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FUNCTION
EXERCISE # 1
ti . _3_ _3-
S0 pomain (i) = xe (_oo, Bﬂ U{ 35 ,wj
2
Q1 Domain ofy:loglo(sxllx J: ( ] [ ;
(A) (0,5) (B)[1.4] . — — >
(C) (0, 0) U (5, 0) (D) (-0, 1) U (4, ) -3.3.J5 —34450
Sol. [A] 2 9
2
X =XT 0 = xP— 5x <0=x(x-5)<0 xe{-3, 0}
t - — Q.4  The domain of sec‘l(z_lx |) is
0 5 4
Hence x&(0, 5) (AR (B)R-(-1,1)
(C) R- (_31 3) (D) R-— (_ 61 6)
Q.2 The domain of definition of Sol. D]
fox)= Y 2037 902" . secl(%] >0 and domain of sec 'x
VX2 +2x+8 _
(A) (L, 4) (B) (-2, 4) sxeR-(-1.1)
©) (2. 4) (D) [2, ) 2y, o EIX
Sol. [D] 4 4
X*+2x+8>0 hereD=4-8(4)<0 2—[x|=4 2-[x|<-4
X+ 2x+820 vV xeR _Ix|>2 _Ix|<-6
—logos(x—1)>0=logos (x—1)<0 x| < -2 IX|>6
=>x-1)>1
x> 2 Not possible = Xe(—o, — 6] U [6, )
RN [2' OO) — [2' OO) S XeR— (— 6, 6)
Q.3 The function Q.5 The domain of the function
' f(x) = 24-%Cy,_, +%0-6%Cq, S -
f(x) = cot™ /(x+3)x + costvx®+3x+1 is e X 5 Xl* )
defined on the set S, where S is equal to: (A) {2, 3} (B){1,2,3}
(A) {0, 3} (B) (0, 3) (©) {1,234} (D) None of these
(C) {0, -3} (D) [-3, 0] Sol.  [A]
Sol. [C] #XCax 1+ P Cax10 = f(X)
X(x+3)>0 (1) Casel :
S = _+ 24-x>3x-1 & 3x-1>0
R 0 = x< 2 & x>1
= Xe (—o0,-3] U [0, x) ...(i) 4 3
1< X2 +3x+1 <1 Case Il :
2 40-6x>8x-10 & 8x—-10>0
= X" +3x+1<1 o5 5
x> +3x+120 ....(iii) X< = & Xz
(i) = xe[-3, 0]
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< -l/.\\ d >
5 5 5
15 22 Q.8
3 4 7 4
X e E,é = Xe [1.25, 3.57]
47
but xel = xe{2, 3} Sol.
Question
based on Range
Q.6 The range of the functiony = ; is:
2-sin 3x
1 1
A =1 B)|=,1
( )[3 j ( )[3 j
1
©) [5,1} (D) None of these
Sol. [C] Q9
y:—l_ -1<sinf<1
2—-sin 3x
-1<sin3x<1
1>-sin3x>-1
3>2-sin3x2>1
lg—l <1 Sol.
3 2-sin3x
1
srange e| =, 1
’ 6[3 }
Q.7 The value of the function
2 —
f(x) :W lies in the interval -
X“+X-6
1
(A) (=0, ) — {g: 1} (B) (= o, )
(C) (oo, 0)—{1} (D) None of these
Sol. [A]
2 2
f(x):x =3X+2 X" —=2X—-X+2

X2+X—-6 x2+3x—2x—6

X(X+3)-2(x+3) (X+3)(x—-2)

' 40
X+3
Xy+3y=x-1= 3y+1:X
1-y
=>yeR-{1}

1
atx=2,y==
y 5

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

#2

range y € R — {%1}

Find the range of the following function,
y= Iogﬁ(\/i(sin X —C0SX) +5)

(A)R (B) Z
(C) [log, 4,log, 5] (D) [2log, 3, 2]
D]

y= Iogﬁ(ﬁ(sin X —C0SX) +5)

—J2+2<42 (sinx—cos X) < 2+2
—2+5<42 (sinx—cosx)+5<2+5
log > 3<log - [v2(sinx—cosx) +5]<log - 7

2log:3<y<2
. range € [2 log; 3, 2]
Which of the following function (s) has the

range [-1, 1]
(A) f(x) =cos (2 sin x)

1
(B) g(x) = cos [1_1+x2j

(C) h(x) = sin (log, Xx)
(D) k(x) = tan (¢")
[C.D]

(A) f(x) = cos (2 sin x)
~1<sinx<1
—2<2sinx<2
-2<t<2

cost

-\\ /\ ,I,.
‘ol _Jcos2 N\’

range € (cos 2, 1]

(B) f(x)=cos (1—1 ! 2)

+X

1
1+ x?

-1<1- <1
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(C) h(x) =sin (logxx)
-1<logyx<1

-1<t<1

Sol.

(A) one—one & onto
(C) many one & onto
[A]

(B) one —one & into
(D) many one & into

Q.13

f(x) = x3 + x% + 3x + sin x
f(x) — cubic polynomial — onto function
f(x) = 3x* + 2x + 3 + cos x > 0 always as
coeff of x* is +ve
.. No sign change - NOT many one

Which of the following function from
A={x:-1<x<1} toitself are bijections-

(A) f(x) = x/2
(C) h(x) = x|

(B) g(x) = sin (nx/2)
(D) k(x) = x2

(D) f(x) = cos (&%)

Sol.

—1<cose*<1

Question

o Kinds of functions

Q.10 Letf:R — R be afunction defined by
X2 +2x+5 .

—is:
X2 +x+1

(A) one-one and into

(C) many-one and onto

[O]

f(x) =

(B) one-one and onto
(D) many-one and into

Sol.
2.5

x> +2x+5 T x  x2

. -

X% +x+1 1+1+i2
X X

feo)=1 & f(-o0)=1

.. many one function

f(x) =

if f(X) > 00 = x*+ x + 1 —— 0 which
is false as x> + X + 1 £ 0 V xeR
*.into function.

Q.11 The function f : [2, ©) — Y defined by

f(x) = x> — 4x + 5 is both one—one & onto if:
(A)Y =R (B)Y = [, =)
(C) Y =1[4,x) (D)Y =[5 x)
[B]
f(x) = X* — 4x + 5 — its one-one & onto
F')=2x-4 iff'X)=0=>2x=4=>x=2
Q) fQ) =1

4 5

(i) feo) = 1— =+ =1
X X

Q.14
Sol.

Sol.

- f(X) e [1, 00)

Let f: R — R be a function defined by
f(x) = x* + x* + 3x + sin x. Then f is :

Q.12

Question
based on

[B]

We have to check for every options as :
ForA:f(x)=x/2=y; -1<x<1
x=-1, y=-12= x#y
x=1,y=12= x=y

*.option (A) is wrong

For B : yzsin[%};—lsxgl
. —T
Forx= -1, y= sm(Tj =—1=x=y

Forx=1,y= sin(gj = 1=>x=y

Hence option (B) is correct

For C y=|x|=>y=%X
Forx=-1,y=p1
Forx=1,y=%1

.. Option (C) is wrong

ForD: y=x’

Forx=-1, y=1=x=y
Forx=1,y=1=x=y

Both must be satisfied simultaneously.
*. Option (D) is wrong.

Inverse function

If f (x) = x3— 1 and domain of f = {0,1, 2, 3},
then domain of f 1 is -

(A {0,1,2,3} (B) {1,0,-7, 26}
(C){-1,0,7,26}  (D){0,-1-2, -3}
[C]

X f(x)

. Domain of £ (x)
= range of f(x)
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={-1,0,7, 26}
. . e —e™*
Q.15 The inverse of the functiony = —
e’ +e
1 1+x 1 2+X
A) = log —— B) = lo
()2 g1—x ()292—x
(C)%Iogi_—x (D) 2 log (1+ X)
Sol. [C]
2X
= = L Let o=t
e +1
t-1
=—— >ty+y=t-1
Y t+1 vy
L y+l
1-y

t . .
S Composite function

Q.16  The function f(x) is defined in [0, 1] then the
domain of definition of the function

f[An (1-x2)] is given by :

(A) x € {0}
(B)x e [-V1+e-1] UL+ Vi+e]
(C) X € (o0, )
(D) None of these
Sol. [A]

f(x) where x€]0, 1]
f (\n(1—x%)) where 0 < An (1-x9) <1

1<1-x*<e
0<-x*<e-1
0>x*>1-¢e
(i) x=0
(i) xe (— o0, —1-e JU[+1-¢, )
J \2
Imaginary numbersas 1 <e
0
= xe{0}
Question

e Periodic function

Q.17 If f: R — Risafunction satisfying the property
f(x +1) + f(x + 3) = 2 V¥ x eR then the period
(may not be fundamental period) of f (x) is

Sol.

Q.18

Sol.

Q.19

Sol.

Question
based on

Q.20

Sol.

(A)3 |4 ()7 (D)6
[B]

X—>X+2
(i) f(x+3)+f(x+5)=2
MHfx+1)+f(x+3)=2
(i)-()=>f(x+1)=f(x+5)
f(x+1)=Ff(x+1)+4)
Hence T=4

The fundamental period of the function:
f(x) = x +a—[x + b] + sin nx + cos 2nx
+sin 3nX + €0S 4nx + ... + sin (2n — 1) ©x
+ cos 2 nnx for everya, b € R is:
(where [.] denotes the greatest integer function)

(A)2 (B)4
€)1 (D) 0
[A]

f(x) =x + b —[x + b] + sin nx + cos 2rx +.....+
cos 2rnx +a—b
={x+b}+sinnx+cos2nx +....+a—b

{
T 1, 2
LCM.=2
Thus period =2

Let f(x) = sin y/[a] x (where [ ] denotes the

greatest integers function). If f is periodic with
fundamental period =, then a belongs to -

(A)[2,3) (B) {4, 5}
(€) [4. 9] (D) [4.5)
[C]

f(x) = siny/[a].x

sin 4/[a] .x is Periodic with Period 2n

Jla]

2n

g =n = 4J[a]=2 = [a] =4= a=5
Vlal

a e [4,5]

.. option (C) is correct Answer.

Even and odd function

Which of the following is an even function?
a* -1

(A)x — (B) tan x
+1
a*—-a* a*+1
© ©) 2
Al 7
WF=(02 "2a(xt =f
at* +1 1+a*
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Q.21

Sol.

Question
based on

Q.22

Sol.

Q.23

Sol.

(B)f(=x)=-1(x)
C)fEx)=-1()

O fCx=2 =

Hence (A) is an even function

Which of the following function is an odd
function

(A) £(X) = V1+x + x>
(B) f(x) = x(a +1J

~1ox+x?

-1

(C) fx) = log (1+_sz j

(D) f(x) = k (constant)
[A]

(A) F(X) = V1-x+x2 —14x+x2
(B) f(x)= (—x)(“z J (%)

(C) F(X) = log ( L+X j
X
(D) f (x) =k (even)

= f(x)

Miscellaneous

The set of points for which

f(x) = cos (sinx) > 0 contains -

(A) (=0, 0] (B) [-1,1]

(C) (o0, ) (D) All are correct
[D]

Since, -1 <sinx <1

hence for

sinx € [-1, 1]

= -1<x<1

*. Option (B) is correct Answer

If [x] stands for the
function, then the value of

1 1 1 2 1 999
~ + =+ Foernn o —
{2 1000} {2 1000} [2 1000}

greatest integer

(A) 498 (B) 499
(C) 500 (D) 501
[C]

Greatest integer function defined as [x] < x for all
X € R.

then
1 1 1 2
|+ | =+ Foins
{2 1000} [2 1000}
+ l 99 (999 term)
2 1000

Q.24

Sol.

Q.25

Sol.

. 1 1 1 2
e | =+ + =+ Forrrins
{2 1000} {2 1000}
1 499 1 500
ot — —t— |t
2 1000 2 1000

1 999
+ | =+ —
2 1000
First 499 terms, each will be zero and remaining
500 terms will be as follows
1 999
=+ —
2 1000

1 500 1 501
S| S+ ... +
2 1000 2 1000

=1+1+1 . + 1(500 terms) = 500
", Option (C) is correct Answer.

Let the function f(x) = 3x2—4x +8log (1 +|x|)
be defined on the interval [0, 1]. The even
extension of f(x) to the interval [-1, 0] is -

(A) 3x2+4x + 8 log(1 +|x|)

(B) 3x2—4x + 8 log(1 + | x|)

©) 3x2 +4x -8 log(l+|x]|)

(D) 3x*—4x—8log (1 +|x )

[A]

f(x) = 3x? — 4x + 8log(1 + |x|) ; x € [0, 1]

f(—x) = 3x* + 4x + 8 log(1 + [x|) ; x € [-1, 0]

*. Option (A) is correct Answer.

Let f: N —> N where f (x) = x + (- 1) * ' then
fis-

(A) Inverse of itself
(C) periodic

[A] .
f(x) =x + (-1)°

f()—{xj_

(B) even function
(D) identity

X e odd natural number
X € even natural number

=f(x)
« = y—-1; yeodd naturalnumber
y+1 ; vy eeven naturalnumber
Xx—1 ; X e odd naturalnumber
f1(x)= -
X+1 ; X eeven natural number

.. f(x) is inverse to itself

True or False type Questions |

Q.26

Sol.

