-axis.

The function f(x)=log(x +vVx2+1) iS

€)) An even function (b)  Anodd function
(© Periodic function (d) None of these
(b)

f(x) = log(x +vx2 +1) and f(—x)=—log(x +vVx2+1)=—f(x), SO f(x) is an odd function.
Which of the following is an even function

@  fx)= :X j (b) )= x(: j] © 0= :X ;:x (d)  fx)=sinx
(b)

In option (a), f(-x)=

a1 _1va __a +1__ 44) So, Itisan odd function.
a¥-1 1-a" a¥ -1

. N a’x—lz_ (l—ax): (ax—l): . .
In option (b), f(-x)=( i S e f(x) So, It is an even function.



40

Sol.

41

Sol.

42

Sol.

43

In option (c), f(x)=2—2 -
a’” +
In option (d), f(-x)=sin(-x)=—sinx =—f(x) SO, It is an odd function.

The function f(x):sin(log(x +\/x2+1)) is

@) Even function (b) Odd function
(© Neither even nor odd (d) Periodic function
(b)

f(x) = sin(log(x +V1+ xz))

= fe0=sinlogx Vo) = f(—x)—smlog[(m x)(“#1+X +X)J
1+x% +X)

= f(-x) = sinlog{

1 y) — qi f 2\-1
—(X+m)1 = f(x) sm[log(x+ 1+x%) }

= f(—x) = sin[— log(x + V1 + X2 )} = f(-x)= —sin[log(x N xz)} = f(-x)=—f(x)

. f(x) is odd function.

The period of the function f(x)= 2cos%(x -7 s

() 67 (b) Arx (c) o (d) i
(@)
f(x)= ZCOS%(X - = 2COS(% - %]
Now, since cosx has period 2z = cos[%—%} has period ZT” iy -
3

- 2cos(§-%) has period = 6.

The function f(x) = sin”—2X+ ZCOS%—tan% is periodic with period

@ 6 () 3 © 4 @@ 12
(d)
- sinx has period =27 = sm— has period = 7” 4
2
- cosx has period =27 = cos— has period = 27” =6 = 2cos% has period = 6
3
-+ tanx has period = = tanT has period % 4.
4

L.C.M. of 4, 6 and 4 =12, period of f(x) = 12.
The period of | sin2x| is



@ (O © - @ 2
Sol. (b)

Here | sin2x|= vsin? 2x = O‘LZS”)

Period of cos4x is % Hence, period of | sin2x| will be %
Trick : - sinx has period =2z = sin2x has period :27”:”. Now, if f(x) has period p then

| f(x)| has period %: | sin2x| has period :%.

44

Sol.

45

Sol.

46

Sol.

47

Sol.

If f(x) is an odd periodic function with period 2, then f@)equals
(@ O by 2 () 4 d -4
(@)

Given, f(x) is an odd periodic function. We can take sin x, which is odd and periodic.
Now since, sinx has period = 2 and f(x) has period = 2.

S0, f(x)=sinzx) = f(4)=sin(47)=0.

The period of the function f(x)=sin®x IS

@) (b) x (c) 27 (d) None of these

(b)
.2 1-cos2x
SIN® X =

2

= Period = 27” = .
The period of f(x)= x—[x], if it is periodic, is
(@) f) is not periodic (b) % (©) 1 (d) 2

(c)
Let f(x) be periodic with period T. Then,

fx+T)=f(x) forall xeR = x+T-[x+T]=x-[x] forall xeR = x+T-x=[x+T]-[x]
= x+T]-[x1=T forall xeR = T=1234,..

The smallest value of T satisfying,

fix+T)=f(x) forall xeRr is 1.

Hence f(x)=x -[x] has period 1.

The period of f(x) = sin(%} + cos[%), nez, n>21is

€)) 2mn(n-1) (b) 4n(n-1) (©) 2n(n - 1) (d) None of these
(c)

f(x)=s in(ij + cos(ﬁ]
n-1 n
Period of sin(%j — 2% __3(n-1) and period of cos(%j _ 2% _on
) 7

Hence period of f(x) is LCM of 2n and 2(n-1)= 2n(n-1).




48

Sol.

49

Sol.

50

Sol.

51

Sol.

52

Sol.

53

Sol.

be

two fixed

positive integers

such that

1
fa+x) = b +[b® +1—3b2f(x)+ 3b{f(x)}* —{f(x)}*]® for all real x, then f(x) is a periodic function

If a,b
with period
@ a
(b)

b 2a

(©)

b

fla+x)=b+@+{b—fO)P)® = fla+x)—b={L-{f(x)-b}}'3

=
=

ga+x)={1-{s)F¥y"°

f(x +2a)—b = f(x)—b = f(x + 2a) = f(x)

. f(x) Is periodic with period 2a.
If f:R>Rf(x)=2x—-1 and g:R >R, g(x)=x2 then (gof)(x) equals

(a)
(b)

2x2 -1

(b)  (x-1

gof()=g{f(x)} = g(2x-1) =(2x -1)*.

If f:R>R,f(x)=(x+1)? and g:R — R,g(x) = x2+1, then (fog)(-3) is equal to

(a)
(@)

121

(b) 144

(©)

(©)

4x% —2x +1

112

fog()=F{g ()} = f(x* +1) =(x* +1+1)? =(x*> + 2)> = fog(-3)=(9 + 2)* =121 .

Which of the following function is invertible

(@)
(@)

A function is invertible if it is one-one and onto.

f(x) =

2)(

(b) f(x) = x> —x

(©)

f(x) = x2

If gx)=x2+x-2 and %(gof)(x)=2x2—5x+2, then () is equal to

(a)
(a)

2x -3

(b) 2x +3

(©)

g(x) = x* +x =2 = (gof)(x) = gIf()] = [FE)I* + f(x) - 2

Given, %(gof)(x) =2x2-5x+2

2x2 +3x +1

%[f(x)]z +%f(x)—1 =2x%-5x+2

(d)

(d)

(d)

2b

[600=1f00-b] = ¢(x+22) = {1 -{s(x +a)}’}'* = 4(x)

x2+2x -1

11

(d) None of these

(d)

2x2 -3x -1

= [FO)P +f(x) = 4x2 —10x +6 = fOO[f(x)+1] = (@Xx —3)[@2x —-3)+1] = f(x)=2x 3.

If f(y)=—L—, g(y)=————, then (fog)(y) is equal to
J1-y? Ji+y?
y y

a b
@ — (b) v
(©

2 2
o) = LY Y LY

;i

y

J1+y?

(©)

= X :y
Jz Ji+y? ey —y?




54 If f(x)= 2"_ 3 then [rgrooy equals

@ x (b)  x © 2 (d) _%

Sol. (a)
2[2)( —23j_3
ff(x )]_WZX
X -2

55  Suppose that gx)=1++/x and f(g(x)) = 3 +2vx +x, then f(x) is

€)) 1+2x2 (b) 2+x? (c) 1+x (d) 2+X
Sol. (b)

g0 =1+x and fg)=3+2vx +x  ..... (0

= f(1+\/;):3+2\/;+x

Put 1+Vx =y = x=(@y -1y

then, f(y)=3+2(y -1+ -17? =2+y?
therefore, f(x)=2+x2.

-1, x<0
56  Let gx)=1+x-[x] and f(x)={0, x=0,then forall X, f(g) is equal to
1, x>0
(@ x b 1 © d 9

Sol. (b)
Here gx)=1+n-n=1x=neZ
l1+n+k-n=1+k, x=n+k (wherenez, 0<k<1)

-1, g(x)<0

Now f(g(x))=4 0, g(x)=
1, g(x)>0

Clearly, g(x)>o0 forall x. So, f(gx) =1 forall x.

57 If =7 2X+1 then (fof)) is equal to

(@) 1 by 3 () 4 d 2
Sol.  (d)

Here f(2)=%

5
5 2x—+1
Hence (fof)(2):f(f(2)):f(—]: 4 _p.
4 5
3XZ_2
58 If f:R—>R and g:R—»R are given by fx)4 x| and gx)=[x] for each xeRr, then
{x e R:g(f(x)) <f(g(x)} =
(@  Zu=0) () (=0 (o 2z (d R
Sol. (d)

a(f(x)) < flg(x)) = g( x)) <f[x] = [| x] g [x]| . This is true for x e R.

59 If f:[L, o) —[1, ) isdefined as f(x)=2*" then f*(x) is equal to



Sol.

60

Sol.

@ (& ®)  Lhe|ivaosx)

() %(1_1/7“4.092 x) (d)  Not defined
(b)
Given f(x) = 2**D = x(x —1) = log, f(x)

1+,1+4log, f(x)

= x?-x-log, f(x)=0 =x = 5

only x=* Vl+42|°gz "™ Jies in the domain

f(x) = %[1 +/1+41log, ]

If the function f:R - R be such that f(x)= x —[x], wWhere [y] denotes the greatest integer
less than or equal to y, then f2(x) is

@) ! (b) [x]-x (c) Not defined (d) None of these

x —[x]

(©

fx)=x-[x] Since, for x=0 =f(x)=0
For x =1 =f(x)=0.

For every integer value of x, f(x)=0
= f(x) IS not one-one

= S0 f*(x) is not defined.



FUNCTIONS

EXERCISE - 1(B)

Ql (D)

Domain of [sec™ (Z_TM)

sec™x is always positive

2—|x]| 2—|x|
So, >1 or <-1
4 4
=2-|x|>4 or 2-|x| <-4
=|x|<-2 or |x|>6

= Xeg[—00,—6] U [6,x0]

Q2 (D)
2_
£(x) = log x2 5X+6 N 21
X“+X+1 [x*-1]
2_
XZLXWLGSO and [x*-1]>0
X“+Xx+1

= (x=2)(x-3)>0 and x*-1>1
= xe(-0,2)U(3,0) and X e[~00,—V2 U2, o]

= X e[—0,—/2]U[V/2,2]U(3,)

Q3 (A
f(x):sin1(1_|X|j+cosl(|x|_3J

3 5
—1sl_|x|31 and —1s|x|_335




=-3<1-|x|<3 and =-5<|x|-3<5

=>4>|x|>-2 and =-2<|x|<8
So,xe [-4,4] and xe[-8,8]
Q4 (B)

f(X) =20 —303+1

Xy -3(x}+1=0
— 2031 ({3 -1)>0

:{X}e(—oo , %ju(l,oo)
But {x} hasrange (0, 1) only so, {x}e[o,ﬂ and x=[x] + {x}

in(-1,1), X€|:—1+O,—1+%} U {0+0,0+%} w{l+ 0}

= X€|:—1, —%} U [O%} u{l}

Q5 (D)
f (x)=4/cos(sin x) +./log, {x}

-1<sinx<1 and 0<{x}<1
1> cos(sin x)>cos1 So,x#n, nel
Hence, xe R log,{n}>0

= x<1, x>0, x=1
So, xe(0,1)
Q6 (D)

JIXI-1+ X2



= x*>1-[X]
Hence forx>1 & x<-3

For, xe(-1,1), x*<(0,1)

And1-[x] > 0. So, not satisfying inequality.

For, xe(-2,-1),[x]=-2
=x*>3

S0, x&(—,~\/3) U3 %)
Hence, x e[-o, /3]
From (1), (2), (3)
xe(-o0,~f3) U (1,00)

Q7 (D)

f(x)=sin‘{'°92(x?zﬂ
o] o

2

= -1< Iog{%} <2

2
= SX—<4
2

N[

=1< x?< 8

So, xE(—zJE,—l)u(l,zJE)

Q8 (C)

¥4 2/ =2

[.] > GIF



=2'0=(2-29)

= f(x)=log,(2-2%)
So, 2-2*>0
=>2"<2

= xx<1

Solution : (—o0,1)

Q9 (B)
f (x) has domain [-1,2]

For f([x] —x*+4) to have real value.

—1<[x]-x1+4=2 7

5 2x2[x] 22 7

X*> 2+[X] x* <5+[x]

is always true for x > /3 is always true for x < /7
and x < -1 and x > —+/3

S0, Xxe(—o, —1) U (v/3,) xe(—/3,7)

Solution : xe[—/3 ,—1]U [{/3, V7]

Q.10 (C)

1
f(X)=———
() 1-2cosx
-1< cosx<1
=-2<2c0sX <2

=3>1-2cosx >-1



1 1
<

= <
1-2cos X 1-2cos X

1
S0, xe (—o, —1)u[§ , ooj

Q.11 (D)

f(x) =sin™ x + tan™" x+cos~

1
>
3

Lx

=(sin™ x + cos™" X) + tan~" x

=Z 4 tanx
2
But xe[-1,1]

So, % < tanx <
4

Z<Z 4 tantx < 3

4 2 4

Hence x e 1,3—”
4 4

Q.12. (B)

f (x)=sin™"| x* +ﬂ+cosl[x2 —1}

=sin?| x* + ﬂ +cos™t ([



Hence, {xz +ﬂ ={0,1}

Hence, f (x) e {7}
Q.13 (C)

f(x)=sin™

NG +x+1)

—_

Nlw

X2+ X+1>

= X2+ x+1 2@
For sin*+/x%+x+1 to be defined
?s\/x2+x+1£1

= sin™ (?} <sinyx*+x+1<sint1

XZ

N1+ X2

hence range of f (x) : [Oﬂ

Range of : [0,1]



Q.15 (D)

f (x)=+/In (cos sin x))

-1<sinx <1

cosl < cos (sinx) <1

or Incos(sinx) <Inl

For square root to be defined, Incos(sin x)>0
hence Incos(sin x) =0.