The range of the function

f(x) = cos(cos*{x}) is [0, 1].

(where {-} denotes the fractional part function)
[False]

f(x) = cos(cos *(x))

{x} = Fractional Part = x — [X]

y = cos(cos {x})

= cos {x} = cos 'y

= {x} =y

But0<{x}<1
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Q.27  The function f(x) = is periodic with

= 0<y<l=yel[01)
period .
Sol. [False]

Range € [0, 1)
.. Answer is False

coss[ij

2

f(x) = cos(cos *(x))
{x} = Fractional Part = x — [X]
y = cos(cos {x})
= cos {x} = cos 'y
= {x} =y
Buto<{x}<1
= 0<y<l=yel01)
Range € [0, 1)

.. Answer is False
Q.28  Domain of the function f(x) = (1 — 3x)3

+ 3cos 1 [M} Bt x g —E, =2
3 33

Sol. [False]
13 1 (2x-1 3tan X
f(x) = (1 —3x)"" + 3 cos —3 +3
(1 - 3x)* to be defined for x € R.

cos?t (2x3—1) to be defined for -1 < 23—

<1

= —-3<2x-1<3
= 2<2x<4
= -1<x<2
tan 'x to be defined for x € R
Hence, domain € [-1, 2]
. Answer is False
[E _L 3 —1} — [-1, 1] is defined by
4 2 4 2
f(x) = sin (2x + 1), then f is one-one and onto.
Sol. [True]

Q29 Iff:

f(x) =sin(2x + 1)
we can draw graph of sin (2x + 1) as:

Edubull
Which shows f(x) is one-one

y=sin2x+1) = 2x+1=sinly
sin’ly—l
2

L1 L1
0= flsm_zy—l] :Sin{zﬂ_zy—lﬂl

=sin[siny — 1+ 1]

= X=

= fx)=y
. f(x) is onto mapping
.. Option is true.

Fill in the blanks questions |

Q.30  The number of bijective functions from set A to
itself when A contains 106 elements is.........

f:A—> B
Sol.

We take general case If Aand B are finite sets
and f: A— B is a bijection. Then A and B have
the same number of elements. If A has n
elements, then number of bijection A — B
Here, X can take (n) images

X, can take (n —1) images

X3 can take (n — 2) images

X, can take 1 image
Thus, total number of mapping are,
n(n-1) (N -2) ..cccoeveeee. 2) (1)
Therefore, number of bijection from
A—B=n!
But our case is for n = 106
Number of bijective functions from set A to
itself = 106!
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EXERCISE # 2

Only single correct answer type
guestions

Q.1

Sol.

Q.2

Sol.

The function f(x) = \/log;o cos@nx) exists -

(A) for any rational x

(B) only when x is a positive integer

(C) only when x is fractional Q.3
(D) for any integer value of x including zero

[D]

If f(x) = ,/logygcos2mx exists, then

logyo cos2nx > 0 and cos2nx >0
or cos2nx > 1 and cos2nX > cos n/2
or €o0s27x > c0s0° and cos2nx > cosm/2
or 2nx > 2nt and 2nx > 2nz + ww/2
or Xx=n and x>nzxn/4

Sol.
where, n e Integer
@ @ L
n-1/4 n n+1/4

If we take x > n + 1/4, then x > n will be excluded
which is not possible

If we take x > n — 1/4, then x > n will be included
which is possible

Therefore,

Option (D) is correct answer.

The domain of the function sec1[x2
given by—

where [-] is greatest integer function -
(A)[0,1] (B) (=0, 0] v [1, )

© {1 \/_1+\/_

—X+1],is

Q.4

} (D) None of these

[B]
sec '[x* — x + 1] to be defined, if Sol.
sec ' [X*—x+1]<-1 orsec ' [xX*—x+1]>1
From the definition of greatest integer,
[X] <x
sect [x¥*~x+1]>1 possible

Ce
|
<
D
[y

+ve +ve

Xx<0

O<x<1 x>1

.X<0 or x=>1

Domain € (—0, 0] U [1, o)

The domain of definition of the function

-1
f(x) = cot X , Where [X] denotes the
¢ -1}

greatest integer less than or equal to x is -
(AR
(B)R—{t vn

(C)R-{0}
D)R—{n:neTl}

[B]
f(x) = &to be defined,
O -1}
cot’x, x e R
Also, X* — [x°] > 0 and x*
or, x* > [x*] and x*# [x?]
from definition of greatest integer, we know
[X]<x= x*>[x]
But [x°] > [x]?

‘neltu{0}}

—[¥*]=0

= x? > [x]?* and x* = [x]?

= X <—[x] orx>[X]
and x = £ [X]

= x>0andx =0

Only possibility is option (B).

The domain of the definition of

f(x) = log{(log x)2 - 5 log x + 6} is equal to-
(A) (0, 109 (B) (108, )

(C) (107, 109) (D) (0, 109) U (103, w0)
[D]

f(x) to be defined if

{(logyox)? - 5logyex + 6} > 0 and x > 0

i.e. (logyex—2) (logiex —3)>0and x>0

i.e. logioX < 2 or logex >3 and x > 0

Thensec '@ —x +1] > 1 i.e.x<10%0orx>10%and x > 0

or [X¥-x+1]>0 <— —>
2 - - A4

or x*-x)=0 0 102 10°

or X(x—1)>0

Power by: VISIONet Info Solution Pvt. Ltd

Website : www.edubull.com

Mob no. : +91-9350679141




Edubull

Q5

Sol.

Q.6

Sol.

Domain e (0, 10%) U (10, «)

IfA= {x:ﬁsxsﬁ}and
6 3

f(x) = cos x — x (1 + x) then f(A) is equal to-

®|z+3(-3) 753

[C]
We have to find value of f(A).
Simply we can put A=x at x = n/6
and A= xat ©/3 in f(x)

A=xatx=mn/6
f(A) = f(n/6) = cosn/6 — n/6(1+7/6)
NER ( TEJ
= — _— _ [1+=
2 6 6
A=xatx=mn/3
f(A) = f(r/3) = cosn/3 — w/3(1+ =/3)
1 T
== - Z(1+ /3
2 "3 (1+ n/3)
Hence f(A) in /6 < X < /3 is
L T, ﬁ—f(lm/e)
2 3 2 6

.. Option (C) is correct Answer.

If A be the set of all triangles and B that of
positive real numbers, then the mapping
f: A — Bgiven by f(A) =area of A, (A € A) is
(A) one-one into mapping

(B) one-one onto mapping

(C) many-one into mapping

(D) many-one onto mapping

[D]

f:A—>B

f(A) =areaof A, (A € A)

Area of A will be same for different sides
combination

Q.7

Sol.

Q.8

Sol.

{
I
I
I
I
I 7
i

1
I
I
n

w f(x) =f(y) butx =y
" It is many one mapping
It will also be onto mapping
Given function is many-one onto mapping

Letf:R > A= {y|0£y<g} be a function

such that f (x) =tan1 (x2 + x + k), where k is a
constant. The value of k for which f is an onto
function, is -

(A)1 (B)O0
(C) 1/4 (D) None of these
[C]

f:R>A={y; 0<y<n/2}
f(x) =tan (¢ +x+ k) =y
tany = x> + x + k

fory=0, x*+x+k=0

= —1++1-4k
2x1
For onto function, 1 —4k =0

k=1/4
*. Option (C) is correct answer.

Which of the following functions are not
injective mapping-
(A) f(x) = [x + 1|, x € [-1, =)

(B)g(x):x+§; X e (0, )

(©) h(x)=x2+4x-5;x € (0, x)
(D) k(x)=e>*; x € [0, )
[B]

We have to check for every option
ForA: f(x)=|x+1|;x € [-1, »)

x+1]=x+1
1 —> in
For one-one

fx)=fly)y =>x+1=y+1
=>x=y forx e [-1, x)
option (A) is Injective

ForB:g(x)=x+1 ; X € (0, )
X
1

1
Ifg(x)=g(y) =>x+ = =y+ —
X y
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Q.9

Sol.

Q.10

= (x-y)+ 2=
y
= x-y)+ X2 =0
y
= oy 2o
Xy
= x=yandxy—-1=0
= X¥-1#0 = x=#1
But x € (0, )
0 1 — +x

Hence option (B) must-not be Injective
ForC: h(x)=x*+4x-5; x € (0, «)
Ifh(x) =h(y) = x* +4x-5=y’ +4y -5
=>X-y)(x+y)+(x-y).4=0
=>X-y)(x+y+4)=0
= Xx=yandx+y+4=0
= X #-2
But x € (0, »)
*. Option (C) must be Injective
ForD:k(x)=e™;x € [0, )
Ifk(x) =k(y) =>e*=¢”
= -X=-y
= x=y forx e]0, )
.. Option (D) is Injective
-. Correct option is (B)

Let f be an injective map. with domain {x, y, z}
and range {1, 2, 3}, such that exactly one of the
following statements is correct and the
remaining are false : f(x) = 1, f(y) = 1, f(z) = 2
The value of f 1 (1) is -

(A) X B)y
(©)z (D) None of these
[B]

From given statement, following combinations
may be generated as —
f(x) = 1, f(y) = 1, f(z) =2 one-one not exist
f(y) = 2, f(z) = 2, f(x) = 3 one-one not exist
f(y) =3, f(z) = 2, f(x) = 3 one-one not exist
f(z) = 1, f(x) =2, f(y) =1 one-one not exist
f(z) = 3, f(y) = 1, f(x) =2 one-one mapping
Hence, f*(1) =y

*. Option (B) is correct Answer.

Letf: R > Rand g : R —» R be two one-one
onto functions such that they are mirror image
of each other about the line y = 0, then

h(x) = f(x) + g(x) is-

Sol.

Q.11

Sol.

(A) one-one and onto
(B) one-one but not onto

(C) not one-one but onto

(D) Neither one-one nor onto

[D]

We have to choose two functions which are
Bijective and mirror image about y = 0 i.e. about
X-axis.

N

|~
0,1)

(_11 O)

(0,-1)

Let:f:R > Rsuchthatx+y=1
iey=x+1
f(x) =y =x + 1 is one-one as well as onto.
Alsog:R —»> Rsuchthat—x-y=1
iey=-x-1
g(x) =y =—x-—1is one-one as well as onto.
f(x) =x + 1 and g(x) = — x — 1 are image about
liney=0
From given condition, h(x) = f(x) + g(x)
h(x)=x+1-x-1=0
h(x)=0
which shows that h(x) is neither one-one nor onto
.. Option (D) is correct Answer.

Which of the following functions is inverse of
itself -

(A f () = 1‘—X (B) g (x) = 5/09x
+ X

(C)h (x)=2xx1) (D) None of these

Al

We have to check for every options as :

ForA: y= ﬂ = l-x=y+yx

1+Xx
= 1-y=x(1+y)
o yx= 1Y
1+y

which shows functions is inverse of itself.
. Option (A) is correct Answer.
For B : y = 5% = logy = logx log5
= logx = logsy
— X= e|095y
which is not inverse of itself.
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Q.12

Sol.

Q.13

Sol.

Q.14

Sol.

Similarly for C; y = 2**D

logy = x (x - 1) log2

logoy = x(x — 1)
which certainly not show inverse of itself
.. Only option (A) is correct Answer.
Period of f(x) = e=® + sin = [X] is (where, [.]
and { } denote the greatest integer function and
fractional part of function respectively).

(A) 1 (B) 2
) n (D) 21
[A]

f(x) = e + sing [x]
period of {x} =x—[x] is1
Also Period of sinr [X] is ﬁ =1
Y
LCMof(1,1)isl
*. Option (A) is correct Answer.

If f(x) = cos (ax) + sin (bx) is periodic, then

which of the followings is false -

(A) aand b both are rational

(B) non-periodic if a is rational but b is
irrational

(C) non-periodic if a is irrational but b is
rational

(D) none of these

[D]

f(x) = cos(ax) + sinbx

cosax is periodic with period = 2n/a

sinbx is periodic with period = 2z/b

1 L.C.M of {Z—R E}

2 a b

Option (A), (B), (C) are correct

.. Option (D) is correct Answer.

The function

f(x) = 2(x — [x]) + sin2m (x —[x]) is -
(Where [.] denotes greatest integer function)
(A) Non periodic

(B) periodic with period 1

(C) periodic with period 2

(D) None of these

[B]

f(x) = 2(x — [x] + sin’m (x —[x])

X — [X] is periodic with period 1

sin“e (x—[x]) is periodic with period 1
f(x) is periodic with period 1

.. Option (B) is correct Answer.

Q.15

Sol.

Q.16

Sol.