Range of f (x) : {0}

Q.16 (D)

x-1

f(x) = ———
() x?—2x+3

Discriminant of x*—2x+3 is negative so x* —2x+3 is always positive

x-1 1

T(x-)P+2 (x—1)+i
x-1

f(x)

So, forx > 1, (x—1)+(ilj > 242
X—
1 1

So, <
(x-1+ 2 22
x-1

Similarly, x<1, 1 > !

(x-D+_2 22

o, 10| <5 7 |



Q.17 (D)

2
f(x)= cosl(lzx ]+ 2—x?
X

1+ x? 1+ x?

>1 or
2X 2X

IA

-1

So,x=1 and x=-1 are the 2 points in domain.
So, f(1)=0+1

f(-)=n+1

So, Range ={1,1 +x}

Q.18 (D)

tan (7 [x* —x])
1+sin(cos x)

f(x)=
Domainis R

-+ [-]is an integral value so, 7[x*—x] is an integral multiple of 7.
hence tan(z[-]) =0 V xeR

Range ={0}

Q.19 (D)

- e" isan increasing continuous functionand [ x + 1] >1
Hence, Range will be [1, «]

Q.20 (C)

1
1-f(x)

f(x)=$,x¢1:f(f(x))=



1

-1
1-x

:X—_l,x;to, x=1
X

Further f(f(f(x)))= %2()_1

1
_1-x

-1

X, x#0,x#1
1-x
—x, x#0,x#1
Q21 (A)
f(g(x))=sinx
g(f (x))=sin”v/x
So, f(x) =+/x & g(x) =sin’x

Q22 (A

X if x is rational

Given f(x)=
() {1—x if xis irrational

f(x) if f(x) is rational

So, f(f(x)):{l_f(x) if f(x) is irrational

i if x is rational
= f(f(x) = 1-(1-x) if xis irrational
Hence f (f (X)) = x.

Q.23 (D)

2 if x<
£ (x) = X |.fx_0
X if x>0



(F(x)? if f(x)<0

f(f(x)):{f(x) if f(x)>0

Now f (x) can’t be less than 0 hence

f (f (x)) =f (x) for all values of x.

Q.24 (A
f(x) = sin(sinx) + e™™
sin”(sin x) has a period of 27

and e®™ has a period of 7
So, period of f(x) = LCM{~r, 2r}i.e. 27

Q.25 (D)

(A) % =2 = 2™

Now 2T =2 = (x4 T} = {x} = T=1.

(B) sin{x+Th=sin {x} = {(x+ T} ={x} = T=1

(C)sin™ (5in(x-+T) | =sin(\5inx) = sin (x+ T) =sinx= T =2z
(D)sin™*(cos(x+T)?) =sin* (cos(x)* ) = cos(x+T)* = cos(x)*

Function is non periodic.
Q.26 (C)

cos (sin (nx))
g
tan| —
n

Numerator has a period of (Zj
n

f(x)=

, h eN has period 67

Denominator has period of nz, where nel



So, period of f (X) = LCM {% n;r} =nr=6rx

=>n=6
Q.27 (A)
f (x)=sin 37{x}+tan z[X]
As [x] is an integer hence tan z[x] is always equal to 0.
f(x+T) = f(x) = sin(3z{x+ T}) =sin (37{x}) = 3z{x+ T}=nz +(-1)" (37{x})
or {x+T}r=n+(-1)"(3{x})
(i)n=2m :>{x+T}—{x}:2?m

As 0 <{x+T}—{x}<lhence m=0
=>{X+T}={x}=>T=1
2m+1

(i) n=2m+1={x+T}+{}=

As 0 <{x+T}+{x}<2 hence m=1
S>{X+TH+{x}=1=T=1

Therefore period is 1.
Q.28 (B)
f (x) = sin(cos x)— x +tan(sin x) ¥ x e (0, ).
If f (x) is defined in (0, ), then odd extension of f (x)=—f(-x) in (-a, 0).
So, odd extension of f (x)=sin(cos X)+x—tan(sinx) V xe (—x,0).
Q.29 (C)
(A) 9()-g(=x) = f(x)

f(=x)=9(=)-(9(x))

=—(9(x)—9(=x))

Therefore it’s an Odd function.

(B) Similar as (A) odd function.



x*+x%+1
X +X+1

€ f(x)= Iog[ 7
f(—x)= Iog[

:_|09(M] % — f(x)

x*+x2+1
X2 —x+1

X'+ x*+1
So it’s not an odd function
(D) xg(x)-g(—x) +tan(sin x) = f (x)
f (—x) = =xg(—x) - g(x) + tan(sin x)
=—(xg(x) - g(—x) +tan(sin x))
0=-f(x)
It’s an odd function.

Q.30 (B)
f:[-4,4>{~,0,7} > R

2

f (x) = cot(sin x) {IX_I} is an odd function
a

Then f(=x)=— f(X)

2 2
= —cot(sin x)=[%}=—cotsin f {X—}

EY

=lal < x*
=lal> (x*)

max

=|a|>16



ae (—o0,—16) U (16, )
Q31 (B)
f:(2,0) > (-,4)
f(x) =x(4—x)

= x* —4x
fi(x)=-2x+4=0
—x=2, f(2)=4

Hence, function is bijective in (2, ©) — (-, 4)
y=x(y—x)

=X’ —4x+y=0

L AxJa6-4y

2

=x=2+[4-y

Hence, f1(x)=2+4-x

Q.32 (C)

A={l,2,3,4}

frA—> A

f(2) =2 f(4)=4, f(1)=1

If £(3)=3,then f(2)=4, f(4)=2, f(1)=1
If £(3)=2,thenf(2)=4, f(4)=3, f(1) =1

If £(3)=4,then f(2)=3, f(4)=2,f() =1



Q33 (A)

_ 1
fi(~o,1) > (E , ooj
f(x) = 2°02
g(x) = x(x—2) = x> —2x

V xe(—,1) g(x) isone —one

and for, V xe(—o0,+1),g(Xx) € (-1,)

Hence, f(x) e(% , ooj

Hence, f(x)is invertible.
y — 2x(x—2)
=x*-2x=logy

=x*-2x—-logy=0

So. x— 2+./4+4logy

’ 2

Hence, f (x)=1—./1+log, x

Q.34 (O
f:R >R

f (x)=ax+cosx is invertible function
So, f(x)should be injective

fora=0, Range is R

So, f(x) to be one—one

f'(X) >0 = a-sinx >0

=a>sin > a>1



or, T '(xX) <0=a-sinx<0
—assinx => a<-1

S0, ae (-,-1) U (1,%)

Q.35 (C)

f (x) =cot ™ log, (x* —2x* +3)

2
X' —2x*+3 = (X*-1)*+2

Hence, (x* -1)*+2>2

=g(x) = log, [(x2—1)+2] <-1

Hence, —o0 < g(x) < -1
So,cot™(—1) < cot™(g(x)) < cot™ (—x)

:37” <f(X)<7x

Q.36 (C)
f (x)=sin (x+3—[x+3])
=sin({x+3})
=sin({x}
Hence, period of f (x) = 1.
Q37 (B)
f(X) =X +bx+c
if f(2+t)="f(2=t)=> f(x) is symmetric about x = 2
Hence, f(x) is minimum at x = 2
Hence, f (1) = f (3)> f (2)

f(0)=f(4)>f@Q)=f@)>f(2)



Hence, f(4)> f (1) > f(2)
Q.38 (A)

f(x+ay,x—ay)=axy

Let, x+ay=u
X—ay=w
So, (oUW | y:(u—W]
2 2a

_ 2 42
Hence, f (u,w) = a-(UHNj(U Wj _4-w

2 2

So, f(x,y)=2 ;y

Q.39 (D)

[XH3=1 = {x}=——
[x]

0<{x} <1, hence, [x] > 2
So,for [x]=1;1>2

x=[x]+i =I+%

[x]

So, solution ={m + 1 Ime N —{1}}
m

Q.40 (A)
f (X) = 2tan 3x+5v1—cos6x

= 2tan 3x +5[sin 3x|v/2

Period of tan3x is % and period of |sin 3x| IS %



So, period of f (x) = %

Hence, g(x) has a period = %

(A) (sec® 3x +cosec”3x) tan® 3x
=3+tan* 3x has period %
(B) 2c0s3x +3c0s3x = /13 coS(3X+¢)

] 27
eriod =—
P 3

(C) 24/1—cos’ 3x + cosec3x

=2 + COoSec3x

. 3X
sin —
2

] 27
eriod = —
P 3

(D) g(x) = 3 cosec 3x + 2 tan 3x

Period of cosec 3x = %ﬂ and period of tan 3x =

Hence period of g (x) = %ﬁ

T
3



Exercise 1 (C)

Q1 (B)

= Iogl(x2—5x+7)>0

2

—=0<x?-5x+7<1
= xe(2,3)

Q2 (B)

= log, (x* —6x+11) <1

—=0<x?-6x+11<3

= Xe (2, 4)

Q3 (D)

In this case base is variable. Thus we must take two separate cases:

(i) x| €(0,1). In this case we have to ensure that 0 < x* + x + 1<1
= Xe [—1, O].

= Common part of x| €(0,1)

=And x e[-1,0]is xe(-10).

(i)  [x|>1.Inthis case we must have x* + x + 1 >1

= X &(-0,1)U(0,).

— Common part of [x|>1and x & (—o0,~1)U(0,00)is (—o0,—1) is (—o0,—1) U (L)
= Thus, the final solution is X & (—o0,—1)U(~1,0)U(1, =)

Q4 (C)

= Using wavy curve method and the fact that x = 0 and 3 are the repeated roots of



X (¥ —1) (x + 2) (x — 3)? we get the sign scheme of the given expression as

| + N + : +
-2 0 3
= Thus complete solution is x e (—o0,-2]U(0,3).
Q5 (B)
2
= X <1
x-1

= x* <|x-1|,x =1

= Adjacent figure represents the graphs of y =x?and y =|x 1|

= Solving x? = 1 — X, we get

vt

1
w

y=|x-l|

= Thus solution is {_1_2\/5 , _1;\/5}

Q6 (D)

= ‘xz —1+cos x‘ = ‘xz +]J +|cos x| . It implies that (x2 —1) cos >0 bacause|x+Yy| =|x|+|y|if y>0. Sign
scheme of (x?— 1) cos X is




= Thus solution is [—g , —1} U [1, E} U (—Zn, 3—“}

Q7 (D)
= [X]?-5[x] +6=0
—[x]=23

:>Xe[2,4)

Q8 (D)

[
- Iog{[z—]jzo

=-—21

[x]

= It implies that ‘x’ is any positive real number greater than of equal to one or ‘X’ is nay non zero integer.

Q9 (B)

=2 [x] =x+{x}

=2 [x] =[x] +2{x}

:>{x}:7

:OSM<1
2

= 0<[x]<2



=[x]=0,1
=For[x]=0,weget[x] =0

=Xx=0

N |~

—For [x] = 1, we get {x} =

3

=X==
2

Q.10 (B)

= [X]? =x+2{x}

= [x]* = [x] + 3{x}

:[x]eil_*/ﬁ,o}u{1,l+*/l_3J

2

:>X=—1,0,l,§
3 3

Q11 (C)



= [xX]+x—-a=0

= ‘X’ 1 has to be an integer
=a=x2+x=x(X+1)

= Thus ‘a’ can be 2, 6, 12, 20

Q.12 (D)
= [x+[2x]] <3

= [x]+[2x]<2
= Any non-positive real number will satisfy this inequality.
. 1
=Now if x e (O’EJ
=[x]=0,[2x] =1
= inequality is still satisfied
3
=For x e(l,aj,[x] =1[2x]=2
= inequality does not hold true.

= Thus, x (—0,1).

Q.13 (B)
6-3x , x<1
4—-x , 1<x<2
= We get, f(x)= <
X , 2<x<3
3X-6 X>2
-3 x<1
-1, 1<x<?2
:>f'(x):
1 , 2<x<3
, X >3

= Thus f(x) decreasing for x < 2 and increasing for x > 2.

=Hence, f(x)|..=f(2)=2.

min



Q.14 (D)
= [5sinx] +[cosx] =—-6
=[5sinx] =-5,[cosx] =-1

— -5<5sinx<—4,-1<cosx <0
) 4
:—135|nx<—g,—1s cosx <0

= X+sin™ 4 <x<3—7c
5 2

= Now f(x)=sinx+ 3cosx:25in(x+§j

T . (4 T 3n =@

=we have, we have, T+ —+sin" | — [<X+=<—+=

2 5 6 2 3
:>—1£sin(x+£j<—£
6 2

Q.15 (C)

= y =|sinx|+|cos x|
= y? =1+[sin 2]
=1<y?*<2

= ye[l,\/ﬂ
=f(x)=1V xeR

Q.16 (B)

— Graph of y=2""and y =|sinx| meet four times in [0, 2x].

—> Thus, total number of solutions

=>4+4+4+2=14



O n 2n

Q.17 (A)
= For function to be one-one, each element of set A must have different image in st B. We first of all choose

any 'm' elements in st B. This can be done in "Cr, ways. Now one-one correspondence of elements of set A

with these selected elements can be done in m! ways. Thus total number of one-one functions will be equal
to "Cm.m! i.e. "Pm.

Q.18 (A)

=>2X+3+4-5=0
XBEERERE
5 5 5
2 X 3 X 4 X
= Clearl X)=|=1| +|=| +| =] -1
Y o) (5) [5) (sj
= is a decreasing function and Also g (0) = 1.
= Thus, f (X) = 0 has exactly one root.

Q.19 (D)

= There are exactly six solutions.

Ifn |x||
sinmx
0
_3\7 -1

1\/2 3 X

Q.20 (B)



\ , There are exactly 2 solutions.
\ 7! 0 $—* 1

Q.21 (O

= Clearly, f(x)=<x %<x<1

x?, x>1
U3
)’XVy:xz
L
[~ Y64
Of 1 vl
8 4
22. ©

Standard fact : Domain of (f + g)(x) = Domain of f(x) m Domain of g(x)
23. (D)
If f(x) = f(y) implies only & only x =y, then f(x) is injective.
Hence f(f(f(x))) = f(f(f(y))) will imply only x =y when f(x) is injective.
24. (C)
If f(X) is even, then
f(—x)=F(x)= (—ax+b)cosx —(—cx+d)sinx = (ax +b)cosx +(cx+d)sin x

= 2axcosX+2dsinx =0



25.

26.

27.

28.

—a=d=0.

(A)

3sinx—4cosx+6 =5sin(x—o)+6, where a :tanlg

Now y = — L :>53in(x—oc)+6:1
3sinx—4cosx+6 y
:sin(x—on):ﬂ
oy
:>—1sl_6y <1
oy
1
_'1
:ye[n }
(B)

f(a,)=b, &f(a,)=b, =f(a,) can be chosen in 3 ways
Now f(a,)&f (a,) can be chosen in 3x2 ways

Hence total number of injective functions = 3x3x2=18.

(©€)
Domain of f(x) is [-1, 2]

Now v2—Xx +V1+x =y = 242+ x—x? =y? -3
=y*>3 & (2x-1)" =6y -y

As x lies in [-1, 2], hence range of (2x—1)" is [0, 9]
Hence 0<6y*—y*<9 ory'—6y*+9>0& y*-6y*<0
—y<+6

wye[A].

(D)



29.

30.

f(x) = log(2 + cos 3x)
(A)  Domain : (—o,0) as 2 + cos 3x is always greater than 0.
(B) Range: log(2+cos3x)=y=cos3x =¢e’ -2
Hence —1<e’-2<1
=0<y<In3.
(C)  f(—x)=log(2+cos3x)="f(x), hence f(x) is even.

(D)  Ascos 3x is periodic hence f(x) is periodic.
(©)

Letax+b=vy.

Interchanging X & y gives ay + b = x

X—-b
S>y=—-
a

Now ax+b:§—9:>a:1&b:_9
a a a a

ora=1b=0 &a=-1beR.

(D)
Given f(x)=log 1x
10 1—X
1-x 1+x
(I) f(—X):Ioglomzf(—X):—long:—f (X)

f(x) is odd, hence graph is not symmetric about y — axis.

(1)  Domain of f(x) is (-1, 1).

Now 2si+—x<oo:>|og102s|ogmﬁ+—xj<oo.

Hence graph can’t lie in IV quadrant.

(1 As f(x) is odd hence graph is symmetric about the origin.



31.

32.

33.

34.

(IV)  Clearly f(0) = 0 hence graph passes through the origin and lies in | & 111
quadrant.

(B)

2" +2' =1=y=log, (1-2")
Hence for domain, 1-2* >0

=2 <1 or x e(—»,0].

(D)

f is even hence f(—x) = f(x)

g is odd hence g(—x) = — g(x)

—X

Now f(x) + g(x) = & = f (-x)+g(—x)=e™ or f(x)—g(x)=e
Hence (F (x)+9(x))(f (x)-g(x)) =¢"¢”
=f*(x)-g°(x)=1.

(B)

3<n<4=[n]=3 &[-n]=—-4

Hence f(x) = cos 3x — sin 4x.

Period of cos 3x = %ﬁ & period of sin 4x = g

Therefore period of f(x) = LCM {%g} = 2m.

(©)

Number of ONTO functions from domain containing n elements to a codomain
containing r elements is

M —"C,(r-1)"="C,(r=2)" +..+(-1)" 'C., (r-1)’

Hence for the given data, number of ONTO functions is

3 -°C,x2°+°C,x1° =540.



(A)

Image of (5, k) in x =y is B(k, 5).

As B lies on y = f(x) hence k = 2.

Reflection of B(2, 5) in origin will be (-2, -5).
(D)

P(x?+1)=(P(x)) +1=P(x)>0
P(0)=1=P(1)=2,P(2)=5P(-1)=2..etc
Clearly P(x)=x*+1.

(A)

f(x)= cos(\/ix)+cos(\/§x)

. 21 . 21
Period of cos(+/2x) === & period of cos(~/3x
[V2x)= 7 &7 (V%)=
As LCM of —= doesn’t exist hence f(x) is not periodic.

N

Also at x = 0 f(x) = 2 which is clearly the greatest value of f(x) as cosine has a

greatest value 1.

cos(\/ix)+cos(«/§x):03Zco{ﬁ;\@x]cos(ﬁ_\@xJ:O

J2+43 J_ 2+ «/_
Hence y = f(x) cuts the x — axis.
As f(—x) = f(x) hence f(x) is even.

(D)

Let nSX<n+%, then [x]+[x+ﬂ:2004:> 2n =2004 or n=1002



If n+%SX<n+1, then [x]+[x+ﬂ:2004:> 2n +1= 2004,
but n can't be non integral.

1
Hence 1002 < x < 1002+§'

39. (B)

Refer the following graph :

yll

0 B b 3_1 2T J:-
Q.40 (D)
= Only in D, the graph has a symmetry w.r.t. origin
Q.41 (C)

f(x):‘sin32x‘+‘cos3 2x‘
= f(x) =sin® 2x +cos® 2x+%‘sin34x‘
3., 1.,
= f(x)=1-=sin 4x+—‘sm 4x‘
4 4
Now periods of both sin’ 4x & [sin®4x| are % hence the period of f (x) =|sin® 2x|+|cos® 2x| is %

Q42 (C)

We have for cos™(1-x)>0



also, 10-3**-9**-1>0
=10-3*-9*-9>0
—=10-3*-3*-9>0

=3 -10-3*+9<0

—(3*-1) (3*~9) <0

=1<3<9

=0<x<2 ... (2)

from (1) and (2)

=0<x<?2

Q43 (A)

Note that f is bijective hence f~1 exist
—wheny=4

=2x3+7x-9=0

=2 (X-1)+2x(x-1)+9(x-1)=0
= (X—-1)(2x?+2x+9)=0
=x=1only =A; as 2x? + 2x + 9 = 0 has no other roots

Q44 (A)

4 : f(sinx)—i and f (cosx) =

f — — —__ T .
=1(x) 1—x2 |cos x| [sinx|’

—hence g(x)=|sinx|+|cosX|

Q.45 (C)



=when p :g then D" — cosx +sinx = g cannot be the period]

Q.46 (B)

—AP=x;MN=y: BD=22

= Hence, y__ 22 -x = A'sCNM and CDB are similar y = 2(2\/§—X)
22 2

2

:f(x):x—zyzx(zﬁ_x):z_(x_ﬁ) N

f(x) =2 when X =2 M
TH(x),., - _2/2
f(x) . =0 whenx=2 A B
Q.47 (A
(A):in'f(x):— x >0, x #1for both
g(x) Inx’ In x '
X
(B) :Tlx)z%;g(x)zln% Tlx) is not defined atx =1 butg (1) =0
Inx
X Inx
C f(x)- =—-—=1 |f 0, 1= N.L
(C) = f(x)-9(x) Ty ifx>0, x#1=
D) = 1 = ! =1 onlyforx>0and x #1]
f)a(x) x Inx =
Inx X
Q.48 (A)

= An equation of this kind is called a functional equation, and can often be solved by choosing particular

f(l
values for the variables. In this case, by choosing x = 1, we see that f (y)= Q forally. puty=30; f (1) =
y

f(1)_s00_,.

30-(30) = 30-20 = 600. Now f (40)== ="~

Q.49 (C)

=f (X) =sin®> + (1 —sin®)? + 2



=3 —sin?x + sin* x
=3 — sin®x cos?x

sin’ 2x

= 3-

Q.50 (D)

= D, means range of the function
=let y=+1-2x +x

= (y-x)>=1-2x

=y - 2xy +x?=1-2x
=>x2+2x(1-y)+y*-1=0
=as, XxeR,D>0

= 4(1-y) 24(y*-1)
=1+y?-2y>y* -1

= -2y>-2

=>y<l1

:>ye(—oo,1]

= Alternatively: f'(x)=1-
=1-2x=1

=x=0

:>f(—oo) =—>—00

Q51 (A)
= h(x)=In(f(x)-g(x))=In e =yl 4 [y]=y=e"sgnx
e* if x>0
= h(x):e‘x‘sgnx: 0 ifx=0
- if x<0
e if x<0
=h(-x)] 0 ifx=0
- ifx>0
=h (xX) + h (- x) =0 forall x

Q.52 (D)



A f (x) =x* +2x% —x* +1— A polynomial of degree even will always be into

2n-1 2n-2

=say, f(x)a X" +ax*" " +a,x*"? +......+a,,

ifa, >0
= Limit f (x)=Limit {xzn(ao+i+a—g+....+a_g;ﬂ:[°° :
X X

X—>+00 Xt —oo if a, < 0

. . o0
Hence it will never approach —
—00

(B) f(x)=x3+x+1
=1 (x) = 3x? + 1= injective as well as surjective

C) f(x)=+v1+x°

= neither injective nor surjective (minimum value = 1)

=fx)=x3+2x2-x+1

= (x)=3x2+4x -1

=D>0

= Hence f (x) is surjective but not injective.

Q.53 (D)

Let f (x1) = nand f (x2) = m, x1, X2 (a,b)with n > m (say). According to the intermediate value theorem,

. 1 . . . 1.
between x1 and x, there must be some value x for which f (x)=m +§wh|ch Is impossible since m +E IS not

an integer.

Q.54 (D)

9

—then f (% , %} = (max (% : %Dmin(“j = (%)i = g

Q55 (A)

_¢€*Inx 502 -(x-2)(x-5)

=1(x) (2x—-3)(x—4)




= Note that at X = N & x =4function is not defined and in open interval (g4j function is continuous.

(+ve)(—ve)(—ve)

= Lj'in e (ve) 7
~ Lim— (+ve)(+ve)(—ve) L
ST (ve) (<ve)

= In the open interval (24) the function is continuous & takes up all real values from (—oo,oo)

= Hence range of the function is (—oo,oo) orR

Q.56 (D)

f2(x)-f(x)-6>0
= (f(x)-3)(f(x)+2)=0

=f(x)>3 or f(x)<-2
—given xe(0,0) =  xe(0,x)

= ~.f(x)>3 =  xe&(—0,0]
=f(x)>-2 = Xe(—oo,5)

= f(x)<-2 = X &[5,0)
Q57 (C)

=f(x) = f 1(x)

=f(x) =x

= (x+1)?-1=x

=x2+x=0

=x=0o0r-1

Q.58 (D)

X £(X) = x if x is rational
|0 if x is irrational

=g (X) = sin x near. x — 7 though rational then x f (x) - = butg(x) > 0 = xf(x) > g (X)
=g (x) = x is negative for negative irrational x while x f (x) is 0 ; x f (x) > g (X)

=g = x2 is smaller than x for 0 < x <1 and rational; so x f(x) > g (x)
=0 (x) = Ix | equals x f (x) for x positive and rational, is larger than x f (x) for x irrational.