If f: [-20, 20] — R is defined by

2
X : . .
f(x) = {—} sin X + cos X, is an even function,
a

then the set of values of a is-

(A) (—o0, 100) (B) (400, )

(C) (- 400, 400) (D) None of these
[B]

f:[-20,20] > R

52
f(x) = | — | sinx + cosx
a

since f(—x) = f(x)
2

2
X . x| .
— | (=sinx) + cosx = | — | sinx + cosX
a a
.
a

X

or sinx=0

m|><,\,

sinx=0

2 2
sinx = 0 But [X—}EO or [X—} =0
a a

x2 x2
If | — | =0. It means — must be +ve
a a

fractional number less than unity

i.e. a — value greater than x

2 x2

If | — | #0. It means, value of — is1
a a

. a € (400, )

.. Option (B) is correct Answer.
Let f be a function satisfying f (x + y) = f (x).f (y)

n
for all x, y € R.If f (1) = 3 then ) f(r) is

r=1
equal to -

(A)%(snfl) (B)gn(nu)

(C)3m1-3
[A]

Given f(x+y) = f(x). f(y) for all x, y € R and f(1)
=3

(D) None of these

then Zn:f(r) =f(1) +f2) +f(3) + ......... +f(n)

r=1
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Forx=y=1;f(2) =f(1).f(1) =3.3=9
Forx=1,y=2; f(1+2)=f(3) = f(1).f(2) =3.9=27
Forx=2,y=2;f(2+2)=1(4)=1(2).f(2) =9.9=81

Then Zn:f(r) =f(1) + f(2) + f(3) + f(4) +

r=1
........... n terms
=3+9+27+81+ ... n terms
=3[1+3+9+27+ ... n terms]
= 3[A G.P. with common ratio 3 and
first term 1]
n
-3 D 3 (3"-1)
3-1 2
.. Option (A) is correct Answer.
Q.17 Iff(e) =
(2c0s0—1)(2c0s20 —1)(2c0s40 —1).....(2cos2" 0 —1)
2c0s2"0+1
2n
forn e Nand 6 #2mn + ?,me I,
then f(r/4) =
(A)1- 2 B) V2-1
C) V2+1 (D) None of these
Sol. [B]
Given
f(6) =

Q.18

Sol.

Q.19

(2c0s0 —1) (2c0s20 —1)(2c0s40 —1).....Qcos2" 10 1)

(2cos2"0+1)

ForneNand 0= 2mn+27/3, m e I.

we have to find f(r/4) = ?

f(6)=

(2c0s0—-1)(2c0s206—-1)(2cos40-1)..... QcosZ”fle—l)

1+2c0s20+2c0s46+2c0s80+2c0S160 +.......+...nterms
_ (2c0s0—-1)(2c0520—1)(2c0s40—1).....Rcos2" 0 —-1)
B 1+ 2[c0s26 + c0s40+Cc0s60 +c0s80 +........ ]

f(r/4) =
(2cosmt/4-1)(2cosn/2-1)(2cost—1)(2cos2n —1)
(2cos4n —1)(2cos8n —1).....
1+2 cosm/2+2c0Sm+2C0S21+ 2COS4T +........
_ (2-) )OO @)........
14042(-D)+2+2+.........

/) = V2-13  _ 3(/2-1)
1+0-2+2+2 1+2(n-3)
_ 3(2-1)
2n-5

f(n/4) = 3(\2 — 1)/ (2n-5), n e Natural number

Sol.

If f(x) = [x4] — [x]? where [-] denotes the
greatest integer function and x e [0, 2], the set
of values of f(x) is -

(A) {-1,0} (B){-1,0,1}
(©) {0} (D) {0, 1,2}
[D]

f(x) = ] - [x]*; x € [0, 2]

We can explain this example with general case as.

Let f(x) = [x*] - [x]*; x € [0,n],n e N

Forn-1<x<n

[X]=n—-1 andx=n=x*=n’

=[x]=n*-1

- () = ¥ - [X?
=n’—1-(n—-1)°
=n?-1-n"—1+2n
=2n-2

ie. f(x)=0,2,4,6, ..ccccunnnn. 2n -2
N

Total elements (2n — 1)
Similarly, f(x) = 2 (For our Problem)
i.e., f(x) will have 3 elements
But x € [0, 2]

Domain of y = \/— log X+4(|ng 2x—1j
S 3+X

(A) (-4, -3) U (4, ») (B) (~0, -3) v (4, =)

(C) (0, 4) U (3, %) (D) (-4,-3) v (3.,4)
[A]

2x-1
y=_|-log x+4(|092 ]
> 3+X

X+4 2x-1

(o< <1 =log, >1
3+X
4<x<-2 2x-1.,
3+X
-1 500 50
3+ X 3+X
—+ = Xe (-3
-3
—>
D —
—_—
I + I — |+
4 -3 2
X e (-4,-3)

i) X4 21 S 0<log, [ XL <1
2 X+3
X>-2 1< 2X_1g2

3+X
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X1 5c08 21 150 ie. — 1 9
3+X 3+x X(3x2 +2x 1)
U ie 3x-1
= <o X € (co0,-3) U (4, ) ...(iii) T XEX =D (x+D)
3;X Either (3x — 1) < O and x (3x — 1) (x + 1) < 0
>0 X e (-3, iv or(3x—-1)>0andx(3x-1) (x+1)>0
3+x (3> ) Case | : When (3x— 1) < 0 and X(3X— 1)(x + 1) <0
(iv) niii) = X € (4, ) o g .
- Final (i U ii) -1 0 13
= (—4,-3) U (4, ») or x<1/3 andx (3x—1) (x+1)<0
For0<x<1/3,f(x)>0
SRR One or more than one correct For-1<x<0, f(x)<0
answer type questions For x<-1, f(x)>0
X e (co0,-1) U (0, 1/3)
Q20 If f(x) = X2~ | x|, g(X) = ———— then Drsg Case I1 : When (3x—1) >0 and x (3x —1) (x+1) >0
V9—x2 ie.x>1/3andx (3x—1) (X +1) >0
contains — 1
(A) (3,-1) (B)[1,3) Xel3®
(C) [-3,3] (D){0} v [1,3) . )
Sol. ~ [A/B,D] Required Domain e (0, —1) U (0, 5) v (§ , 0)
_ [2 -1
fo) = Vx“=Ix1. 909 = 9 x2 . Options (A), (B), (C), (D) are correct answers
f(x) to be defined if Q.22 If D is the domain of the function
X2 — x| =0 = x*> x| 3x —1
= _ in—1
x>0 f(x) = v1-2x + 3sin ( > jthenD
= X(x-1)=0 contains-
Ve o v 1 +ve (A) [_1, 1} (B) [_l, o}
ie.x<0orx>1 32 3
g(x) to be defined if 9 —x*>0and 9 — x*# 0 ©) [_} 1} (D) F 1}
=x*<9and x*#9 3 2
=>-3<x<3andx=+3 Sol. [A,B]
3 0 E 3 f(x) = JI_2x +3sin™ [3)‘1}
—3<x<0 1<x<3 2
Required Domain € (-3, 0] U [1, 3) f(X) to be defined if

.. Option (A), (B) and (D) are correct answers.

1-2x>0and-1< [sz_lj <1
3x-1

QAL 3x3 +2x2 —x and S = {x] f(x) >0} orx<1/2 and -2<3x-1<2
1 orx<1/2 and-1/3<x<1
A) (—o0, -2 B) | =,5
QIS RIS : :
1 -1/3 172 1
(C) (o0, -1) (D) (0, =) — 4%
3 11
sol.  [AB.C,D] <132
f(x) = ~ sz_i and S = {x|f(x) > 0} .. Option (A) and (B) are correct answers.
X +2X° =X
0= — >0
3X7 +2x° =X
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Q.23 LetA=R-{2}andB=R-{1}.
X-3

Let f : A — B be defined by f(x) = <2

then—

(A) fis one-one

(C) fis bijective
Sol. [AB,C]

Given

(B) fis onto
(D) None of these

A=R-{2}
B=R- {1}

f:A>B; f(x)= x=3
X—2

Q.25

For one-one : f(x) = f(y) Sol.

=>x=-3)y-2)=(y-3)(x-2)
=Xy-3y-2X+6=Xy—-3x-2y+6
= X=Yy

i.e. f(x) is one-one mapping

Q.26

Foronto:y = X—_z =X-3=yx-2y
X_

=2y-3=x(y-1)
. y= Y-8 Sol.
y-1
x-3 7 _13 -3
_ X5 _ ¥y-
f(x) = =
y-1
fx) =y
i.e, f(x) is onto mapping
*. Option (A), (B) and (C) are correct Answer.

_ 2y—-3-3y+3
2y—3-2y+2

Q.27

sin 7[x] Sol.

Q24 IfF(X)=

, then F(x) is:

(A) Periodic with fundamental period 1
(B) even
(C) range is singleton

(D) identical to sgn [sgn {L] -1, where {x}
Vix}
denotes fractional part function and [.] denotes
greatest integer function and sgn (x) is a
signum function.
Sol.  [AB,CD]
A,
{x}

f(x)=

not defined x e |
0 x el

Period =1
Even function

Q.28

LCM.:T= 2n

g (x) = sgn [signum {L}J‘—l
442 3%
144424443
1

=0 — same domain & range

Let f: [-1, 1] — [0, 2] be a linear function
which is onto then f(x) is/are.

(A)1-x (B) 1 +x

(C)x-1 (D) x +2

[A, B]

f:[-1,1]—> [0, 2]

f (x) =axtb — onto
checking options

.. range = codomain

Function f(x) = sin x + tan x + sgn (x° — 6x + 10) is
(A) periodic with period 2x

(B) periodic with period

(C) non-periodic

(D) periodic with period 4n

AL ,

f(x) = sln X + tan x + sgn (X" —6x+10)

2, 2

In the following functions defined from [-1, 1]
to [-1, 1] the functions which are not bijective are:

(A) sin (sin'x) (B) Zgint (sin x)
T

(C) (sgn x) An " (D) x® sgn x
[B,C,D]
fi11 11— [1, 1]

Checking equations

Assertion-Reason type Questions

The following questions 28 to 31 consists of
two statements each, printed as Assertion
and Reason. While answering these
questions you are to choose any one of the
following four responses.

(A) If both Assertion and Reason are true
and the Reason is correct explanation of the
Assertion.

(B) If both Assertion and Reason are true
but Reason is not correct explanation of the
Assertion.

(C) If Assertion is true but the Reason is false.
(D) If Assertion is false but Reason is true

Assertion : The domain of the function
sin-Ix + cos 1 x + tan-Ix is [-1, 1]
Reason : sin-1x, cos1x are defined for




Sol.

Q.29

Sol.

Q.30

Sol.
Q.31

Sol.

x| < 1 and tan? x is defined for all x.

[A]

Assertion : The domain of sin x is [-1, 1]
Domain of cos *x is [-1, 1]
Domain of tan 'x, x € R

Hence, domain of sin*x + cos x + tan " is

[-1,1]

Assertion true.

Reason : sin *x, cos 'x are defined for

~1 <x <1 andtan'x is defined for all x € R

Reason is true and correct explanation of

Assertion

.. Option (A) is correct answer.

Assertion : Function f(x) = sin x + {x} is
periodic with period 2.
Reason : sin x and {x} are both periodic
functions with period 2z and 1 respectively.
[D]
Assertion : f(x) = sinx + {x}
sinx is periodic with period 2n
{x} is periodic with period 1
LCM of (2, 1) not possible
.. f(x) is non periodic
" Assertion is false.
Reason : Reason is true.
*. Option (D) is correct Answer.

Assertion: If f(x) & g(x) both are one-one,
then f (g (x)) is also one-one.

Reason : If, f(x;) = f (X2) & X; = X, then f(x) is
one-one

[Al

Assertion: Let f: [0, 3] — [1, 13] is defined by
f(x) = X* + x + 1 then inverse is

-1++4x-3

2
Reason: Many-one function is not invertible

[B]

f(x) =

Column Matching type questions

Q.32

Match the entry in Column 1 with the entry
in Column 2.

Column 1 Column 2

(A) Range of (P){1, 2,3}
JJ[sin 2x]-[cos2x]

(B) Domain of Q) {1}

Sol.

2
X +4x
V C2x2+3

(C) Range of (R) {0, 1}
log(cos(sin x))
(D) Range of (S) {0}

[Isinx| + |cos X]]
[where [ ] denotes G.I.F]
A->RB->PC—>SD->Q

y = y/[sin 2x] —[c0s2x]

[sin2x] — [cos2x] = y?

-1<sin2x<1 and —1<cos2x<1

0<[sin2x] <1 and 0 <[cos2x] <1

0 < [sin2x] — [cos2x] < 1

0<y’<1 = (i) = (C)
-1<y<1

f(X) - X2+4XC

2x%+3
X2+4x>2x°+3 and 2x* +3>0
X2+4x—-3>0

or X’~4x+3<0

or (x—1)(x-3)<0

y = y/log(cos(sinx)) = log(cos(sinx)) = y*
cos(sinx) = eV’
sinx = cos TeY’
x = sin (cos *( &Y’ ))

If x to be defined, —1 < cosTe¥” <1

= cos(-1) < ¥’ <cos1

2
= cosl< e¥ <cosl
That means only possibility is

eV =cos 1
y?=log. cos 1 = —ve
y is imginary
If we takey =0
Thenx=0

Hence Range has only element {0}

y = [|sinx] + |cosx(]
Since, |sinx]<1 and |cosx|<1
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Q.33

Sol.