Q.59 (D)
PX+1>2x-8

h(X) :X+1 C2X~8 .ZX—8 Cx+1’
= X<9 2X-8=2x+1= x=9



=Hence x =9

= Domain of h (x) = {9}
—=Rangeofh (x) =1
Q.60 (C)

If f (X) = mx + b, then f(x) = X?_b and their point of intersection

= Can be found by setting x = mx + b since they intersect on y = X. Thus X = %and the point of

= Region R can be broken up into congruent triangles PAB and PCB which both have a base of b and a
height of L
1-m

2
=Thearea of R is (Z—ij(ij= b =49.For m:i,bzzg.@

1-m 1-m 25 25
28

=b=—
5

Q61 (A)
=9-x*>0

= -3<x<3

= Also 9—[2x+5/>0
—-9<2x+5<9
=>-7<x<1

Hence domain of f (x) is [-3,2)

=2 = 40%
5
Q.62 (D)
— 1 fx)=xandg(x)=1—x orf(x)=xandg(x)=—x

1 f(x)=xand g (x) =x3
i f (x) = sin x which is odd but not one-one

U



Q.63 (D)

Q.64 (D)

= Replacing x by g— x; f (cos(g — XD = cosl?(g_ x)

=T (sin x) = sin 17x = g (sin x)

—=hencef=g
Q65 (A)
y =2 loga X
_y
:>Iogax—2
y
= X =a?
b+c
= f*(b+c)a? =f"(b)-f*(c)
Q.66 (D)
p=2" _p
[a]
Hence \/[a] =2
= (A)=14
=4<a<5
Q.67 (C)
20(x)+fl-x)=x> .. )]
f(x)+2f1-x)=1-x)* ... (2)
g
&~ () = 2x°~{1-)
3f(4)=32-9=23
23
f(4)_§

Q.68 (B)



F(x) =0 @ f (x+y)+f (x-y)=KT (x)f ()

- a4 a . a7+ a k[ax +a j[ay n a‘yj

2 2 2

=k=2.

Q.69 (A)

= A one to one function and its inverse are symmetric across the line y = X. Thus x and y intercept are
interchanged and the sum is the same i.e. 5.

Q.70 (C)

= x(x+3)=0

=>x>0o0r x<-3

and —1<x*+3x+1<1

= X(x+3)<0 and 22 + 3x + 23 which is always true.
Hence -3<x<0

Hencex =0or -3
=x={0,-3}



FUNCTIONS
EXERCISE - 2(A)
Q1 (A B,C,D)
(A) f(x)=log, ,(2-[x]-[x]*) =2-[x]-[x]" >0
=[x]e(-2,) So,[x]=-1,0 = xe(-1,0)
but, x-120,x-1>0 = x >1
So f (x) has empty domain.
(B) g(x)=cos ™ (2—{x})
Now 0 <{x} <1 =1<2-{x}<2
but, cos™x is defined in [-1, 1]
So g (x) has empty domain.
(C) h(x) = InIn(cos x)
Now In(cosx) >0 = cosx >1

So h (x) has empty domain.

1
sec'(sgn (e™))

(D) f(x) =

Now e™ >0 for xe R

= Sgn(e ™) =1 for xeR and thus sec*(sgn(e ™)) =0 for xeR .
So h (x) has empty domain.

Q2 (A B,D)
A transcendental function is one that cannot be expressed in terms of an algebraic polynomial.
e.g. trigonometric function, exponential, logarithmic function.

So, (A), (B), (D) are transcendental function.

But, f(x)=\)x%+2x+1 = /(x+1)?



=X+1:x>-1
=—x-1;x<-1
Q3 (ABC)
(A) sin x COS X

- Jl+tan?x  +1+cot?x

_sinx COS X
_|secx| | cosecx |

=sin x| cosx | +cosx|sin x|

=0 Vv m{(4n+1)%,(2n+1)4 U {(4n+3)%, (2n+2)}
=sin2x V X [2n;z,(4n+1)%}

=-sin2x V x e ((Zn +D7, (4n+3)%j

Hence graph of y = >IN X cosX

= + is dissimilar from y =sin 2x
Jl+tan?x  +/1+cot?x

(B) y=tan x-cotx=1 V XG(—oo,oo)—%[,XGI

y=sinXx- cosecx=1V X € (—oo,0)—x7 , X eI
Functions are not identical as domains are not same, hence graphs are dissimilar.

|secx|+]|cosecX| 1
|secx || cosec x| |secx| |cosecx|

(©)

: nm
or y=cosx|+]sinx|, x;t?

y=|cosx| +|sinx| V x e (-o0,o0)

Functions are not identical as domains are not same, hence graphs are dissimilar.



Q4 (A 'B,D)
(A)  [x+1+T]=[x+1]=[x+T]=[x]
X+T-1<[x+T]<x+T & x—1<[x]<x =T is not fixed.

Function is non periodic.

(B) sin(x+T)2 =sinx* = ZCOS(WJS"{WJ =0.

2 2 _
:(X+T) + X =(2n 1)z or
2 2 2

As value of T is not constant but dependent of x hence sin x* is non periodic.
(C) sin*(x+T)=sin*x=>x+T=nrtx=T=nrx

Periodic with period ‘7"

y=sin""x — not periodic as D=[-1,1] & Range =[% : %}

Q5 (A C, D)

(A) f(x) =x+1, x>—1isone-oneas linear function are one — one

(B) f(x)= x+i (x > 0) has minimaat x=1
X

(9'X)=0 = x*-1=0 = x=%1)
So, not one —one in (0, «)
(C)h(X)=x*+4x-5,x > 0

h'(x) =0at x=-2

So, one —one in xe (0, )

(D) f(x)=e™"

f'(x) <0 forall xeR



So, one —one in xe[0, o]

Q6 (B,C)

A homogenous function is such that if substitution y =vx is made it should come out to be

X f(v).

(A) xsin y + ysin x=vsin (Xj+vx—sin X
X

. (v .
:v[sm(—J+xsmvj — not homogeneous.
X

y X 1
(B) xe* + ye¥ =xe" + vx-e¥

1
= x(ev+veVJ — homogeneous.

(C)x* —xy=x*-vx* =x*(1-v) — homogeneous.
(D)sin*(xy) =sin"'(vx®) — not homogeneous.

Q7 (B,C)

Given f(x)-f (E): f(x)+f (1)
X X

Hence, f(x) isa polynomial of degree n.

f(x)-f (lj—f(x)— f (ljuzl
X X

o (f (x)—l)(f Gj_ljzl

= f(x)=1+




X" X"
= f(X)=1+m:1+? ........... (I)

Hence, P(x)—x" =k (constant) for f(x) to be polynomial

= P(X)=k+Xx"

= f (1j=1+£n = f(x) =1+k"....... (I1)
X X

From (1), (1)

k=1

f(2)=9 =2"+1=9 = n=3

Hence, f(x)=x>+1

f(4)=65 , f(6)=216 = 3f(6) =2 f(4)
f=2 ,f(3)=28 =14Ff1)=f(3)
f(3)=28 ,f(5)=126 = 9f(3)=2f(5)
f (10) = 1001, f (11) =1332= f (10) = f (11)
Q8 (B,D)

f(x)=x? is may —one in [-1,1]

So, can’t be inverted

g(x) = x? is bijective in [-1,1]
So, inverse is possible.

h(x) =sin2x is may —one in [-1,1]

So, not invertible.
k(x) =sin (%Xj isone —onein [-1,1]

So, invertible.



Q9 (B,0
f(x):i has the range (—oo, ) —{0}
1+x

1
1+ x?

f(x)=

has the range (0,1)

1

1+\/;

1

J3-x

Q.10 (A, B,C)

f(x) =

has the range (0,1)

f(x) =

has the range (0, )

2

(A) f(x)=cos(2tan™* x) = COS(tan—l - 2 j

_ 2 _y2
=cos| cos™ L X2 =l X2 : Domain — R & Range € [-1,1]
1+x 1+x

1-x?
1+ x?

g(x)= : Domain - R, Range € [-1,1]

2X
1+X

B) f(x)= : Domain - R, Range € [-1,1]

2

g(x)=sin(2cot™ x):12X2 : Domain — R, Range €[-1,1]
+X

In(sgn(cot‘1 x))

(C) g(x)=e
cot™ x must be positive hence domain (0,).

In(sgn(cot’l x))

Now cot™* x >0=>sgn(cot ' x)=1=>¢ =1.
Range : {1}
g(x) =e"™0 xR

=[{x}]+1=1 V xeR



1

(D) f(x)=(a)*,a>0
f(x)=%a,a>0
For x being even, there exist 2 value of g(x)=+%/a,a >0
Q.11 (A, B)
f:R—>R, f(x)=[x|sgn(x), x>0
=(—x)(-1); x<0
=0;x=0
= (x)(1); x>0.

= f(X)=x, xeR.

3
g:R—> R, f(x)= x5 is monotonic.

h: R— R, h(x) = x*+3x* +1is many — one

3X2—7x+6

k:R— R,k(x)=
) X—x%-2

Denominator is always Negative so, Domain — R

Numerator has D >0, k(x)=0 at 2 points thus k (x) is many — one.

Q.12 (A, B)

1 =aceb=y = x=( 2] = 100 %,

Now ax+b:§—b:>a:£&b:—b
a a

Hence (a,b) —(1,0) or (-1,0).

Q.13 (B,C)

4
(A) X4—2x23in2%x+1:03 (X—tlj:sinz(%x)



[ ]

1, 1 . L, TX
= | X" +— |=sIn"—
2 X 2

flx) = — f(x)
o Let, f(X):%(X2+i2], g(x):sinz(%xj

X

Has 2 solutions.

(B) X? —2x+5+ 7" =0 = x* —2x+5=—7"
f(X)=x*-2x+5=(x-1)°+4>0 V xeR
g(x)=—(7") <0V xeR

Hence, no solution

(C)log, (cot™ x—sgn(e*)) =2

2

As € >0 thus sgn(e”)=1.

=cottx—-1= [gj
4

- cot™" xe(0,7) hence, cot™* x-1e (-1, 7—-1)

Hence, no solution.

(D) tan(x+%j = 2tan x

= mzzmn X
J3-tanx

— 2tan? x++/3tanx— 23 =0.

Hence infinitely many solutions.

Q.14 (A B,C)

g(x) & g~(x) is symmetric about line y =x



Hence the point P & Q may lie on the line y = x but not necessarily.

3
(Ex. g(x)= 15 . X & 97 (x)= (15—7x)1/3 intersect in (1, 2) & (2, 1) which do not lie on 'y = x)

Also there can be more than 1 points of intersection so P & Q need not coincide.

Slope of line joining points of intersections of y = g(x) & y = g~*(x) may be 1 or —1 as either
these points will lie on y = x or will be image of each other in y = x.

Q.15 (A,BC,D)
f(ZX)(l— f (%D+ f (16x°y) = f(-2)— f(4xy) X,y eR—{0}
f(4)=-255, f(0) =1

1 1 1
Put y:W to get f(2x)(1— f (EDJF f(2x)=f(-2)-f (5]

-+ f(x) is even function f(2)= f(-2)

Replacing 2x by t

{23
= f()-f @) f G} f Gj

= f(t)-f Gj— f(t)— f G]H:l

Cen

Now, f(t) isa polynomial, So, f(ﬂ:

0

0

= f(t)=1+

P(t)

n

tn

= f(t)=1+ PO T




For, f(t) to be polynomial

P(t)—t" =k = P(t) =k +t"

= f(}]:£+l
t t"
= f(t)=1+kt"
1
Hence, k == k=+1
So, f(x)=£x"+1
Given f(4)=-255=-x"+1=-255=>n=4

So, f(x)=1-x*

(A) f (3) =-80

B) F(x)- f (l] _ @a- x4)(x4 -1 _ (x4 _1)2 <0

X X X

©)|f(0|=k-2

— |_~c4—1|

%
P = 1—-xt
x kY

For 4 different solutions. k-2 € (0,1)

=ke(2,3)
(D) g(x)=9-2 /3+f( [x])
f(x)=1-x"

(V) = () =2



g(x)=9-243+1-x?
=924 x?

Hence, g(x) €[5,9]

So, p?+4q=25+36="61

Q.16 (A, C,D)
f)= X2 Y2

x-1 y-1
= x=f(y)

Range of f(x)=R - {1}
Domain of f(x)=R - {1}

Q.17 (B,C)

f:N—> N, f(X)=x+(D**

For, x e set of even number, f(x)=x-1, x=2m.

For, x e set of odd number, f(x) =x+1, x=2m+1.

x-1 x=2m=y=2m-1, (odd)
Now y =
x+1 x=2m+1=y=2m+2, (even)

‘= y+1, y=2m+1
S ly-1 y=2m+2

x-1 x=2m-1
X+1 Xx=2m

= fl(x):{
Hence f'(x)=x-(-1)*;xeN
Q.18 (A B,C)

f (x)=cos[ 7°]x + cos[-7]x

= COS9X +Cos 4x



f(%}zl, f(x)=0, f(%):l& f(%j:%—l.

Q.19 (A, B,D)

f (x) =sin x + tan x +sgn(x* —6x +10)

x> —6x+10>0 for all xe R as D <0, hence, sgn(x* —6x+10) =1
= f(x)=sinx+tan x+1

Hence f (x) is periodic with fundamental period 27 .

Also 4n&8r can be the periods.

Q.20 (A, C)

f(X)=|ng(Sin x—c3;x+3\/§]

Now —/2 <sinx—cosx < \/5

2\/5 sin x—cosx+3J§ 4«/5
= < <

72 7z N

log, 2 < log, (sin x—c\c;sz;x+3\/§] < log, 4
Hence, f(x) € [1, 2]

Domain - R & Range — [1, 2]
PASSAGE -1

Q.21 (B)

1

f(x)=1-e*

1
f(x)>0=1-eX >0

1

=e* <0



:>1—1<O
X

:>X—_1>O
X

=x<0or x>1..

Q.22 (A)

E 1

f(x)="f(x,)=>1-e* =1-e* or

Hence f (X) is one — one.

1 eL1 X 1
—pX — = - @@
y 1+In(1-vy)

now for x to be real 1-y >0 & In(1-y)=-1

Hence y<1& y;tl—1
e

Range of f(x):(-x,1) —{1—%}

Hence f (x)is INTO.

Q.23 (B)

Range =(-,1) — {1—1}
e

PASSAGE -2

Q.24 (B)

]x[:{_ X, x>0

X, X<0

For,x>1, IXx-1=2x+3 =1-x=2x+3
2 .
or X:_§ (not possible)

For, x <1, [X-1=2x+3 = x-1=2x+3



or Xx=-4,

Q.25 (A)
X2 +kx+5=0
For, « =— 4

16— 4K +5=0 :k=%1

Q.26 (D)
X2 +kx+5=0

Product of the roots =5

one root =—4, hence other root = —%

PASSAGE -3
(i)Vx*—6x+5 > x—4

Domain : X* =6x+5>0 = xe(-©,1] U[5, »)
For x > 5, VXx*=6x+5 > x—4=(x*—6Xx+5)> (x—4)2:>x21—21
For x <1, always true as LHS >0 & RHS < 0.

Hence solution set is (—oo, 1]u[% ,ooj

1 X2 —6x—7
(i) (gj >1=x"-6x-7<0

=>(x-7)(x+1)<0
xe (-1,7)

Q27 (A)

11
[p+q] = {1+?}:6



Q.28 (B)
L. 11
Common solution is (-1, 1] U [E , 1)

So, integral valuesare 0,1,6
Q.29 (D)

3(p+2q+a+b) =31 +11+(-1)+7)
=54

=2x 3

No of factor =2x4=38

[x]=8 = x<[8,9)
PASSAGE -4

Q.30 (B)

yz‘ X2 —2x—8‘
f(x)=x*-2x-8

4y

[4]

o
-

10

-

-10

Q.31 (C)
=7 \/\
y=r(|x|) ‘

Has the graph same in Il & Ill quad as in | & 1V quad.




-\

N

Q.32 (A)

if y= f(x) has graph

N

then y=|f(x)| has graph

MATRIX MATCH TYPE

Q.33
(A)  for xe(0,7)

sSinx .
sin x+cosx >0

{W\ —sinx > —Cosx
H .

2 037

4 e 3 IR ®)

(B)

/’ m 4 5if X > COsX
1y - -
I [T =]
T | . T
0 *_41 M '-\4 o e (S)

I’\_\‘IZIEI'S-I

(©)



| Tan x
%4

(D)

Q.34

tanx —cotx >0

tan x > cotx

E."fr Yy |
SFez )

tan x+cotx =0
tan x > —cot x

—e+e’ x>0
MNeither either nor odd
e
2 many — one
1
e (R.T)

(B) f:(-1,1) - R, f(x) =x[x*]+

o f(=x) = f(X)

- even function So, may — one.

1—x?

- e

%E"r.

]
LS 4

(&)



@Q.T)

X(X+D(X* +1) +2x* + x> +2

C)f:R> R, f(x)= 5
X+ X+1

D (xX(x+D) +2) + X
x*+x+1

D XD X+
X>+Xx+1

=x*+1+x2—x+1

=x"+ X2 = X+2
f(=x)=x"+ X" +Xx+2
So, neither odd nor even.
f '(x) is a degree equation so at least 1 root.

Hence, not monotonic.

So, (R,T)
(D) f:R—>R, f(X)=x+3+5x" +.ocvurvnn. 101x101
f'(X) =1+9x% +25X" +............ 101 x100 >0 for x e R

Hence, one — one and odd functions.
w f(=x)=—f(X)

Q.35

(A) f:[-1, ©) > (0,)

f'(x) =" ; x e[-1,0]

XX

=e x>0

f'(x)=0 at x:% for x<0



f'(x)=0 at x=—% for x>0

(B) f:(1,0) = [3,2)
f (X)=v10—2x+ x?
=/(x-1)*+9

For, x>1, f(x) >3
Hence, f(x) is never equal to 3 in (1,«)
So, into, one — one, non — periodic.

(P.Q)
C)f:R>1I

f (x)=tan® z[x* +2x + 3]
= tan® z[(x +1)* + 2]
For, xeR, [(x+1)?+ 2]z isamultiple of 7
So, f(x)=0 V xeR
Hence, periodic, many — one into
QR,T)

(D)
f :[3,4] — [4,6]

4 ‘/—kract'we part of curve.

So, one — one, onto.



FUNCTIONS

EXERCISE - 2(B)

Q1 [03]

sin 2—3)(+cos4x+|tan 3x|+sgn(x* +4x+15) has period as LCM of (2”;3 , ZTE , %)

- sgn(x® +4x+15)=1as x* +4x+15> 0 for all x, so period can be any real number.
2 7w .

LCM of (Bﬂ,—,—j is 3.
2 3

So, k=3.
Q.2 [05]
[x]—{x}=§ = 3(IX]-0F) =[x1+03

[x]

3{X}:7
w0 <{} < 1:>0£%<1
1

=[x]=0,1 & {x}=0, >

So, x={x}+[x] gives x:o,g

So, sum of values of x, 1 =0+ g
Hence, value of % = E x g -5

Q3 [02]
OO+ f(y)+ f(xy)=2+F(x)-f(y)

at x=1,y=1, 3f)=2+"f@1)°



= f(1)?-3f(1)+2=0

= f1)=2 or f(1)=1.

Nowat y=1, f(x)+ f(1)+f(x)=2+f(x)- (1)
= f()@2-1fD))=2-1(Q1)

_2-f(Q@)
2-f()

f(x)
Hence if f (1) = 1, then f (x) = 1.

If f (X) = 2, then substitute, y = 1/x toget f(x)+ f (§j+ fQ=2+f(x)-f (%)

= f(x)+f(1j= f(x)-f(lj
X X

= f(x)=1+

Solution of such polynomial is, f(x)=1 + x" but, f()=2 = f(x)=1+x"

but f(4)=17 = 1+4"=17 =n=2

2
f(5):5 +1_ 26 _
13 13
Q.4 [01]

2
( ij +a( X2j+3:O:> 1 >+ +3=0
1+X 1+X 1) ( lj
+ X+ —
2
:3(x+1j +a(x+1)+1:0.
X X

Let x+1 =t,then =3t>+at+1=0.
X



Now range of x+1 is (—o0,—2]U[2,0)
X

Every root of f (t)=3t*-+at-+1=0which liesin (—o0,~2)(2,0) gives two values of x and

t = 2 or -2 gives one value of x.

Hence exactly two distinct roots are possible when exactly one root lies in (-2, 2) and other root
is not equal to -2 or 2.

Thus f(-2)f(2)<0& f(+2)=0
= (13—-2a)(13+2a)< 0

13 13
= a<-— 0or a>—
2 2

Hence A:M:E:M:
2 13

1.

Q.5 [03]
T Refer the adjoining graph of

1 y=sin3x
y=cosXx & y=sin3x

0.5 Y=cosx

Number of points intersection in

0 x

»
Sn/dSn _04m 403n —02m —0lm 0ln 0Zrx  D3n% Odn 05\\' ( T Tl:j
22)

-5

k=3

Q.6 [05]

f(X)=+/8X—x2 — \14x—x* —48

=J(8-x)x —/(8-x)(x-6)

Domain: 6<x<8

Now f (x)=vB—x (vx - Vx6)



éf'(x)z_\&z_s—\/TXx_Es+m(2\l/§_2\/i—6j

= - S

Now /X—6 </x & \/x—G\/;>(x—8): f'(x)<0 for 6<x<8
Hence fyu = f (6)=+12 & f,,, = f(8)=0.
Thus mf:2«/§.

Q.7 [02]

\& 0<x<1
Given f(x)=42-x 1<x<2
f(x+2) forall x

f(x)
T
1
06}
0 1 2 3 4 5 6 7
x —»

f(X)=0.6:/x =06 = x=(0.6)>=0.36,50Sum =4+6+2x0.36=10.72
& 2—-x=06=x=0.4,s0sum =3+0.4+5+0.4=8.8

A =10.72+8.8=19.52

3T Now g(x) = 4 f(3x) +1¥ xeR
2(x)
T 4\/3_x+1 X€|:O,%j
17 12
| | | | = g(x)=4 3-4x XE[B, 3)
0 1 2 1 4 f(3x+2) xeall
3 3 3




Fundamental Period =(%j =B =§.

g(x)=41f(3x)+1=g'(x)=121'(2x)+0

or g'(EjﬂZx f(ﬁj
2 2

9;(6.5) =-12
So, | C|=12
A
Hence, wﬂ?x 2 X 12 _ 2
376
Q.8 [05]

x* —4x® +6x* —4x = 2008 = (x—1)* = 2009

1 1 1

= (x—1) = (2009)* ,— (2009)# , (2009)%i , —(2009)#i

1
So, non-real roots =1+ (2009)* - i

1 1
product of non-real roots, P :[1+(2009)4 -i} {1—(2009)4 i}

1

P =1+(2009)2
So, [P]{pr (2009)% } =45,

Q.9 [03]

2X—3
X—2

Given f( j:5x—2,x¢2

2Xx—-3
X—2

= let, =t

= 2X-3=tx-2t or x:%



2t-3

8t-17
= ft)=——-—
O===

8x-11

S0, () ==—
X_

8x-11
X—2

xo 2y-11
y—-8
2x-11
X—8

Now let y =

So, f(x)=

26-11_15_,

fr(13)=
() =——=7

Q.10 [04]

~ P(x) has odd degree terms only so P(—x) =—P(x)

P(x) divided by (x—3) gives remainder 6 hence P(3) =6

P(x) divided by (x+3) will give remainder P(—3)=—P(3)=—6
Now let P(x) =(x*~9)Q(x)+ Ax+B, where g(x) = Ax + B

So, P(3)=6 = 3A+B=6

& P(-3)=— 6= —-3A+B=-6

Solving simultaneously gives A =2, B =0.

9(2) = 4.
Q.11 [04]

f :R—)(O, 2?7[} f(x) =cot™(x* — 4x+ )



For f (X) to be an ONTO function, 0 < cot ™ (x* — 4x+ a) < 2?” for all real x.

or x> —4x+ a > cot(%j .

1
S+ a > ——.

V3
2 _1
= X —4x+[a +—j > 0 for all real x.
J3
1
So, DSO:>16—4£a+—]s0.
J3

:>a24—i.

B

So, smallest integral value of « is 4.
Q.12 [04]

f(x) =sin x+tan x+x* +4x+1= f (x)=sin" x+tan™" x+(x+ 2)2 -3

Now for x € [-1,1], all of sin™ x,tan"* x & (x+2)2 are increasing functions.
Hencep =f(-1) & q=1(1)

Therefore p + q = 4.

Q.13 [00]

log,, 2" >0

= (tanx)-log,, 2 >0

fan x

——>0
(log, sinx) g

tanx >0 & log,(sinx) <0 in (O : %j hence no solution.

{log, b isnegativeifa>0&0<a<1}



Q.14 [07]

AL},
2
y = {sin x} y=x/12
X
D I
= 51 ] 057 7T 1.57 27 257 37 357 4t 4 57 57
12{sinx} - x =0

Refer the adjoining graph.