Q.34

|sin x| + |cos x| <1

y=1
Column 1 Column 2
(A) Period of (P)2
1 {|sinx|+|cosx|}
2 | cosx sin x
(B) Range of (Q) 2n
_ X
cos 11/Iog[x]%
(C) Total number (R)1
of solution
x2—-4-[x]=0
(D) Period of (S) g

cos* mx+x—[xJ+cos? nx

e
[where [ ] denotes G.I.F]
A—->Q,B>SC—->PD->R
| ]

y=cos [logpy =

log m =cosy
X1

logpq = cos®y =0
y =m/2
. (B) is matched with (S)

4
COS'™X 4y — [x] + cos’nx

Period of e
Period of cos*nx is 1
Period of x — [x] is 1
Period of cos’nx is 1
LCMof(1,1,1)is1
.. (D) is matched (R)
Total number of solution will be (2)
Because [x] < x
X*-x-4=0
.. (C) is matched with (P)
Obviously (A) will be matched with (Q) Hence,
required combinations as :

Column 1 Column 2

Sol.

(A) Domain of f(x) = v2* - 3" (P) [0, 1]
+ log,log, ,x is
(B) Solution set of equation (Q) [0, »)

2c0s2x/2.5in?x = X2 + 1/X2 is
(C) FA={(xy); y=1Ux,xeR}& (R)[1, »)

B={(x y)y=-xxeR}
then AnBis

(D) The functions f(x)=\/; vx=1 (S)¢

& ¢(x) = Vx? —x are identical in
A—>S B-5C—>S D-R

(A) f(x) = V2* —3* +logzlogy, x
f(x) to be defined if
2-3*>0 andx<0
or 22>3" and x<0
or x(log2 —10g3) >0 and x <0
= X<0 = X e (-, 0]
Also logq;ox>0and x>0
i.e,x>1 andx>0

0 1
X € (1, )
Domain would be empty set.

X2

From the Property of AM > GM.
2

x2s L
x? > x2.i
2 X2

1
= X2+—222
X

. 1
(B) Zcoszg Sin?x=x2+ —

2

X .
= Zcoszg.sm X>2

2

X 02
= CO0s E.sm

x>1

since sinx|<1 = sin’x<1

/2 0 /2 2n

Common interval is 0 < x < /2
0<x<m2 =sin’x<1

0<x2<n/4 = %£coszgsl
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Q.35

12 1
cos’x/2. sin’ > 1 Not Possible
.. Solution set is empty
©) IfFA={{x,y}; y=1/x,x € Rg} and
B={(xy);y=-xxeR}
AnBisx e R-{0}

(D) f(x) =v/x /x-1
6(x) = Vx* - x

If f(x) and ¢(x) are identical then

Domain of f = Domain of ¢

and Range of f = Range ¢

f(x) to be defined if x>0and (x—1) >0
ie.x>0andx>1

0 1
X € [1, )
d(x) to be defined if x>~ x>0
= x(x-1)=>0

0 1
=x<0o0r x>1
= Domain of ¢ € [1, )
Range: Y’ = x(x—1) =>x*—-x—-y*=0

_ 1+41+4y?

2
= Range € R

= X

Column 1

y = sin (2xt + n/3)
+ 2 sin (3nt + w/4)
+ 3 sin 5rt

(B) y={sin(nx)}isamanyone (Q)8

function for x € (0, a) where
{} denotes fractional part of
x and a may be

(C) The Fundamental period of  (R) 2

the function

1 |sin(n/4)x|+ sin(r/4)x
2 cos(n/4)x | cos(m/4)x |

(D) Iff:[0,2] — [0, 2] is bijective (S) 0

function defined by
f(x) = ax? + bx + ¢, where

Column 2
(A)  The period of the function (P)1/2

a, b, c are non - zero real
numbers, then f(2) is equal to
So. A-5RB-QR,C—>QD-S

(A) sin (m +§j + 2sin (3nt + 1/4) + 3 sin 5.

2n 271 271
T:_'T :_,T =y
! 21 ? 3n : 3n
L.C.M.ZEZZ
1

(B) y ={sin(nx)}, x € (0, a)

©)y= 1 |Sln(7t/4)X|+ sin(m/ 4)x
2\ cos(n/4)x  |cos(n/4)X|
T, = £><4,T2=2—n,4
4 i
LC.M.=8
2+ |
(D) I
o 2
here f(0) =0
or
2—&
o 2
f(0)=2

but,f (x) =ax*+bx+c=f(0)=c
butc # 0 = graph Il
~f0)=2=1(2)=0
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EXERCISE # 3

Subjective Type Questions |

Q.1 Find the domains of definitions of the
following functions:
(Read the symbols [*] and {*} as greatest
integers and fractional part functions
respectively)

(i)  f(x) = Jcos2x + V16 — x?

(i) f(x) = logslogslogslog, (2x3 + 5x° — 14x)

(i) () =An (\/xz _5x—24 —x—2)

cos2x >0
Y T

. 1-5% 2X e | 2nm—=, 2nm+ —
(iv) f(x)= . [ 2 2}

Y TC_
(v) y=logsin (x-3) + V16 — x> XE [nn—z, n’”z_
(Vl) f(X) - IOglOOX (Zloglox—i_lj cos2x>0 & —-4<x<4

= Xe [—4,_73’“}u _Tn, %}u[%{, 4}
Wii) ()= ———— + Anx (¢ -1) -
Vax? -1 (ii) logs logs log, (2x° + 5x*— 14x) > 0

logs log, (23 + 5x% — 14x) > 1
log, (2x3 + 5x* — 14x) > 3
(2x3 + 5x° — 14x) > 8

(x—2) (2% +9x +4)>0

X
x? -1

(ix) ()= yx*=|x|+

(viii) )= [logy,

9-x (x—2) (2% +8x+x+4)>0
(x)  f(x) = 4/log, (cos2nx) (x-2)(2x+1) (x+4)>0

o - AJoosx=(172) = xe [2,oo)u(—4,_?1]
N S

atx =2
(xi)) () =+/10g,5(log , ([X]* - 5)) 2x3+5x% ~ 14x ~8=0
2x2 +9x + 4
£(x) =
O 109 = x—2]2x0 15 ~14x 8
=
(xiv) f(x) = logy sin x 2x3 — 4x?
(xv) f(x)=log; ,qX*—x—6]+ -+
[Hd 9x% -14x -8
X C o + 0 Pos 9x% —18x
4x -8
Sol. (i) y/cos 2x +~/16 — x? 4x —8
16-X°>0=>x°<16=-4<x<4 0




(iii) VX% —5x—24 —x—-2>0
!
X2—5x—24>0= (X—8) (x+3)=0
= Xe(— o0, -3] U [8, ) — (i)
Il Xe (=00, — 3]

if VXx?2-5x-24 =0=-x-2>0

= X<-2

\J

= Xe(— o, -3]

. 7*(1-5%
() 1005
(721 x+1#0; x=-1)

always +ve V xeR

2Ioglox+1>
-X

21 X+1
N 0g 10 X+ <
X

0

0

x is always a +ve number

= 2 logox <1

1

0g1X <2 ' = x <
10 \/E

<05 o)
1

:>X€(0 iju L R
' 100 100" \10

(vipx(x+1)(x-1)>0

+

= t t
0 1
= xe (-1,0)u (1, »)

-1

1

A _1>0=4x°>1 = x>

7(L-5%) > 1-5 > =|x|> 1 :>Xe(—oo,_—1]u(£,ooj
1_7x+l 1_7x+1 - 2 2 2
()1-5=0=5'=1=x=0 C R
(i 1-7"=0=>7""=1=x+1=0 e * . .
x=-1 } ; t t U
+ _ + -1 -1 0 1

I 0
= X € (—o,—1) U0, x)

(V16-x*>0=>x*<16=-4<x<4

N -+

X€e [—1,_?1ju (2,0)

X
viii) lo >0
(viii) loga, 21
TR . 1 X
VAN since =<1 = <1
II : \‘ \\ X2 _1
1 1 \ \
- k Y x-x2+1
_2n 4 —2n+3 T"‘ 1‘,n+3 ’0 ,'3 4 n“ \\n+3 112” | 2n+3 ﬁgo
YN i \ \ ,"7’-sin(x73) ,
\
\\\_\>/_/// \\\_\/\,1// X;—X_lzo
x° -1
(X_1+2\/§] (X_l—Z\/EJ
oo Xe ((2n+3, - +3) U (3, 4] 50
(x—3) e (2nm, (2n + 1)m) (x+1) (x-1)
xe (3+2nx, 3+ (2n + 1)m) S
1 1 4.5 1 1445
(vi) 100x>0 &1OOX¢1:>X>O&X¢1— — 2

Edubull
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1-5 1445 _ . XeN where
XE(—OO,—].)U T,l Y 5 , O —)(l) X>2
(i) 0 < cos 2mx
also — l>0 cos 0 (where 6 = 2nx)
X —
-+ - +
= t
-1 0 1
xe (-1, 0) u (1, ©) — (ii)
. . ¢ ¥ >0
(i) m (i) - 0 -
° ° . - 2 E
¢ * ® > —T s
K) — <<=
' ' t t t 2 2
-1 1.5 0 1 1+45 T n
- == 5 2Nm—— < 21X < —+ 2N7
2 2 2
Cxe 1—\/§ OU1+\/§ o n_l <X<1+n
s , , 4 4
2 2
- -
(%) F00) = X2 | X |+ - .
V9 —x2 . _ o
2 2 . L] T T T T T
92—x >0=X <92:>—3<x<3—>(|) 14 0 1/4 34 1 5/4
X =|X|20=|x|"—|x[|=0 final
= [ x|{x|-1}20=|x|=>0 1 3
:>X:0“OR”R XE(O, ZJUKZ,ljU[XXENVnzz]

& |X|-120=>xe (o, -1]U[1, )

N

y 1
(xi)cosx— = >0 =cos x>
Ja JaX Jay 2

() 6 + 35X — 6x° > 0
. ° 6x° — 35X —6<0

© \J
St £x+%j(x—6)<0
= xe[-3,-1]u {0} U [1, 3) + _ + 1
é Xe( ,6]

(x) f(x) =4/log , (cos2nx) = ) /:6

logy cos2nx >0

[ ]
®
N

w +

Ifo<x<1

(i) cos 2nx <1
2mx < cos * (1) / \ A
2nX < nw ",'Li_}"".f ________ N \‘__

) n n 1 6 \

XS%W'E' N ;12 B [
No solution \ 2,'I 6137 \\ /’ ’
Ifx>1 N N
cos 2nX > 1 = 27X > nn 7 i

n
SXZEVnEI
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(—1 TE:| [57[ j
=Xe|—,—|u|—, 6
63 3
(xii) logys logs [x]*~5=0
0<logs [x]°-5<1
() 1<[x]*-5<4
(1) [x]* = 5 {included in 1}
from (1) 6 < [x]* <9
V6 <|[x]|<3
[X] € [-3,-/6) U (V6 3]
3<x<-6 J6<x<3
x]=-3 3<x<4
3<x<-2...>I)

[x]
2X —[X]

NOT defind when 2x — [x] =0
= [x] = 2x

(xiii) f(x) =

graph intersects at x = 0, —%

..(ii)

Q.2

(1.2
2 4 o—-0
1 4 *—0
1
1 :
: — ' —
) 1 12 1 2 3
)
-1 -1
——o T+ 2
y=2X
= Domain

XxeR — {_—1, 0}
2

(xiv) f(x) = logy sin x
x>0 andx =1
sinx>0

2n+0<Xx<m+2nn
- Xe (2nm, 2nw + ©r) — {1}
wheren >0 ; nel

(xv) Iog[ 1} | X2 =X = 6]+ Cox 1+ P FPys

X+=
X
M 16-x>2x-1 & 2x-1>0
17 > 3x & 2x>1
:>x£E & le
3 2
(1) 20-3x=>2x-5 & 2%x-5>0
25 >5x & 2Xx>5
=Xx<5 & ng

(nn [x+£}t1:> x+l z[1, 2)
X X

{x+£} >0

X

|X*~x—-6]>0
x+3)(x-2)>0

x>3, xX+3)(x-2)>0

= Xe (~o0, -3) U (2,0)

Find the domain and range of the following
functions.

(Read the symbols [*] & {*} as greatest integers
& fractional part functions respectively.)

() y=log g (\/E(sinx—cosx)+3)

.. 22X

W y= 1+x2

_ X?=3x+2

R R

. _ X

() 9= 7

(V) y=+2-x+ J1+X

(vi)  f(X) = l0g(cosec x-1) (2 — [Sin X] — [sin X]2)

(i) fpg= YXF4=3
X-5

(viii) cot! (2x —x?).

(ix) f(x)=log, (VX—4++6-X)
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Sol.