Q.15 [04]

[Xx]+2{=x}=3x = [X]+ 2{— x}=3[x] + 3{x}
Case | : For, xe I, {~x} = {x}=0

=[x]=3[x]

—=[x]=0

=x=0

Case I1: For xe I, [x]+2(1—{x}) = 3[x]+3{x}

_ 2—2[X]

===

Now 0 <{x} <1, hence OSZ_TZ[X]<1

=-2<-2[x]<3

= —53<[x] <-1

So, [x]=1, [x]=0, [x]=-1
4

{x}=o,{x}=§ 091



SO, le, XZE,X =——
5 5

Q.16 [02]
(x)=[x]+1 : x eI
Hence, [X] +([x]+1)*< 4

=2[x]+2[x]-3<0

~1-+7 —1+\/7J
=

2

SQ[ﬂe(

So,xe[-1,1)
Length of interval = 2

Q.17 [02]

g(x) = (4cos4 x—2c032x—%cos4x—x7j7

1
7

= g(x)=| 4cos* x—4cos® x+2—%(2cos2 2x—1)—7}

1

=| 4cos* x —4cos? X + 2 — cos? 2x+%—x7}

1

=| 4cos* x—4cos® x—(2cos® x—1)° +§—x7}

1

3
=| 4cos* x—4cos® X —4cos” X+ 4cos? x—1+5— X’




N

So, g(g(x)) =

Il
7 N\
NII—\
NII—‘

;/

S0, g(g9(100)) 10022
50 50

Q.18 [01]

f(x) =

_42= y =3x—2=xy+4y

o 4y +2
3-y

1
X+ =
1 _4x+2_ 2
So, f7(x)= 3 x _§ 5.
4 4
1 3
Hence b==,c=—-&d=—=b+c+d =1.
2 4 4
Q.19 [02]

ax® +bx® +cx* +dx? +15x+1
F(x) =
X

f(x)=—f(x)

Hence, f(-5)=-f(5)=- (- 28)=28

So, 12 _ 28 _

14 14



Q.20 [01]

sin—

Iogz(3—x)+log£

2 2

Domain: x<3,x> -7

1 )2 1
Sol:log,(83—=x)+log, | —= | —log,(5—x)==-log, (X+7
9,(3-x) 9;(\/5) g%( ) =500, (x+7)

2

= log,(3—x)+log,(5—x)—log,(x+7)=0

N (B-x)(5-x) 1
X+7

= x> -8x+15=x+7
= x> -9x+8=0
=>x-1)(x-8=0

= x=1, x=8 but, xe(-7, 3), hence only one integral value of x is possible.



FUNCTIONS

EXERCISE - 2(C)
Q.1
(i) F()=yx - x|-2
For the function to be defined, x*-|x|-2 > 0
= (x| x-2) 20
=|[x|-2=00r |x|>2
Hence x € (— ©,-2] U [2, )

1

= + log, (x* - X)

(i) f (x) =

For f (x) to be defined, 4—x*#0 & x*-x>0

=>xz+2 & x(x-1)(x+1)>0

Hence domain is xe (-1,0)u(l, 2)uU (2,0)\

Q.2

2
(i) f () = X +2X+3
Let y_x2+2x+3

Then x> +x(2-y)+3=0
Forxtobereal D >0=(2-y)*-12>0

or y’—4y—-8>0



—

2-23 2423

Hence range is (—o0,2—2+/3] U[2+23 , x)

X2 -2
x*+3

(i) f (x) =

x?—2

Let y=
y x*+3

- (3y+2)
y-1

Then x? =

Now M >0
y-1

3y+2

or <0

Hence range is [—%,1}.

(i) f(x) = 3cosx—4sin x+2

max. & min. value of 3cosx—4sinx is 5 & -5 respectively.
{—\/mgasin x+bcosxs\/m}

f(X)], =5+2=7

f ()], =-5+2=-3

(iv) f(X) =[x* —x+1] Graphofy= y=x*—x+1



min_ value at x=% & max.

i

value at x = 2 for x*—x+1

when ) <x <2

F ()] =0
F O Jnax =3
Q.3

Q)

Case |

x >0 =sgn(x)
& x| =X

Hence x sgn (x) = [X|
Case Il
x=0=>sgn(x)=0
& |x|=0

Hence x sgn (x) = [x|
Case Il
x<0=sgn(x)=-1
& x| =-X

Hence x sgn (X) = |X]|

1

CORRECT

Q.4

(i)

<

3
4
0
(1)
Case |
x >0 =sgn(x)=1
& |X| = x.

Hence [x| sgn (x) = X
Case Il
x=0=>sgn(x)=0
&|x|=0

Hence [x| sgn (x) =0
Case 11
x<0=sgn(x)=-1
& x| =-x

Hence | x| sgn (X) = x

CORRECT

bd 4 — — — — ==

(1

Case |

x >0 =sgn(x)
Hence

X (sgn (x))* = x
Case Il
x=0=sgn(x)=0

1

hence

X (sgn (x))*=0
Case I
x<0=sgn(x)=-1
Hence

X (sgn (x))* = x

CORRECT

1+ X

Now f(x)+ f(—x)=1logl

f(x) =log,, G-%j = f(—x)=log,, (Ej

= f(x)+ f(-x) =0 or f(—x)=—Ff(x)

Hence f(x) is odd.

(i) f="7—

X(2"+1)

= f(-x) =

B x(27 +1)
27%-1

(V)

Case |

x >0 =sgn(x)=1
& |x| = x. Hence

IX] (sgn (x))* = x
Case Il

x=0=>sgn(x)=0
& | x|=0, hence

X] (sgn (x))*=0
Case Il

x<0=sgn(x)=-1
& |X| = - x, Hence
IX| (sgn (x))* = x

CORRECT



= f(-x) = f(x)

Hence f(x) iseven.

(i) FO) = VI+x+x — V1= x+ X2 = F(=X)= V1= X+ X2 =1+ X+ X2
= f(x)+ f(—x)=0 or f(-x)=—"f(x)
Hence f(x) is odd.

(iv)  f(x)=(2x"* —5%* +3)cos x
Product of two even function is even only.

Hence f(x) iseven.
Q.5

X—2
Let y=——
y X+3

or yx+3y=x-2

:X:3y+2
1-y
Range : R — {1}

Now f(x,)=f(x,)=

= X, X, —3X; —2X, + 6 = X;X, —2X, —3X, +6
=X, =X,.
Hence f (x) is ONE — ONE & ONTO.

273 implies f-(x) = —2=3X _3X+2
y-1 x-1 1-x

Further x =




Q.6

Let y=x(2-X)
=x?-2x+y=0
or x:lJ_r,/l—y

Now X € (—,1] = X =1-Jl-y,ye (—o0,1]
Hence f (x) is ONTO.

Further x, (2—x,)=X,(2-X,)= 2(x1—x2):(x12 —xzz)
=X, =X, OF X, +X,=2
But if x, #X,, then as x;,X, 21 & X, +X, # 2.
Hence f(x) is ONE —ONE.
Now x =1-,/1-y gives
fr(x)=1-1-x, f*: (—oo,l] —)(—oo,l]
Q.7
1 1 1 x-1
f(x):mzf(f(x))=l_f(x) or f(f(x))—l_l v
1-x
1 1
_f()-1 _1-x
F(F(f( )))_W or f(f(f(x))= =
1-x

F(F(F(F(x)=T(x)
It is repeating after every interval of 4.

SO, f ZOOG(X) — f (4><501+2)(X)

2005-1 2004
2005 2005

f 2% (2005) =



Q.8

3x =[sinx+[sinx+[sinx]]]=3x=[3sinx] .. [x+n]=[x]+nfornel

In R.H.S. there can be only integers {-3, -2, -1, 0, 1, 2, 3}.

:sinx:—l,—g,—l,O,l,g,l
3 3 33

But none of these values except 0 can occur for 3x being an integer thus,

L.H.S. has to be 0 integer only.
Hence possible solutions are x ==, 2 1 ,f : >

3 3 3
Q.9

Period of |sinx|+|cosx| is % because in each quadrant values of [sin x| and |cos X|

complement each other.

Now period of sin px+cos px is 2—7[

So p=4

Q.10

XZ
f (x):{?}sin X+ COS X

2

f(=x)=- {X?}sin X+ COS X

If f(x) is even, f(x)= f(-X)

2

Hence {X?}sin x=0



2

Thus 0 sX?<1

As -5<x <5, hence 25<x* <0.
Hence k > 25.

Q.11
For f(x)=loglogloglogx to be defined logloglogx >0

= loglog x >1

= logx > 10
X € (10, 0)

Q.12

2Iogio x+2J 000 =03

X

f(x) = Iogloox (

If fog exists, then
range of g should

come in domain of f.

fog

2log,, x+ 2
IOglOOx (+XJ

2log,, x+2 S
- X

=100x >0 & 100x =1 as well 0

= x>0, x;«rsi & 2log,,x +2<0 ie. x<i
100 10

Hence X e O,i U i,i
100 100 10



Q.13
()  f:[3,27] >A

3 _________ J—
f () =log, x o
Ae[l.3] !

(i) f (x) = log,, (5 —x* —6)
For f (x) to be defined 5x—x*—6 >0
or (x—3)(x-2)<0

= xe(2,3)

(i) f(x+ljzx2+i2:>f(x+1j:(x+ljz—2
X X X X

Let x+1=t,then ft)=t>-2
X

Hence f(+/5)=3.
Q.14
(i) f(x)=2"= f(-x)=2"

Hence, f (X) is even.

.. 10" -10~"
i f(X)=————
(i ) 10 +107*
Fox)= 10: -10
107* +10*

f(x)+ f(—x)=0
Hence, f(x) is odd.

(x> —x+1)

(iii) f(x) =log T xal



f(—x)zlog(xjﬂﬂj

X“=X+1
f(x)+ f(~x)=logl =0
Hence f(x) is odd.
(iv)  f(x)=xsinx
f(=x)=(=x)sin(-x)
=Xsinx
Hence, f (x) is even.

Q.15

X% — X

X2+ 2X

f(x) =

Domain : -
X*+2x#0
X#0, Xx= -2
xe R—{0, -2}

Range : -

_ X(x-1)
- X(X+2)

x—1 1
_ X R—J—=,11
Y= X+2 ye {2 }

Q.16

y X#0

f(X)+ f(x+4) = f(x+2)+ f(x+6)

Put x=k+t

f(x+t)+ f(z+4+t)=t(x+2+t)+ f (X+6+1)

Putt=2



f(x+2)+ f(x+6) = f(x+4)+ f(x+8)
f(x)+ f(x+4) = f(x+4)+ f(x+8) ....From (1)
f(x)= f(x+8)

Hence function is periodic.

Period is 8.

Q.17

P(X)'P[EJZP(XHP(EJ
X X

P(x)=1+x" hence P(x)=1+x"
P(4)=65=n=3
Hence P(x) = 1+ "

Now 1 +x° = 344 gives x = 7.

Q.18
9
X 917)( & 3
f(x)= e F(lex)— i )
) 3+9" =% 3+9™  3.9°+9 9*+3
9)(
f(X)+f(l-x)= 3+9X —1, Hence,
3+9
S:f( 1 ju( 2 j+ ...................... +f(@j
2003 2003 2003
S=f(2002]+f(2001j+ ...................... +f(i)
2003 2003 5003

25 =2002
S =1001



Q.19

P(X)P(y)+2=P(x)+P(y)+P(xy)

x=1y=2->P(1)P(2)+2=P(1)+2P(2)

P(2)=5=>P(1)=2

Now differentiate w.r.to y treating x as an independent variable to get

Now P(x)P'(y)=P'(y)+xP'(xy)

y=1=(P(x)-1)P'(1)=xP'(x)

— dP(X) :p'( )%
P(x)-1 X

Integrate w.r.t. X to get

= In|P(x)-1| =P'(1)In|x|+C

P(1)=2—-C=0

P(2)=5—>In4=P'(1)In2 ie. P'(1)=2

=In|P(x)-1]=2In|x|= P(x)=x*+1

Hence P(5) = 26.

Q.20

f(x):{XH’ x<1

2X+1, 1< x<2

0(x)= X2, ~1<x <2
X+2, 2<x<3

g(x)+1, g(x)<1

Flgl) = {—Zg(x)+1, 1<g(x)<2




g(x), 9()<1

Flg(x) = {Zg(x)+1, 1<g(x) <2

X2 +1, 1< x<1
2X°% +1, 1<x<A2

Q.21

f(X)=x"+x+1

(i) Range E[% x) L/

(i) Reflection in v — axis

F(x)

el i

g(x)=x"—x+1

I
—_

I'-."|

v=x'—x+1

¥ —x+1-y=0

\/g (x)

lei —4(1-»)
1+ =3
=

1 1++/4X-3
g (x)= >
Q.22

@  Given f(f(x))(1+f(x))=—f(x)
Let f(a)=b, then f(b)(1+b)=-b
b

or f(b)=—m

Hence f (3)=—%.

(o)  Given f(x+f(x))=4f(x)
x=1— f (1+f(1))=4f (1) or f(5)=16

bl — T -

x=5-— f(5+f(5))=4f(5) or f(21)=64



(c)  Given (f(xy))2 :x(f(y))z.
x=25,y=2—(f(50))" =25(f(2)) or f(50)=30.

(d)  Given f(x+y)=x+f(y)
x=1y=0- f(1)
x=1Ly=1- f(2)
x=1y=2- f(3)
= f (100)=102

3
4
5

(e)  Given f(3x)=x+f(3x-3)
x=2—f(6)=3
x=3->f(9)=4
= f(3x)=x+1
= f(300) =101

Q.23

(a) f(x)+f(1j:x
X

Replace x by Lo get f (1j+ f (x):l
X X X
= X=

1
X

Hence x==1.