MHy= Iogﬁ(\/i(sinx—cosx)+3)
Range —\/mg\/i(sinx—cosx)s J2+2
1< 2 (sinx— cosx)+3<5
0< Iogﬁ(ﬁ(cosx+sinx)+332I0955)
Range < [0, 2]
Domain : +/2 (sin X —cos X) + 3> 0 V xeR
.. domain eR
(ii) y:%; 1+x* £ 0 VxeR
domain : xeR
Yy =2Xx=> Xy -2x+y=0
D>0=4-4(xy)20=>1-y">0
y<l=ye [-1,1]
x?-3x+2 (x-1) (x-2)

v
1-y
(iiy=1

= X=

(iv) Y >0=>y>20=y<1
1-y

from (i, ii, iii, iv) = ye(-1, 1)
V) y=vV2-x+/1+x
2-x20=>x<2...(3)
1+x >0 = x > -1 (ii)
(i M i) = xe[-1, 2]
Y =2-x+1+x+ 2/(2—x) 0+X)

=3+ 2V2+x-x°

—3+2/2-(x2ox+i]+d
4 4

iii) f(x) = =
D 0= 6 ~ x+3)(x-2) 9 ( 1Y
=3+2,|——| x=-=
V xeR 4 2
_x-1 X_3y+1 9
X 3 _1—y "-yzmax:3+2\/;:3+3:6
where yeR — {1
yeR-{1} yVPmin = 3 = range [\/5, \/g]
atx=2,y= - (Vi) F(X) = 10Gcosec x 1 (2 — [sin X] - [sin x])?
1 cosecx—-1>0 & cosecx=1
= range eR - {g,l} cosec X > 1 COSeC X # 2
domain eR — {2, -3} sin X # %
iv) f(x)=
() 10 = | | = xe(0, n) — {n/2} x¢2nn+€ 2nn+5%
1+|x|=0
X1 (i) Vnel
=[x|=-1
= V xeR xe(2nm + 2nw + @) — {(2n+l)g}‘v’ nel ...(i)
. domain =R ] ] B
y+yx|-x=0 ]ccioma(ljn ..(l)zm (-||) s
(a) when x < 0 rom domain, 2 — [sin x] — [sin x]° >
s =i 2<0
log 2
. =>fX)=———
X= y% =y=-1 w1 % log(cos ecx —1)
y cosec x—1 eR - {0}
& m<0 =ye(-1,0) ...(i) log (cosec x — 1) eR — {0}
(b) whenx >0 (vii) f(x) = vX+4-3 3
V+yx—Xx=0
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X#5 & Xx+4>0=>x>-4
Domain = xe [-4, « ) — {6}

X+4-9 1
f(x) = = ,X#5
(x-5) (WXx+4+3) x+4+3
1
fX)min= — =0
o0
1
f(X)max=§
1
atx=5,f(x)= =
() 5

CHR
=range | 0,= |—<=
3 6

(viii) y = cot™* (2x — x?)

2X—X* e {;((_41)) , ooJ = 2X — X?e[1,%)

domain xeR
(ix) y = logs (VX —4 ++/6-x)
= logyt
where t= /X —4 +/6—x ; Xe[4, 6]
P S
dx 24x—4  2x-6
6-X=X-4=x=5
t(5) = 2, t(4) = 2, 1(6) = +/2
= range te [\/E, 2]

y = log,t
1
range e| —, 1
; 6[2 }
1 ______
12F--+

N F

E

(@) Draw graphs of the following function,
where [ ] denotes the greatest integer
function.

() ) =x+[x]
(i) y=)" wherex=[x] +(x)
&x>0andx<3

(i) 'y =sgn [x]
(iv) sgn (x—[x))

(b)  Identify the pair(s) of functions which
are identical? (where [x] denotes greatest
integer and {x} denotes fractional part
function)

(i) f(x) = sgn (x* =3x + 4) and g(x) = et¥

(i) F00) = .| ==%52% and g(x) = tan x
1+cos2x

(iii) f(x) = An(1 + x) + An(1 - x) and
g(¥) = An (1-x%)

. COS X 1+sinx
(iv) f(x) = — & g(X) =
1-sinx COS X

Sol. @) f(x) = x+[X]

x+1 1<x<2
X 0<x<l1
fx)=<x+2 2<x<3
x-1 -1<x<0
X—2, —-2<x<-1
MY

O y=";0<x<3;(x)=x~[x]
1 O<xx<1
X -1, 1<x<?2
(x—2)%, 2<x<3
0, X=3

y:
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(i)
MY
T/
1 3
V
(i) y = sgn [x]
N
1
v
(iv) y =sgn (x - |x])
y
X
(b) f(x) = sgn (x* — 3x + 4) g(x) = el
x?—3x +4>0, xeR xeR
range {1} range {1}
thus identical
.. 1-cos2x
i f(x)=
(i) 109 1+ cos2x

. nm
domain eR—T; nel

g(x) = tan x
range eR

Q.4

Sol.

(iv) f(x) =

domain eR — [2n2+1jn ihel

.. thus not identical

(i) f(x) = An(1+X) + A0 (1x)  g(x) = An (1)

domain : (-1, 1)
range € (- «, 0)

domain : (-1, 1)
range € (— «, 0)
thus identical

COSX
1-sinx

domain eR _(Zn +1)£

2

_1+sinx
CosSX

9(x)

2n+D=x

i nel
2

domain eR —

Let f be a function satisfying

2f(xy) = {f(x)}Y + {f(y)}* and f(1) = k = 1.
Prove that (k-1) 3 fn)= K" "' -k
n=1

Given
2f(xy) = {f)¥ + {f(y)} and f(1) =k = 1

n
We have to Prove that (k — 1) > f(n) =k"**—k
n=1

(k—1) Y f(n) = (k—1) [f(1) + f(2) + f(3) + f(4)
n=1

Foeereinnns +f(n)]
2f(1.1) = 2f(1) = (F(1)* + (F(1))* = 2f(1) = 2k
2f(1.2) = 2f(2) = (f(1))* + (f(2))* = K* + f(2)

= f(2) = k?

2f(1.3) = (f(1))® + (F(3))' = k> + f(3) = f(3) = k°
2f(1.4) = (f(1))* + (f(4))" = k* + f(4) = f(4) = K*

2f(L.n) = (L))" + (Fn)* = f(n) =K"

(k—1) Zn:f(n)=(k—l) [k + K + K+ K+
n=1

sk 1) K e
(k-1)

n

L(k=1) Y f(n) =kt -k
n=1

Hence, Proved
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Q5

Sol.

Determine all functions f satisfying the
functional relationf(x)+f( 1 ): 2(1-2x)
1-x)  x(1-x)

where X is a real number, x # 0, X = 1.
Given

f(x)+f[ L j 20-29 .y R andx» 0,1
1-x X(1—x)

Replace x by % in (i), we get
- X

2
1 1 1—1—
f(_) + f 1 | =2 ———=X__
X 1-—— 1 (1 1 j
1-x 1-x 1-x
_ 2(1-x-2)(1-x)

1-x-1

f(ij N f[ 1-x J: 2(x-1D)(1-x)
1-x 1-x-1 (—Xx)
2(L+x)(L—x)

f(l_lxjﬁ(x;lj = 2082 i

Again Replace x by x-1 in (i), we get
X

X-1 1 2[1 ZXXl}
fl—|+f =
( j x-1 Xx-1

X 1-2 = x-1
x ) [1‘x)
_ 2[x —2x+2]x
(xX-D)(x—x+1)
f(x_—l) N f( X ) _ 2(2-x)x
X X—X+1 x-D@
_2(x-2)x
X

2(x—2)x
(Tj + f(x) = —17 ) ..(iii)

subtracting equation (ii) from (iii) , we get

Fx) f£ 1 j _2(x=2x  2(1+x)(1-X)
1-Xx 1-x) X

=

_ 2[xz(x_z)_(u X)(L—x)?

X(1—x)
F(x) - f[ﬁ} =

|-

f(x) - f(

|_\

Q.6

Sol.

2[x3 - 2x% — 1+ %) (X +1-2%)]
X(1—Xx)
1)
f(x) — f[ﬁj =
2[x3—2x2—x2 —1+2x—x3—x+2x2]
X(1—Xx)

B 1) 2[—x2 -1+x] .
f(x) f[li X0 .(iv)
Adding equations (i) and (iv), we get
2M(x) = 20-2x) 2(x—1-x?)

x(l—x) X(L—Xx)
(x)— [1 2x+x-1-x%
_ 2 2

- X(1—Xx) [ =x]
x(x+1) x+1
9= oy = 0=

which is required result

Let {x} and [x] denotes the fractional and
integral part of a real number x respectively.
Solve 4{x} = x + [X].
Given that 4{x} =x+[X]
where [X] = greatest integer < x
{x} = fractional part of x
X=[x]+{x} foranyx e R
-.Given equation becomes, 4{x}=[x] + {x} +

[x]
= 3{x} =2[x]
N [x] = g o3 (D
Now “1<{x}<+1
R et
= - g <[x]< g [Using eq" (1)]
- [X]=-1,0,1
If [x] = -1
N 1 =§ o3 [Using eq” (1)]
= =2
x = [x] + {x}
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Q.7

Sol.

oF:

Sol.

3 3
If [X]=-0
N g{x} =0 [Using eq” (1)]
= {x}=0
x=0+0=0
If x] =1
then g{x} =1 [Using eq” (1)]
)
= {x}= 3
= X=1+ E = E
3 3
Thus, x:—E,O,E
3 3

Let f(x) = x* + kx; k is a real number. The set of
values of k for which the equation f(x) = 0 and
f(f(x)) = 0 have same real solution set.
f (X) = X2 + kx.
f(x)=0=2"+kx=0
= Solution : 0, — k
=2+ 2 (K + K) + 2k + kX
fof (X) = 0= (}X* + kx)? +k (X* +kx) = 0
(0 +kx) (X +kx+k)=0

Solution ON
Solutions:| OR
x=-k
k

(0, k} imaganary
k? - 4k<0

ke(0, 4)
Thus answer: [0, 4)

Let f(x) be defined on [-2, 2] and is given by

-1 -2<x<0
f(x) = and
x-1 0<x<2

g(x) = f(Ix|) + [f(x)|. Then find g(x).
f(x):{l’ -2<x<0
Xx-1, 0<x<£2

g (x) = () + [f(x)|
| f(X) is not possible |

-1 |x|=0
f(x) =

| x|-1, 0<x[£2

_ |- x=0

- x-1 0<x<2

f(x) f(Ix))
/x -1

Q.9

Sol.

5 0 /
-1

y
AGEIAN
} X }
1 2 41‘/1 2
1

If

—1-x+1, 2<x<0
X-1+1-X, 0<x«<l1
2(x -1), 1<x<2
- X, 2<x<0
=<0, 0<x«<1

2(x-1), 1<x<2

g (x)

Solve the equation:

2x — 1] = 3 [x] + 2 {x} where [-] and {-}
denotes greatest integer function and fractional
part function respectively.

[2x — 1] = 3[x] + 2{x}

{3=x-[x

[2x — 1] = 3[x] + 2x — 2[X]

[2x — 1| = [X] + 2x

[2x — 1] - 2x = [X]

Hence, y = [x] and y = |2x — 1] — 2x can be
solved graphically as

—4x+1; x<1/2
y=|2x-1|= " <
-1 o x=21/2

y
o—(

|

only solution at x = 1/4
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Q.10

Sol.

1, 8

+ for 0<x<?2

X

Letf(x)= {Drlog,(x-2) for 2<x<4
..if—9x+21 for 4<x<6

A set ' B' is formed by elements which are ' '
images of the elements of set A. If
B = {1, 3, 5, 7}, find A. Hence or otherwise
state reasons whether it is possible to have a

function, f 1 : B — A or not ?
3X’1+§f0r0§x£2
f(x) = {7+log,(x—2) for 2< x <4

X2 _9x+21 for4<x<6

f:A—> B

i

For, y =31+ % 0<x<2

y=1=31+8 g2y 8- g3

3 3

(not defined)

y:3:3xﬁl+§ = 3Xﬁl: _9_8 = l

3 3 3
= 3-1=0=x=0 053
y:5:3x—l+§:>3x—l:1

3 3
=3=7= x=logs7 ; logs7—>5
y:7:3xfl+§:>3xfl:_2l_8 :E

3 3 3

= 3"=13 = x =1logs13 > 2 (reject it)
For,y=7+log(x—-2); 2<x<4
y=1=7+log,(X—2) = log, (x —2) =6
x-2=2%=L x=2+ L =12
64 64 64
129
64
y=3=7+l0g,(X—2) = log,(x —2) =— 4

-1

x-2=2%=1 Lx=24+ 1 =38
16 16 16

33

16

y=5=7+10gy(X — 2) = logy(x-2) = -2

~ (x-2)=2%=1 x=2+1-on
4 4

-3

9 -5
4
y=7=7+l0gy(x —2) = log,(x-2) =0
=>X-2=1=>x=3 37
Forx*—9x+21;4<x<6
y=1=x*-9x+21=x*~9x+20=0
=>x-4)(x-5=0
=X=4,5
X =4 (reject)
X =5 (accept)
because 4 <x <6
51
y=3=x*-9x+21=x*—9x +18=0
_9+481-72 943 _
2 2
only x = 6 (accepted) (6 — 3)
y=5=x*-9x+21= x*—9x+16=0
(= 9EBL-64 _ 9+17 _ 9+4.1
2 2 2
= X = 6.55, 2.55
since, 4<x<6
Hence both value must be rejected
y=7=xX-9x+21 =>x*-9x+14=0
‘= 9++/81-56 _ 9+5

2 2

6,3

= X=7,2
Both value must be rejected because 4 <x <6

Hence set, A= 40, Iog37,%,§,g,3,5,6
64 16 4

f:A—> B

It is many one onto function
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Q.11

Sol.

Q.12

Sol.

Hence, f* does not exist

If f(xX) e [1, 2] when x € R and for a fixed
positive real number p,

f(x+p)=1+ [2f(x)-{f(x)}* forallxeR

then prove that f(x) is a periodic function.

Given f(x + p) = 1+ /2f (x) —{f(x)}* forall

x e Rand f(x) € [1, 2]

f(x+p) - 1= {2f () —{F (Y () € [L, 2]
squaring both sides, we get

f2(x + p) + 1 — 2f(x + p) = 2f(x) — F(x)

or fA(x) — 2f(x) + [f(x + p) - 1]°=0

2+ \J4-aff(x+p)-11°
- 2x1

f(x)

22 21— F2(x + p)—1+ 2f (X + )
2

f(x) = 1% 2f(x+p)—F2(x+p) ; f(x) e [1, 2]

f(x)

o F(X) = 1+ y2F(x+p)—F2(x +p)
we can write

f(x + p) — y2F () —F2(x)
= (x) — y/2f (x-+p)~F2(x+p)

or f(x +p) + \/Zf(x+p)7f2(x+p)

= f(x) + /2F(X)—F2(x)

squaring both sides, we get
f(x + p) + 2f(x + p) — F(x + p) + 2f(x + p).

J2f(x+p)—F2(x +p)
= P(x) + 2f(x) — FA(X) + 2(x) y2f(x)—F2(x)
orf(x+p)[1+ \/Zf(x+p)—f2(x+p) ]

= Q[ + 2F(x)—F2(x) ]

or f(x + p). f(x) = f(x). f(x + p)

This holds only if f(x + p) = f(x)
Hence, f(X) is Periodic with Period P.
If fa-x)=f@@a+x)andf(b-x)=Ff(b+x)
for all real x where a, b(a > b) are constants
then prove that f (x) is a periodic function.
Given f(a—x) =f(a + x) (i)

f(b—x) =f(b +x) (1)
forallx e R (a>h)
Replace x by a —x in equation (i) and in
equation (ii) x by b — x, we get
fa—a+x)=fla+a—x)= f(x) =f(2a—x)
flb—b+x)=f(b+b-x)= f(x) =f(2b-x)
f(2a—x) = f(2b — x)
Replace x by 2b — x, we get
f(2a—2b +x) =f(2b—2b + x)
f(2a—2b +x) = f(x)
Hence, f(X) is Periodic with Period 2(a — b).

Let n be a positive integer and define
f(ny=11+21+31+ ... +nl,
where n!'=n(h-1)(n-2) ... 3.2.1.
Find the polynomial P(x) and Q(x) such that
f(n+2)=P(n)f(n+1)+Q(n)f(n)foralln>1
Givenf(n) =11+ 21+ 31 + ........ +n!
N=nn—1)(N—2) .ccccecvrvernn. 3.2.1
f(n + 2 )= P(n).f(n +1) + Q(n). f(n), forall n >
1
We have to find P(x) and Q(X).
fn+2)=11+21+ 31 + ...........
+nl+(n+ D!+ (n+2)!
=11+ 21+ 3+
+nl+(n+ D'+ (n+2)(n+1)!
f(n +2) = f(n) + (n + 3)(n + 1)!
fn+1)=11+21+31+.......... +n!+ (n+1)!
f(n+1) =f(n) + (n + 1)!
c[f(n) + (n+3) (n+ 1)1 =P(n) [f(n) + (n + 1)!]
+Q(n). f(n)
Equating coefficients of f(n) and (n + 1)!, we
get
1=P(n)+Q(n)andP(n)=n+3
Replace n by x, we get
PX)+Q(x)=1andP(x)=x+ 3
S QX)=1-P(X)=1-x-3=-x-2
~ P(X)=x+3and Q(X) =—x—2.

Letf: R — R be a function given by f(x +vy) +
f(x —y) = 2f(x) f(y) for all X, y € R and
f(0) = 0. Prove that f(x) is an even function.
Givenf:R—> R
fix +y) +f(x—y) =2f(x).fy) ~ ...(D)
forallx,y e R and f(0) = 0
Putx=0andy=0,
f(0 + 0) + f(0 — 0) = 2f(0).f(0)
= 2f(0) = 2f4(0) = 2f(0)[f(0) — 1] =0
- f(0) =0 Hence, f(0) =1
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Q.15

Sol.

Q.16

Sol.
Q.17

Sol.

Replace y by x in equation (1) we get

f(2x) + f(0) = 2f(x).f(x) = 2F%(x) ..(ii)

Replace y by —x in equation (i) we get

f(0) + f(2x) = 2f(x) f(-x) ..(iii)

from (ii) and (iii), we get

2F4(x) = 2f(x).f(-x)

2f()[f(X) — f(-x)] = 0 = f(x)=f(-x) and f(x)=0
Hence, f(X) is an even function

Let f : [-2, 2] » R be a function if, for
x € [0, 2]

T
xtanx, 0<xs§

f(x)= = .
[x], E<x£2

define f for x e [- 2, 0] when
(i) fis odd function
(ii) f is an even function
(where [-] is the greatest integer function)
f:[-2,2] > R, forx e [0, 2]
xtanx, 0<x<mw/2

f(x) =
) g[x],n/2<x§2

(i) When f is odd function ; f € [-2, 0]

—Xtan X ;—£<x£0
f(x) = 2
—g[—x] ;—2<X<-1/2

(if) When f is even function ; f € [-2, 0]

X tan X ;—£<xs0
f(-x) =
g[fx] ;—2<x<-m/2

Iff(x)=-1+x-2,0<x<4
gx)=2—|x,-1<x<3

Then find fog (x) , gof (x) fof (x) & gog (X).
Draw rough sketch of the graphs of fog (X)
& gof (X).
Class illustration
If f(x) = An (* —=x + 2) ; R* > Rand

g(x) = {x} +1 [1.21 -1, 2],
where {x} denotes fractional part of x find the
domain and range of f(g(x)) when defined.
f(x) = In (* — x + 2) ; domain — k , range — R
g(x) ={x} +1;domain— [1, 2], range— [1, 2]

Q.18

Sol.

fog (x) = (IN(g()° - g() +2) ;0 <g(x) <o
=In(@3+1)*-P3-1+2) ; 0<{}+1l<oo
Butl<{x}+1<2

=In (({x})2 +O3+ 2)

Since In x is monotonically increasing put end
points of domain for range.

= fog (X)e[In 2, In 4)

Let{x}=t; te[0,1)

fog (x) = In gt244§t P

{5

Inz

Examine whether the following functions are
even or odd or none.

. @+
(i) f(x) =

2
(ii) f(x)=5e0x+.x -9
Xsin X
X X
f(x) = —+1
(i) f(x) = —1+ 5 +
X | x| x<-1
(V) F)=<1+x]+[1-x] -1<x<1
—X|X]| x>1
(v) f(x) = 2x(sinx +tanx) where [.] denotes

2{X+2n}_3
T

greatest integer function.

i) f(x) = £1+_2X)

2)(
7
—X
f(x) = M
2—X
2
i) f(x) = secx+.x 9
Xsinx
secx+x%—9  secx+x2—9
f(x)= — = -
(= x)(=sinx ) Xsinx
= () = f (-x)
. even function
X X
iii f(x)= +—=+1
) x) 1 2
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-X X
f(x)= -—+1
(0= =3
X X
FX)—F(xX)= —— + —+1
W-F0= S+ 2
(=x) . x_4
e*-1 2
X xe”*
+ + X
e¥-1 1-¢*
N X(1-e ):—x
e -1
=0 .. evenfunction
X| X[, x<-1
(iv) F(X)=<[1+x]+[1-X], -1<x<1
—X| x|, x>1
x| x|, x<-1
FOX)=<X]+[-x]+2, -1<x<1
—-X| x|, x>1
-X|=x], -x>1
()= [-x]+[x]+2, -1<-x<1
-|-x], x>1
f(x)=1(x)

. even function
_ 2X(sinx+tanx) _ 2X(sinx + tanx)

v) f(x)=
2[”2“}-3 2{)‘}4—3

T T
2(=X)[sin(—x) + tan(=x)]

£

_ 2X[sinx + tanx]

2[_)(}+1

T

X]+[x]=0 wvxel
=-1 vxel

[-x] =-[x] vxel
= -1-[x] vxgl

f(x)=

Q.19  Find the period of the following functions.
(i) f(x)=1-

sin?x  cos?x
1+cotx 1+tanx

(i) f(x):tang[x] where [.] denotes greatest

integer function.
(iii) f(x) = Aog (2 + cos 3x)
(iv) f(x) = e """ * + tan 3x — cosec (3x -5)

. X . X X
V) f(x) =sin X+ tan— +sin — + tan —-
v) F() S sz ten

Sol.

. X D¢ X
+S|n2—3+ ........ +SIHF+tan2—n
(i) £(x) = sin X +sin 3x
COSX + C0S3X
() F(x)=1- sin®x  cos® x

1+cotx 1+tanx
Sin?X — 7, COS’X — 7
l+cotx—>ml+tanx >n
LCM > =«

(i) f(x) = tang[x]
fix + T) = f(x)

T T
tan—[x+T] = tan—[X
2[ 1 2[]

g[x+T]:nn+g[x]

[x+T]=2n+[X]

Least +ve valueatn =1

[X+T]=[x+2]=>T=2
(iii) f(x) = log (2 + cos 3x)

. 2n
eriod —
P 3

(iv) f(x)=e""" 4+ tan® x —cosec (3x — 5)

Lol

T- L.C.M. o - 2n
H.CF. 3
r
1

. X X X
v) f(x) =sin x + tan = +sin — +tan —
(v) f(x) 5 Y 52

.

L.C.M. 2n 2n 8n 4n

. X X
+....+sin—- +tan —
2n—1 n

L

2'r 2"
T=2"r
(i) f(x) = Sin X +sin 3X
COSX + COS3X
F(x) = 2sin(2x) cos(x) —tanox 5T= T
2c0s(2x) cos(x) 2
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Q.20

Sol.

Q.21

Sol.

Passage based objective questions |

A function f, defined for all X, y € R is such
that f(1) = 2 ; f(2) = 8 and f(x + y) — k xy
= f(x) + 2y% where k is some constant . Find

f(x) & show that f(x + y).f (Lj = Kk for
X+y

x+y#0.
f (x +y) — kxy = f(x) + 2y f(1) =2
f(x +y)—f(x) = kxy + 2y* f2)=8

Lety=1&x=1
f(2)-k=f()+2
8-k=2+2=k=4
Letx=0,y=1 =f(1)=f0)+2 > f(0)=2
Now y = —x
= f(x) +2x° = 4%
= f(x) = 2%
Suppose p(x) is a polynomial with integer
coefficients. The remainder when p(x) is
divided by x -1 is 1 and the remainder when
p(x) is divided by x —4 is 10. If r(x) is the
remainder when p(x) is divided by
(x 1) (x —4), find the value of r(2006).
Given,P (1)=1,P(4) =10
P (x) = (x-1) (x—4) Q(x) + R (x)
~R@Q=1,R@)=10
From pattern, R (x) = 3x -2
R (2006) = 6018 — 2
= 6016

Q.23

Passage | (Question 22 to 24)

Q.22

Sol.

Let f(x) = x2 - 3x + 2, g(x) = f(|x|)

h(x) = [g(3)| and 1(x) = [g()| - []

are four function, where [x] is the integral part

of real x. Sol.

Find the value of 'a’ such that equation
g(x) —a =0 has exactly 3 real roots-

(A)2 B)1
©)o0 (D) None of these
[A]
gx)—a=0
= f(x)-a=0

= [P-3x|+2-a=0
= X -3x[+2-a=0

2
X“—3Xx+2-a; x>0
= x*-3x|+2-a= "
x2+3x+2—a;x<0
When x > 0,
x*-3x+2-a=0

2x1
X = 3++1+4a
2
when x < 0,
X2 +3x+2-a=0
I O
2x1
X = —-3++/1+4a
2

If we take (1 + 4a) > 0, then equation has four
real roots and at a = — % It gives two roots.

Our condition is that given equation has exactly
3 real roots. It is only possible when

a=2

X:E:O,3
2

X:_3i3:—&0

ie.x=0,3 -3ata=2
.. Option (A) is correct answer.