)  f(x)=+ax+bx
Domain and range can be same only if f (x) is self-inverse.
y = vJax? +hx

Ifa=0, then y =+/bx has domain as well as range [0,%0) for all b > 0.

Now y =+vax® +bx=> y* = x(ax+b)



(—oo,—g}u[o,oo) if a>0 [0,0) if a>0

X &Range : . b2 a0
{o,——} if a<0 e R
a

Clearly for a > 0 interval of X & interval of y can’t be same but for a < 0, the two
intervals can be same if

= Domain :

——=,-— it =-—=a=-4
a 4da a da
Q.24
()
(a) (b)
10*+10" =10 X+|y|=2y
10’ =10-10* If y>0
|OglOy = |0g(10—10x) X+y:2y
y =log(10-10%) y =X
If y<0
X—y=2y
.
3
(i)
(@) (b)
f(x)—[0,1] f(2x+3)
f(sinx) 0<2x+3<1
0<sinx<1 —-3<2x<-2
xe [0,7] —;SXS_1

Xe[2n7r,(2n +1)7r]




(iii)

“ (hb()) f(x=7)
1 X)=f(x-7
909 =5+ A<x-7<7
Domain remains same [4,7] Domain is [11, 14]
Range is -19 i.e ;13 l1sx <14
J 3'3] |3’ Range will not change i.e.[-1,a]

(@) y:In(x+\/m)
Domain : R, Range : R
Also x, h/ﬁ =X, h/ﬁ = X, =X, , hence f (x) is invertible.
Now y:In(x+\/m):ey:x+\/m
—e” =X +1-X

ey _e_y
2

= =X

et —e

Hence f*(X)= , f"'R>R

(b) um:zﬁ

Domain : R — {1}.

Range of Ll : R —{1}, hence Range of f(x) : (0, «) — {2}.
X_

X
Further X =—2_= XX —X =XX,—X, Of X, =X
x -1 x,-1 XX, =X = XX, =X, OF X, =X,

Hence f (x) is invertible.

X

Now let y = 2%



= log y—i
27 x-1
or x=—Iogz y
I0g2 y_|092 2
Hence f‘l(x):mg—zi, f1:R-{2} > R—{1}
Iong

10*-107"

c =
© y 10" +10°*

Domain : R, Range : R — {1}

10" -10™ 10% -107"

Further — = —
10*+10™ 10%+107*

—10%7% —10% % =10% % —10%7%

=10%7 =10 or X, =X,
Hence f (x) is invertible.

Now y = 10 -107* Ly 10> -1
10* +107* 10% +1

or 107 = Y1
1-y
or 2x= Iogmy—Jrl
1-y

X+1

= f‘l(x):%logloﬁ, fHR-{1} >R .

Q.26

Casel: x—l>0

[x —ﬂ[x + ﬂ can be a prime number only if one of the two factors is 1 & other is a prime.



Now x—l :1:>1£x—l<2 ie. §§x<§.
2 2 2 2

2.

For this interval 2£x+%<3, S0 [x+ﬂ
Hence x—1 x+1 :2for§3x<E
2 2 2 2

Similarly x+l :1:>1£x+l<2 ie. l§x<§.
2 2 2 2

For this interval 0 < x—%<1, SO [x+ﬂ =0.

Not possible.

Case Il : x+%<0

{x —ﬂ{x + ﬂ can be a prime number only if one of the two factors is -1 & other is negative of

a prime.

Now x+l :—1:>—1§x+1<0 ie. —§§x<—l.
2 2 2 2

For this interval -2 < x—% <0, so {x—ﬂ =-2-1.

Hence x—1 x+l zzfor_§SX<_l
2 2 2 2

Similarly x—1 =-1=-1< x—l<0 i.e. —ls x<l.
2 2 2 2

For this interval 0 < x+%<1, o) {x+ﬂ:0.

Not possible.



Hence {x—l}[x+l}:2 for {_E’_E)UF’EJ
2 2 2 2 22

NOW X, +X,> +X;” + X, :W:ﬂ.

Q.27

Let P(x)=(x—1)(x—4)Q(x)+ax+b, where r(x) = ax + b.
Now given that P(1) = 1 & P(4) = 10, hence
a+b=1&4a+b=10.

Thusa=3 &b =-2.

Now r(x) = 3a— 2.

Hence r(2006) = 6016.

Q.28

(1) Given 2f (x)+x f (%j—Zf U\/Esin(n(x+%DD = 4cos® %X+ X COS—

X
x=1-2f 1)+ f(1)-2f [‘ﬁsin(%j‘]:4coszg+cosn

= f(l):—l

x=2->2f(2)+2f (%)—Zf Uﬁsin(%j@=4c032n+2cosg
:2f(2)+2f@:4+2f(1)

1

= f(2)+f (Ejzl

.. 1 1 1 . (3r Tt 1
== 2f| = |[+=f(2)=2f]||V2sin| = || [=4c0s* = +=c0S2
(i) X 2—> (2]+2 (2) [‘\/_I (4)‘] 4+2 T

_ 4 (%} f(2)-4f (1)=5



£ (2)+4f @:1: f(2)=1

= f(2)+f(1)=0.
Q.29
4{x} = x+[x] &[x]=x+{x} =3{x}=2x

As Os{x}<1,03x<g
Casel: 0<x<l1

4{x} =x+[x]=4x=x or x=0

Case ll : 15x<§

4{x} =x+[x]=4(x-1)=x+1or x=2.

Q.30

As a, b, ¢ are natural numbers hence x > 0.

o= g

:ns§<n+1 & 5—nsﬂ<6—n
X X

:>—3 <x§§ &—4 <x£—4
n+1 n 6-n 5-n

n:1—>§<xs3 &g<x31:> no solution

n=2—>1<xsg &1<x§g:>1<xs

wls

n:3—>§<x£1 &g<x§2:>nosolution



Hence x (15} .
3



FUNCTIONS
EXERCISE -3

Q.1

g(x)=f(x)+ f (—x) is an even function.
h(x)= f (x)— f (—x) isan odd function.
1 1
Now g(x)+h(x)=2f(x) or f(x):Eg(x)JrEh(x).
Hence any function f (x) can be represented as sum of one even and one odd function.
Q.2
f(x+T)=f(x)=/lcos(x+T)| =4/ cosx]
= cos’ (x+T)=cos”

= X+T =nntX
=T=nn

Hence Fundamental period is «.

Q.3
f Booj_)[%wj f(x)=x*—x+1

f(x):(x—%Jer%

So f (x) isone —one in [%ooj

Also as range is [%ooj so f (x) is onto function.

Hence f (X) is bijective.

2
Now let y = x—l +§,then x:l+,/y—§.
2 4 2 4

Now for a quadratic function, f (x)=f*(x)= f(x)=x.

=x?—x+1l=x orx=1.



Q.4

Number of ways to choose three f — images from {1, 2, ..., 5} = °C,.

These can be associated with elements of domain in just one way.

Hence total number of functions = 10.

Q.5

f(x)+f(—}=l+x (1)

_;') [puttin x—»"T" in(1))

e f(’%'} f(]—_';J=2~;" 2)

puttin x>~ in (1)

15 Jrremres

7 )rel- s putin /(7] inc2)
(s

A7) (";]‘[r_':,'*f"’ prin [ *1 inc)
S+ X e f(x) =1 x

227 ()=(40)-C-

_x(xan)(x=1)=(x-1) -x X -x-[x~2x41]-x

x(x-1) - x(x-1)
2/ (x)== (: 1—)I
x'-x'-1
SRAC Ry 2x(x~1)
Q.6

f(x)+f(x+2)=3f(x+1) ..(1)

Replacing x by x—1 gives f(x—1)+ f (x+1):\/§f(x) (2)



Replacing x by x +1 gives f(x+1)+f(x+3):J§f(x+2)...(3)

Adding (1) & (2) gives f(x-1)+2f (x+1)+ f (x+3)=+3(f (x)+ f (x+2))...(4)
From (1), f(x—1)+ f(x+3)=f(x+1) (5).

Replacing x by x +2 gives f(x+1)+f(x+5)=f(x+3) ..(6)

Adding (5) & (6) gives f(x+5)=—f(x-1)

Replacing x by x +6 gives f(x+11)=—f (x+5)= f(x+11)=f(x-1)

Hence f (x) is periodic with period 12.

99
Now f (5 +12r) =f(5) =3 thus >  f(5+12r)=100f (5)=300.
r=0

Q7
f(x+T)=:E§;:2:>f(x+2T)= Eijg:g
f(x)—5_5
= f(x+2T)= :Ei;:g
f(x)—3_3
= f(x+2T)= 52__2ff ((XX))
Further f (x+2T)= %f((;)) = f(x+4T)= 52__2: ((XX:ZZ_I-_I-))

~ 5-2f(x)
N 2(2—f<x>}=
= f(x+4T) 5-27(x) f(x).
_2—f(x)

Hence f (x) is periodic with period 4T.
Q.8
Q) for log, (\/x —4++/6- x) to be defined x — 4 & 6 — x must be nonnegative.

Hence domain is 4<x<6.



{Square root function is defined for nonnegative values, log is defined for positive values and
square root is a positive valued function}

2—3[x]Sl

2-3
(i)  For sin{#) to be defined —1<

:>—§<[x]§2 =0<x<3.

Hence domain is (0, 3),

(i)~ For \/Z{X}Z—S{X}-f-l to be defined 2{x}" ~3{x}+1>0.
:(Z{X}_l)({x}—l)ZO:{x}g%
:nSXSn+%, nel.

Hence domain is [n, n+ﬂ, nel.

Q.9

X+2

i Let y=——
0 y 2x%> +3x+6

, then 2yx* +(3y-1)x+6y—-2=0.
For x to be real (3y—1)° —8y(6y—2)>0
—39y* —4y-4<0

1 1
or ——<y<=.
13 3

. 11
Hencerangeis | ——,— |.
{ 13 3}

(i) f(x):\/[sin x]+[cos x]

0 Xe{O,—Ju[g,n}u{Zn} 1 =0 2n
[sinx]=<1 x=g & [cosx]=10 XE(O, ﬂu[%ﬁ,hju{h}
1 x €(m,2n) 9 xe(z,g—nj

2 2

Hence [sin x] + [cos X] =-2, -1, 0, 1.

Now for square root to be defined, [sin x] + [cos x] =0, 1.



Hence range of f (x) is {0, 1}
Q.10

Q) Number of functions from A to B = Number of ways to distribute n distinct objects in

m distinct groups = m" .

(i) Number of one — one functions from A to B = Number of ways to permute n distinct

objects in at n out of m places = "C, xn!.

(i) If m =2 and function is into then all the elements of A must be associated with one of

the two elements in B. Number of such functions = 2.
Number of onto function=m" -2.

Q.11
Given f(x)= X+1.
2X—3
Let y= X+1,ma1x:3y+1
2x-3 2y -1

Hence range of f (xX) is R —{%} :

x+1  x,+1
2x, -3  2X,—3

Now = X, = X,, hence f (x) is one — one.

Q.12
Given f(x+y)=f(xy).
Fory =0 we get f (x) =f (0), hence f (x) is a constant function.

Thus f(2003):—%.

Q.13

P(x)=x4 +x +xt +x+]
clearly tha roots of P(x) are fifth roots of unity.
Letthe roots be a,a’,a’,a*. (where o* =1)

Now, P(x*) whendivided by (x-a) gives P(a*) as the remainder. but since 4° - |

P(x*) gives P(1)=5 asthe remainder when divided by x-a.

Similarly P(x’) gives 5 as the remainder when divided by (x—a’),(x—a’),(x—a’) as

P(a“’).p(a's).

P(a®) areall 5



~ P(x*)-5 isdivided by (x-a),(x-a?),
(x-a’),(x-a‘).

P(x’)—S - g(x){(x—a)(x—a’)(x—a’)(x—a‘)}
or the remainder when 7(x°) isdivided by

P(x) is 5.

Q.14

fisos
s={4,5,6,7,...}

f(x+y)=7 (o) Vxy

f(6)=s(2+4)= f(2x4)= £(8)
S(6)=7(3+3)=7(3x3)=1(9) }
“f(x+y)=f(w)

Q.15
()  F)=x—1/+]x-2, -1<x<3

3-2x, -1<x<1
= f(x)=1 1, 1<x<2
2X—-3, 2<Xx<3

Now range of 3—2xin -1<x<1is (1, 5]

In 1<x<2, range of f (x) is {1}

Range of 2x —3in 2<x<3is (1, 3].

Hence range of f (x) is [1, 5].

(i) f(x)=log,(5+4x—-x").

Domain : 5+4x—x*>0o0r X’ -4x-5<0=-1<x<5.
Now log is an increasing function as base > 1.

Also g(x):—x2+4x+5:—(x—2)2+9.

Furtherg(-1)=0,9(2)=9&g (5) =0.



Maximum of g (x) =9 & minimum of g (x) = 0.

Hence maximum of f (x) = log,9=2.

Hence range of f (x) : (—,2].

sin x COS X . .
@iy  f(x)= - f (x) = cosx|sin x—|sin x| cos x
(%) Jl+tan?x  +l+cot?x (x)
0, Xe(O,Eju(n,s—nj
2 2
. T
= f(x)=1-sin2x, XE(Z ch
sin 2x, XE(% ZnJ

Range of f(x) =—sin 2xin [2 ch is (0, 1) so range of f (x) = sin 2x in (%,Zn] is (-1, 0)

Range of f (x) in (o,g] u(n,%‘], is {0}.
Hence range of f (x) : (-1, 1)

{Values at g,n, 3?75& 2n are not included as tan x & cot x are not defined}

Q.16
f(m.m)=m
26 7
£ (m.n)= 1 (nm) =3 *3%/(A10)
f(m,m#n)=(l+%]f(m,n) -%x(“ )f(46)
f(l4.52)=[|+%) £(14,38) =?§l-x[l+%)f(4,2)
'[“i%](“ %] £(14,24) =91xf(2,4)
-2 ige{i+1a) 7040 -o{13)se2
=91x2x2 [/ (mm)=m]
z-?—:!g 7(1004) [ 7 (mn)=1(nm)] —364.
'25—6"("’—] 7(10,4)



Q.17

k=2p+lpez

F(k)=7(2p+1)=(2p+1)+3 [+(2p+1) isodd]
=2p+4

S(f(K)=(2p+4)

~2p+4
2

=p+2

['.‘(2p+4) is evcn]

now f(f(f(kn)=27
= f(p+2)=27

(p+2) itself could be even or odd
case (i) is even or ( p is even)

Q.18
f(X)+f(x+4)="f(x+2)+f(x+6) ...(i)

j(p+2)=£%3=27

S p=52
case (i) If (p+2) isodd [i.episodd]
f(p+2)=(p+2)+3=p+5

= even number [ pis odd]
. f{p+2) can never be 27 (odd number) for
podd
k=2p+l
=2x52+1
k=105

Replace x with x —2to get f (x—2)+ f (x+2)=f (x)+ f (x+4) ..(ii)

Add (i) & (i) to get f(x—2)=f(x+6)
Replace x with x + 2 to get f (x)= f (x+8).

Hence f (x) is periodic with period 8.

99
Now > f (8n)=100f (0)=500.
n=0

Q.19
Letf(X)=ax+b &g (x)=cx+d.

Casel: f(-1)=0&f(1)=3,9(-1)=3&g(1)=0

_ 3X+3

Then f(x)= 5 &g(x):3_3X

2

Casell:f(-1)=3&f(1)=0,g(-1)=0&g(1)=3

Then f(x):3‘23X & g(x)=3X2+3.

Now f (X) =g (X) gives x = 0.
Q.20
Given X*f (x)+ f (1-x)=2x—-x" ...(i)



Replace x by 1 — x to get
(1- x)2 f(1-x)+ f(x) :2(1—x)—(1—x)4 ...(ii)
Eliminating f (1 — x) between (i) & (ii) gives

(2x—x“)(1—x)2 —2(1-x)+(1-x)"

or f(x)=1-x>
(1—x)2x2—1 ()

f(x)=

Q.21
fog =sin(tanx) & gof =tan(sinx)

Period of tan x is © and range of tan x is R.

Hence sin(tan(x+T))=sin(tanx)=T =n

& range of fog will be complete range of sine function i.e. [-1, 1].

Period of sin x is m and range of sin x is [-1, 1].

Hence tan(sin(x+T))=tan(sinx)=T=2n

Now as range of sine function is [-1, 1] which is a subset of (—g gj hence gof will be an
increasing function in each period.

Therefore Range of gof will be [-tan 1, tan 1].
Q.22

The domain of f is
D={x|x+4>0 andx -5 #0}
={x|x2-4 andx =85}
The range of f is
R={y:y=f(x)and xinD}

={f(x):x2—4and x £ 5}

5 " CJx+4-3 x+4-3 JYxede3 X+4-9
— (x)= Xx=5 x-3 X+4+3 (x—5)(Jx+4+3)
X-35 1

T (x-5KVx+4+3)  Jx+4+3 i R d, M

|
f(x), ., = 3 where x=-4

f(x),,, =0; and f(5) = %



Q.25
(A)  flex)]=f(1-Jx)=sin(l - Jx)

domainis x20; range[-1,1]

B)  glfx)]=1-Jf(x) =1- Jsinx

domain 2kn < x < 2kn+x;, range[0, 1]

(C) (fof)x)=f[f(x)] = f(sin x) = sin(sin x)

Domainx € R; range [~sin 1, sin 1]

D) (o)X =glg()]=1-Jgx) =1~ fI-Jx

domainis0<x<1; rangeis|0,1]

hence (B)and (D) have the same range |

26.
(a)

Let

prove that f{f{x))=x

fx)=1=2 =y ~{2) putting in (1)
1+x

we get |f(y_)- xl «A3)

or

flf(x)]) = x| proved.

1 x-1
)5 o

f(l]z-[l_x)a-f(x) proved.
X I+x

1-
@QR= [ -

l-(—x—2)_l+x+2= J+x

-1 x-2) 1-x-2 =-l-x

we have to prove that fl—x—2)=—f{x)-2

_[3+x]sx—l_2
I+x ) I+x

[3+x] x=1-2-2x
or— -

or

T4 x l4x

3+x 3+x

|+x=l+x pew.

w2)



27.

| b
f(ﬁ)m& (let

\ T+x

1-x

f(x)= s wl(1)

I-x

1-f(x) il v

1-x 1-t
—— = D t4ix=1-x =>x(1+)=1-t => x=—)|

I+t

T4x-1+x 2x

f) = 1+f(x) e

I+x

fFm)=x =
again from (1)

)-8

140/x) T x4

f(ﬂ -- (:TJ ==l =

1+(x+2)

-
1+x+1-x

E]

(A) is correct

(C)is correct

Also f(-x-2)=

1-x
and _f(x),2=_(—+2)=_
from (2) and (3)

f(-x-2)=-f(x)-2 =
hence A, C, D are correct ]

28.
(@)

W=

glx)=x'
Mx)=x+3

g(h(x))
g(h(x))+1

(h(x)"
(x+3)°

=(:u.‘i)'°+l

f(g(h(x)) =

(x+3)"

= (fogoh)(x) = m

(-143)"

= f(gth(-1)) = m

2° 10241024
241 102441 1025

fx+3) ¢
- J
1—(x+2) LxHJ ~A2)

1-x+2+2x x+3
). ()

1+x x+1

(D) is correct

(b)

Given F (x) = cos?(x + 9). Find the function f, g, h such that F = fogoh.
F(x) =cos’(x + 9)
. F(x) = fogoh
Since, there will be infinitaly many solution exist for F(x) = (£, goh) (x).
f{x) = cos?x
gx)=x
h(x)=x+9



29.

f{x)=man {x, 1/x} forx>0

xx x21

a(x)=(x).ﬂl/x)=[l_1 e

X X
the functions which is max. for x will be min for 1/x. .

30.

1-x, x<0

Given f(x) :{ ,

X°, x>0 & g(X):{l—x, x=>1
. 1-g(x), g(x)<0

f =
(i) Tog(x) {92(x), 9(x) >0

—X, x<0 — g(x)e(0,)
Now g(x)=4 -x, 0<x<1 — g(x)e(-1,0]
1-x,  x21 —g(x)e(-x,0]

2

X%, x<0
= fog(x)=41+x, 0<x<1
X, x>1

f(x) <1

N f(x),
(i) gof(x)= { F(x), F00>1

1-x, x<0 —f(x)e[lx)
Now f(x)=4 —x, 0<x<1 — f(x)e(0,1)
1-x,  x21 —g(x)e[lxo)

X, x<0
2

=gof (x)=4 —x*, 0<x<1
1-x*,  x2>1

31.

(x4
(L)

or f(—x)=—|og(x+x/1+7)=—f(x)

(@) f(—x):|og(—x+J1+7):>f(—x)=|og

:>f(—x):log(

1
X ++/1+ x2)

Hence f (x) is an ODD function.



a*+1 e
()  f(—x)=-x = _1:>f(—x):—x al_l
aX
:f(—x):—xizx or f(_x):xzszf(x).

Hence f (x) is an EVEN function.

(c) f (—x)=sin(—x)+cos(—-x)=f(x)=—sinx+cosx
Hence f (x) is nether EVEN nor ODD.

(d) f(—x):—xsinz(—x)—(—x)3 = f(—x)=—xsin’ x+x°
=f(—x)= —(xsin2 X —x3) =—f(x)
Hence f (x) is an ODD function.

(e) Same as (C)

1 2
(1 £ 2% )2 (1+2Xj
() f(—x)= > =f(-x)= T
2)(
(1427
=f(-x)= = =f(x).
Hence f (x) is an EVEN function.
X X xe* X
f(—x)=- ——+1=f(—x)= ——+1
©) (X) e -1 2+ - ( X) e’ -1 2+
=f(-x)= ¥ _x+Xia
e -1 2
o f(x) XXX X
e -1 2
X X
:>f(—x)_ex_1+5+1_f(x)

Hence f (x) is an EVEN function.
(h) Clearly f (x) is an even function.
32.
y=2%0% 48— 2"* =y_8
= log,, x =log, (y-8)

— X = 10|092(Y*8)



=f7(x)=10"%*, x (8,).
Now f*(x)=f(x)=f(x)=x

=100 =x

= x =10.
33.
Period of cos nx is 2n & period of sin5—x is Zﬂ thus
n n
period of f (x) is LCM {2_7: : 2n_n}
n 5
= LCM{E,%‘}:S: n=+143,+5£15.
n
34.
Domain = , 2z}, range= {1,2,3
main = {5.%,2) { } Case llI-3rdistrueie. - ' -

case I- I¥is truci.c.

fix)=1,fi=1,Rz)=2

fix)# L f(y)=1,f(z)#2 .
3
one-one function

not one —one function
Case II- 2™ is true i.e.

fix)« ;Ry)#1:Rz)=2

not one-one function

35.

x = log; + logs’ 1.5<log) <2

1
- '08;*5108:. |0g:"‘j < Iog’,h' <log™
]
x=log;+log,& 1.5 <log;™ <2
J<x<4

log2”® <log} <log} then [x]=3 Ans



36.

(@)

472)=A1) +A2)
1 1

A= 10 L0

T
9R3) =R1) +2) + 3)
8/3) = ——42‘”
0y _fm

6 1+2+3

f) _ (2005)x2 1
1+2434...+2004 2005x2004 1002

& soon

f3)=

f(2004) =

(©)
SU0) =02+ kx) = (x2 + kK + X2 + k)
FU ) =1(x) (k+ £(x)) =0
forf(x)and f(f(x)) to have same solution set
k+f(x)= 0 should have no solution
X+kx+k=0 =L
D <0 (for no solution)
k2-4k<0
Also for k = 0 both f(x)= 0 and
S(f(x))'=0 has same solution set !
ke|[0,4)

(€)

37.

(b)

(d)
Let,
NowW,

fix)=asinx +bi/x +4

S

F(X)~ Vx? +ax - Vx? +bx
(a-b)

f(x)= I+ (@/x) + 1+ (b/x)

F(X) g ™
L=1 Ans.]

(onrationalising) |

—

2 (x = x)

2x+ 1=t

4+ 14x=(2x+ 12 +10x~1
“(2x+1P+5(2x+1)-6

ft)=12+5-6

f(xX)=x?+5x-6=0 = x=1or-6

= f(bgm— b&o(lm, 10))

f(_ b8|o(|08;|0))
—[asinx +bx'3)+ 4
=-1+4=3 Ans

flg(x)) and f{g(x)) are identity function when f{x)and g(x)are inverse to each other

fix)=ax + b(let lincar function)

i(x)=y g(x)= ()
-b
fy)=x 8=~ — &
ay+b=x gls)= S_;f_ fix)=ax+b
x-b
y= " fl0)=6
I la ) /!

17= '.-::a =17 | 4=0

then f{2006) = a.(2006) + b
1
= '—,,'(M)+4

=122 Ans



38.
fix +y) - kxy = fix) + 2y?
f(1)=2
f2)=8
y=-x
f(0)+ kx? = fix) + 2x2
fix)=(k-2)x2 +§0)
=fi1)=(k~2)+f0)
k-2 4+f(0)=2
k+1(0)=4
f{2)=(k~2).4+ f0)
4k +fl0)= 16
k=12
k=4 fi0)=0

(1)

~(2)

«(3)

putin (2) f{x)=2x2 then f{x +y) f[ —I—]-khn
X+y
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