Find the set of values of 'b' such that
equation h(x) — b = 0 has exactly 8 real solution
(A) b e [0, 1/4]
(B)b € [0, 1/4)
(C)b e (0,1/4)
(D) None of these
[B]
h(x) — b = 0 has exactly 8 real roots.
h(x) = 1g(x)| = [F(xD)
h(x) -b=I[f(x))[-b=0
= [f(x)l=b
= f(x))=zb
Casel: Whenf(x])=b
= XP-3x|+2=b
= x*-3)x|+2-b=0
= X2-3x+2-b=0: x>0
X*+3x+2-b=0:x<0

3+,9-4(2-b
x= 3ETAD) g

2 )
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_ —3+,9-4(2-b) <0

X DX
2
i.e.,x=3i— ;+4b x>0
_ —3%41+4b . Q.24
X = f' x<0
For real roots, it mustbe 1 + 4b >0
=h>-1/4
At the same time for x >0
3+1+4b
— >0
2 Sol.
= + J1+4b >-3
= 1+4b<9
= 4h<8= bx2
1 <h<?2
4

Case 11 : When f(x]) = — b

IXP—3x|+2==b
X3/ +2+b=0
x*-3x+2+b=0;x>0
X +3x+2+b=0:x<0

_ 3+.,/9-4(2+b) 0

i.e. X f,x
—-3+,9-4(2+b
X = 5 (2+ ); x<0
. 3++1-4b
|.ex:T;x20
—3++1-4b
X:f ; X<0

For real roots, 1 -4b>0=b < 1/4
At the same time, for x >0

3++/1-4b
2

>0

=+ 1-4b >-3
=1-4b<9
= —4b<8

= b>-2

= —2<b<1/4

-2

-1/4 1/4 2

i <b<l
4

At b =0, equation has 8 roots also.
Hence required values of b € [0, % )

.. Option (B) is correct Answer.

Which statement is true for 1 (x) =0 -

(A) Two values of x is satisfied for 1(x) =0

(B) One value of x is satisfied for I(x) = 0 and
that x lie between 1 and 2

(C) One value of x is satisfied for 1(x) = 0 and
that x lie between 3 and 4

(D) None of these

[C]

1) =19(x)| - [x]=0

l9()I = [x]

9(x) = £[x]

f(z|x|) =+ [x]

X“=3x|+2=%[x]

X—3x+2=%[x]; x>0

X+3x+2=+[x];x<0

when x >0, ;x] <X

X —3x+2==%X
with +ve sign, x> —4x+2=0

(o AE16-4 _ 44243
2 2

x=2++3 =37 0r03
with —ve sign; x*—2x+2=0
« = 2+/4-8
2
x have Imaginary roots
only roots forx >0, x=0.3, 3.7
whenx <0, [x]=x-1
X2+ 3x+2=+(x—1)
with +ve sign ; x> +3x +2=x—1
X2+ 2x+3=0
« = —2+4-12
2
with —ve sign, X’ +3x +2=—x +1
X*+4x+1=0
X = 74% v16 -4 =2+ \/g
x=-3.7 or-0.3
I(x) = 0 has total four roots
One of them lies between 3 and 4

.. Option (C) is correct Answer.

= Imaginary

Passage 11 (Question 25 to 27)

Iff(x)=0;ifxeQ
=1;ifxeQ.
then answer the following questions-
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Q.25

Sol.

Q.26

Sol.

Q.27

Sol.

f(x) is - Q.28
(A) an even function

(B) an odd function

(C) Neither even nor odd function

(D) one-one function

[A] _
Iff(x)=0 ; ifxecQ Sol.
=1;ifxeQ
f(-x)=0=1(x);ifxeQ
=1=1(x) ;ifxe Q

- f(x) is an-even function
. Options (A) is correct Answer.

f (f(x)) is-
(A) a constant function
(B) an even function
(C) an odd function
(D) many one function
[A,B,D]
f(f(x))=0; ifxeQ
=1; ifxe¢ Q
It is a constant, an even function and many one
function.
.. Options (A), (B), (D) are correct Answer.

Domain of g(x) = In (sgn f(x)) is- Q.29
(AR

(B) set of all rational numbers

(C) set of all irrational number

D) R Sol.
[C]

Domain of g(x) = An (sgnf(x))

g(x) to be defined if

sgn f(x) >0
M >0
f(x)

= 1>0; x¢g Q
=0;xeq

i.e. set of all irrational numbers
.. Option (C) is correct Answer.

Passage 111 (Question 28 to 30)

Consider the function

1 .
X=[x]-=; i xel
[xX]-3
0o
where [.] denotes greatest integer function.
If g(x) = max. {x2, f(x), | x [} ; -2 < x < 2, then.

f(x) =
if xel
Q.30

Range of f(x) is-

(M) [0, 1) (8) —%,1}
11 11
©) [—E,EJ © -3
c]
{x}—1 X gl
=7 ’
0 Xel

g (x) = max {2, f(x), X[} ; xe[-2, 2]

-11
f f —,=
range o (x)e[ 5 2)

f(x) is-

(A) non periodic

(B) periodic with period 1
(C) periodic with period 2
(D) periodic with period 1/2
[B]

1 .
F(x) = {x}—E X el

0 xel
g () =max {x*, f (x), [x[} ; xe[-2, 2]

N

Period of {x} =1

The set of values of a, if g(x) = a has three real
and distinct solutions, is -

(A) (0, 1/2) (B) (0, 1/4)

(C) (1/4, 1/12) (D) (0, 1)
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Sol.  [C]

1 .
f(x) = {x}—E X el

0 xel
g () =max {x*, f (x), [x[} ; xe[-2, 2]

p3-7 =-x

(between — 1 <x < 0)
For 3 distinct solution,

90) < [%%j

Passage 1V (Question 31 to 33)

Consider the function

00 = {xz ~1, —1<x<1
anx, l<x<e

Let f1(x) = f(x])

f2(x) = (X))

f3(x) = f(-x)

Now answer the following questions.

Q.31  Number of positive solutions of the equation
2f, (x) -1 =0 is-
(A) 4 B)3 (©)2 (D)1
Sol. [C]
) = {xz -1 ;-1<x<1
Inx ;l<x<e

f1 (x) = (x|)

Q.32

Sol.

Q.33

Sol.

F(ix) = %

Number of integral solution of the equation
f1(x) = f(x) is

A) 1 B)2 (C)3 (D) 4
[D]
f(x):{xz—l c1<x<1

In x l<x<e

f2(x) = [f(x)
) x¥*-1=1-x*;-1<x<1
2xX*=2=>x=xl=>x=-1
= |x=-1
i) X’~1=x"-1; 0<x<1
1=1 = x=0,1
Inx=|Inx|;
x=1,2
~ x=-1,0,1, 2} 4 solutions

l1<x<e

If £4(x) = log,7 (f3(X) + 2), then range of f4(X) is

(A [, 9] ®) E ooj
© |03 )11, 27
]
fx) = x2-1 :-1<x<1

In x l<x<e
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' Q.35 Letf(x)=x+(x);x<0
\\J L 3X—2(x); x>0
71\/1 2 e Range of sgn f(x) is -
*1 (A) {-1,0,1} (8) {-1.1}
(€) {1, 0} (D) {-1,0}
Sol.  [A]

()7 + [X)* = [x— 117 + (x + 1)?
/\1 e (x)=25=3

f4(x) = logz7 (f(-x) +2)
1E(X):{Iogm(x2+1) ; —1<x<1
log ,; (In(-x)) ; —-e<x<-1

Y(1) = tlogs ((1+1+2)

y'(x) = 21 .2Xx=0=>x=0
X“+1

y(e)= % logs(1 +2) =

w |

1
0,=
ve o]

L 1

Passage V (Question 34 & 35)

If notation [x] denotes integer less than or equal
to x and (.) denotes integer greater than or
equal to x, then

Q.34  The solution set of the equation
(X)2+[X2=[x-1]2+ (x + 1)%is -

(A) {x;x e R} B) {x;xe R-2Z}
©) {x;x ez} (D) {x; x € o}
Sol. [B]
()7 + [XI° = [x = 11° + (x + 1)°
x)=25=3

[X]? + (X)? = (x — 1)* + [x + 1]?
Subs tile on integer & real no.
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EXERCISE # 4

Old IIT-JEE Questions |

Q.1

Sol.

Q.2

Sol.

Let f (x) = (1 + b?)x2 + 2bx + 1 and let m(b) be
the minimum value of f(x). As b varies, the

range of m(b) is - [1IT 2001]
(A)[0,1] (B) [0, 1/2]

(©) [1/2,1] (D) (0,1]

[D]

f(x) = (1 + b)x? + 2bx + 1

Differentiating w.r.t. X, we get

f' (x)=(1+Db%)2x+2b (i)
Again, differentiating wrt x, we get

£ (x) = 2 (1+b?) ...(ii)

" (x) = 2(1+b?) = +ve forall b e R
.. f(X) to be minimum
f(x) =2(1+b?)x+2b=0

=X=
1+b?
_ 2
) Ix= b2 = m(b) = (1+h?) — > 5
1+b 1+Db9)
+2b (7b)2 +1
@+b%)
2 2
m(b): b ,iz +1
1+b%  1+b
2 2 2
m(b) = sz +1= -b +1;b
1+b 1+b
1
m(b) =
1+b?

Since 1+b® is +ve greater than unity for all
beR
. m(b) € (0, 1]

Option (D) is correct Answer.

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

[11T 2001]
(A) 14 (B) 16
(C) 12 (D)8
[A]

We can take general case : If Aand B are two sets
having m and n elements respectively such that 1

Q.3

Sol.

Q4

Sol.

< n < m; then number of onto functions from A to

n
Bis > (-D)" " "Cy(n"
r=1
Butinourcase:E={1,2,3,4} =>m=4
F={1,2}=>n=2
.. No. of onto functions from E to F is

2

DD ) = (D) D) + (1) *C)f
r=1
=-1 % + %(16)272+16:14

. Option (A) is correct Answer.
o X

Let f(xX) = ——, x = — 1, then for what value
X+1

of o, f{f ()} = x.

(A) V2

©1

[D]

f(x) = a—x, Xx#-1
x+1

[1IT Scr. 2001]

(B) -2
(D) -1

f(F(x)) = x

f( ax j .
X+1

ax
a.m B a’x B
ax Cax+x+1
x+1

OLZX

> —————=X
(a+1)x+1

= a’=(a+1)x+1

>a-1)(a+1l)-(a+1)x=0

= (a+)[(a-1)-x]=0= a=-1

.. option (D) is correct Answer.

The domain of definition of

_ logy (x+3) .

f(x)= 21 3xi2 is— [IIT Scr. 2001]

AR-{-2+2} (B)(-2 =)

C)R-{1,-2,-3y (D) (-3, /{1,-2}

[D]

f(x) = log, (x +3)

X2 +3x+2
f(x) to be defined if
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Q5

Sol.

Q.6

Sol.

Xx+3>0 andx* +3x+2 %0

= x>-3and (x+1)(x+2)=0
= x>-3and x=-1,-2

= X e (-3, o) - {-1} - {2}

", Option (D) is correct Answer

If f:[1, o) — [2, ) is given by
1
f()= x+ _ then 1 (x) equals -
[T Scr. 2001]

X+Vx%—4 X
A ——— B
(A) > ( )1+x2

X—Vx? -4
(C)T D)1+ \x*-4
[A]
IFF:[1, 0) > [2, %)
f(x):x+£

X

2

y= Xx+1 = x*-yx+1=0

= X=

yryy? -4 - xxVx®-4
— (X)) ——

2x1 2
Since, f: [1, ©) > [2, )

X+Vx2 —4

s i) =
() 5
.. Option (A) is correct answer.
, x<0
- _ x=0
Letg(X)=1+x—[x]and f(x) =
, x>0

Then for all x, f (g(x) is equal to-
[IIT Scr. 2001]

(A) x B)f(x)
©1 (D) g (x)
[C]
, X<0
g(x) = 1 + x — [x] and f(x) = 0
, X<0

f(g(x)) = 0

x>0

f(g(x)) =1, forx>0

Q.7

Sol.

Q8

Sol.

Suppose f(x) = (x + 1)2 for x > — 1. If g(x) is the

function whose graph is the reflection of the

graph of f(x) with respect to the line

y =X, then g(x) equals— [IIT Scr. 2002]

(A)—vx —1,x>0 (B) —*
(x+1)

(C) Vx+1 ,x>-1 (D) Vx—-1,x>0

f(x) = (x + 1)* for x > -1

y=(x+1)?

= (x+1)= \y

= X = \/y—l

S ) = VX -1 =g(x)

=g(x)= VX —1;x>0

.. Option (D) is correct answer.

Let function f : R — R be defined by

f(x) =2x + sin x for x € R. Then f is—
[IIT Scr. 2002]

x>-1

21

(A) one to one and onto

(B) one to one but not onto

(C) onto but not one to one
(D) neither one to one nor onto
[A]

f:R>R

f(x) =2x +sinxforx e R

We can draw graph of f(x) as —

/ Any line parallel to
x-axis cuts only at one

y point. Hence f(x) is one-
one function.

x=0;y=0
x=F.y=C,1
6 3 2
x=Z.y=F4 L
4"’ 2 2
_m . _2n J3
X=—,¥y= — + —
3 3 2
T
X:E;y:n+1:>X—>oo,y—>oo
x=_%.y=_T_1
6’ 3 2
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Q9

Sol.

x=—E.y=_F 1
4"’ 2 2
(=T .yo 21 VB3
3’ 3 2

X=m2;y=—-n-1 = X—>—-00, Yy>—wo
x=0,y=0

Hence, it is also onto

.. Option (A) is correct Answer.

Let f(x) = ﬁ defined as [0, ) — [0, ),
+

f(x) is—

(A) one- one & onto

(B) one—one but not onto
(C) not one—one but onto
(D) neither one—one nor onto
[A]

f : [0, ©) > [0, «)

[HIT Scr.2003]

X

f(x) = ——

) 1+Xx
y= X
1+Xx

(0,0) X
x=0;y=0
x=1 =1=05
2
2
x=2;y=— =0.67
d 3
3
x=3;y=— =0.75
y 4
4
x=4;y=—=0.8
y 5
x:5;y:%:0.833

X—>ow,y—>1
Any line Parallel to x-axis cuts curve only at one
point. Hence, it is one-one. It is also onto.

*. Option (A) is correct Answer.

Q.10

Sol.

Q.11

Sol.

2
IF £x) = VX2 +x + 2% o e (0, w2),
VX2 +x
x > 0 then value of f(x) is greater than or equal
to— [T Scr.2003]
(A) 2 (B) 2tan o
(C)5/2 (D) sec o
[B]
tan® o

,o € (0,n/2) x>0

f0) = Vx2+x +
X +X

Using AM. > GM.

2
IxZ x4 B0
\/x2+x >\//x2+x tan’ o
5 > :

2

X< +X
2
tan“ o
= VX2 ix + > 2 tana
X2 +x
2
tan® o
= f(x) = VX% +x + > 2tana
X2 +x

= f(x) > 2tana
Option (B) is correct Answer.

X2 +X+2 :
X% +x+1

[1T Scr.2003]

11
(&(L7)
7

Find the range of f(x) = S—

(A) (1, =)

7
©[3)

[l
) =y=

X2 £ X+2

x% +x+1
= XYy +yx+y=x*+Xx+2
=xy-1)+x(y—1)+(y—2) =0

2
oD -D Ay -Dy-2)

2 (-1 v
Ay y-D?+4a-y)y-2)
=>X= y=1
2x(y-1

(y-1)7+4(1-y)(y-2)>0
Y-Dlly-1)-4(y-2]>0
y-1)[y-1-4y+8]>0
=(y-1)({7-3y)>0
= (y-1)(7-3y)>0

ve 1 e 7/3 —ve

37
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Q.12

Sol.

Q.13

Sol.

Q.14 f(x):{

=1<y<7/3
.. Range € (1, 7/3)
", Option (C) is correct Answer.

Domain of f(x) =/sin " (2x) + /6 is—

[T Scr.2003]
w2y o[

11 11
© [‘z' ﬂ (©) [‘5' ﬂ
[A]

f(x) = \/sin 2(2x) + /6

f(x) to be defined if
sin'(2x) + n/6 >0 and -1 <2x<1

= 2X > —1 and —l sxsl
2 2 2

12 u4 0 AR
.. Option (A) is correct Answer.

Let f(x) = sin x + cos x and g(x) = x2 — 1, then
g (f(x)) will be invertible for the domain-
[IIT Scr.2004]

T

(A)x [0, x] (B)x {_Z’Z}
T
(C)XE |:O,Ej|

T
(D) X e l:—E,Oj
[B]

f(x) = sinx + cosx and g(x) = x*— 1
g(f(x)) = (sinx + cosx)® — 1
=1 +sin2x — 1 = sin2x
g(f(x)) = sin2x

IA

g(f(x)) to be defined if—g <2x g

<

x

T
= -=<
4

.. Option (B) is correct Answer.

X, xeQ 3 0 xeQ
0, xeQ ,g(x)_{x xeQ

Na

Sol.

Q.15

Sol.

then (f—g) is [IIT Scr.2005]
(A) one-one, onto

(B) neither one-one, nor onto

(C) one-one but not onto

(D) onto but not one-one

[A]
X, xeQ X, xeQ
) {O, xeQ o) {0, X&Q
-0 = (F-9) 09 ={ <9
gro=t—a9=1_ . xe Q
Q is set of Rational Numbers
x¢e Qie,xeQ
Q° — Set of Irrational Numbers
Since NclcQcR
y=x

Forx € Q% y=—x

would be like points, not a continuous graph.
Hence, consider only y = x. Draw any line
parallel to x-axis meet only at one point. Hence, it
is one-one as well as onto

.. Option (A) is correct Answer.

If X and Y are two non-empty sets where
f: X = Y is function is defined such that
fC)={f(x): x e C}forCc X

and f1(D)={x:f(x) e D}forDcY
forany Ac Y and B c Y then- [IIT 2005]
(A) F1(f(A)) = A

(B) F(f(A)) =Aonlyiff(X)=Y

(C) f(fF(B)) =B only if B < f(X)

(D) f(f(B)) =B

[C]

f:X->Y

f(C)={f(x) : x e C}forC c X

and f}(D) = {x: f(x) e D} forD c Y
foranyAcYandB c Y
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Q.16

Sol.[A]

f: X—m—> Y

®)
(B)
(A)

According to given statement, f(A) does not exist
£1(B) exist

So, only possibility (C) or (D)

But (C) is most appropriate answer according to
statement.

Find the range of values of t for which

_ 2
2sint= 1= 2x+5%" ite [—E E}

3x%2—2x-1" 2'2

[I1T 2005]
3n T —-3n e
(A) —<t<= (B) —<t<=
10 2 10 2

(D) None of these

1-2x+5x% { T TE:I
7 o 5722
3x“—2x-1 2 2

6 sin t X° — 4sint X — 2sint = 1 — 2x + 5x°
(6 sint — 5) x* + x (2 — 4sint) — (1 + 2sint) = 0
(6sint — 5)x% — (4 sint— 2) x — (1 + 2 sint) = 0

T T
C) —=<t<—
()2 10

2sint=

. (dsint—2) +/(4sint—2)2 + 4(6sin t—5)(L+ 2sin t)

2x(6sint-5)
; sint = E
6

X to be defined if

(4 sint — 2)® + 4(6 sint— 5) (1 + 2 sint) > 0

(2 sint— 1)® + (6 sint— 5) (1 + 2sint) > 0
4sin’t + 1 —4sint + 6 sint—5 + 12 sin’t— 10 sint > 0
16 sin“t— 8 sint—4 >0

4 sin’t— 2sint—1>0

2+./4+16

2x4

1445
4

sint =

sint =

= [sintﬁj (sintlJr\/gJ >0
2 >

4

Q.17

n 3n
10 10
T
4 4 2
Either sint < 1-v5 or sint> L+45
4 4
ie,t<— I oort> 3—n
10
. T T 3n T
le.— — <t —— or — <t —
2 10 10 2

Let f(x) = x* and g(x) = sin x for all xeR. Then
the set of all x satisfying (f o g 0 g 0 f) (X)

=(go gof)(x), where (f o g) (x) = f(9(x)), is
[1T 2011]

(A) +/nr, ne{0, 1 2.}
(B) +nm, nefL, 2.}

(©) g+2nn,ne{....,—2,—1, 012 ..}

(D) 2nm, ned....,-2,-1,0,1,2, ...}

Sol. [A] gof(x) = gf(x) = g(x?) = sin x*

Q.18

Sol. [B]

go (gof(x)) = g(sin x°) = sin (sin x%)
fo(gogof(x)) = f(sin (sin x%)) = (sin(sin x%))?
=, (sin (sin x?))? = sin (sin x%)

sin (sin x%) (sin (sin x%) -1) = 0

sin (sinx%) =0 or sin (sinx?) =1
T

sin X’ = nx sin x* = 2nm + >
Atn=0 Atn=0
sinx>=0 sinx= =~

2
x> =nn Not possible
X=x /N7 ; ne{0,1,2,....}

The function f : [0, 3] — [1, 29], defined by
f(x) = 2x* — 15x° + 36x + 1, is [T 2012]
(A) one-one and onto.

(B) onto but not one-one.

(C) one-one but not onto.
(D) neither one-one nor onto.
Givenf: [0, 3] — [1, 29]

f(x) = 2x° — 15x% + 36x + 1
f'(x) = 6x% — 30x + 36
=6(x-2) (x-3)

f'(x) > 0if xe(0, 2)
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& f'(x) <0ifxe(2,3)
Function is many one & continuous

Now f(0) = 1
f(2) =29
Range = co-domain
(2,29)
(3,28)
(0.1)
0 2 3

Hence function is onto.

Q.19 Let f: (-1, 1) > IR be such that f(cos 40) =

2
—zfor 0e (O,EJ U (E, E). Then the
2—sec” 0 4 4 2

value(s) of f[%) is (are) [T 2012]

3 3
W1- 2 (B) 1+ /E
2 2
€)1- /§ (D) 1+ /5

Sol. [A,B]

cos 40 = l
3

2005226—1=%

cosze:i\/z
3

On solving

_1+4273
2

0s%0
sec’0 =

2
1£2/3

On putting this

f(%j\/gl
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EXERCISE # 5

Q.1

Sol.

Q.2

Sol.

Let A be a set of n distinct elements. Then the

total number of distinct functions from Ato A is

............ & out of these........ are onto functions.
[11T-1985] 03

Set A has n distinct elements.

Then to define a function from A to A, we need

to associate each element of set A to any one of

the n elements of set A. So total number of

functions from set A to set A is equal to the Sol

number of ways of doing n jobs where each job '

can be done in n ways. The total number of Q.4

such waysisn xn xn X ... xn n-times.

Hence, the total number of functions from A to

Aisn".

Now for an onto function from A to A, we need

to associate each element of A to one and only

one element of A. So total number of onto

functions from set A to A is equal to number of

ways of arranging n elements in range (set A)

keeping n elements fixed in domain (set A). n

elements can be arranged in n ! ways.

Hence, the total number of onto function from

AtoAisn!

Sol.

Find the natural number 'a' for which

n
D f(a+k)=16(2" —1), where the function '
k=1
satisfies the relation f(x + y) = f(x) f(y) for all
natural numbers x, y and further f(1) = 2.
[11T-1992]
Let f(n) = 2" for all positive integers n
Now, forn=1
f(1)=2=2!
= itistrueforn=1
Again let f(k) is true
— f (k) = 2" for some k € N
Again f (k + 1) =f (k) . f(1) (by definition)

= 2.2 (from induction assumption)
2k +1

Therefore, the result is true for n = k + 1.
Hence by principle of mathematical induction.
fn)=2"vneN

Now Zn:f(a+ k) :Zn:f(a) f(k) = f(a) iz"
k=1 k=1 k=1

=t (). —2(?_11)

=22.202"-1)=2*"1(2"-1)

n

But » f(a+k) =16(2"-1)=2*.2"-1
k=1

Therefore. a+1=4=a=3

If a, b are positive real numbers such that
a — b = 2, then find the smallest value of the

constant L for which vx2 +ax — vVx2 + bx < L
for all x > 0.

[1]

Afunction f: R —» R, where R, is the set of real
ax? +6x -8

o + 6x —8x?
Find the interval of values of o for which f(x)
is onto. Is the functions one-to-one for o = 3?
Justify your answer. [11T 1996]
f:R->R

ax2 +6X -8

numbers, is defined by f(x) =

f(x) = -
o+ 6X —8x

For onto, Range of f = Co-domain of f
Domain € R, Co-domain = Range € R

yo + 6yX — 8yx? = ax? + 6x — 8

(-8y — a)x’ + x(6y —6) +ya +8=0
8y + o)x* — (6y — 6)x (yo +8) =0
8y + a)x*~6(y — 1)x — (ya. + 8) =0

- 6(y —1)+/36(y ~1)2 + 48y + o) (Yo + 8)

- 2% (8y + 1)
XeR, =>8y+a=0
36(y—1)°+4 (8y + @) (ya + 8) =0
36(y? +1 —2y) + 4 (Say® + Yo + 64 y + 8a) > 0
36(y° — 2y + 1) + 4(8ay?) + dy(o” + 64) + 32a.> 0
V(36 + 320) + y[4a? + 256 — 72] + (320, + 36) >
0 (8w + 9)y* + y[o + 64 — 18] + (8 + 9) >0
(8o +9) y* + y(o? + 46) + (8a. +9) > 0
ForAx> +Bx+C=0

ifA>0, D<O

ie, B?~4AC<0
(o +46)° — 48+ 9). (Ba. + 9) <0
ie. (o +46)°<4 (8o +9)
or o’ +46 <2 (8a.+9)
or o +46 <160 + 18
or a®—160.+28<0
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Q5

Sol.

Q.6

Sol.

or(a—2) (e—14)<0

2<a<l4
2 €[2,14]
2
Fora =3, f(x)= w
3+6x—-8x
At x=-1,f(1)=>=6=8 -4
3-6-8
Atx=1, f(1) = 3+6-8 _
3+6-8

. It is not one-one

T
[X+1]
the greatest integer function. Then find the
domain of f. [T 1996]

f(x) = [x] sin ( T j

Let f(x) = [X] sin ( j where [.] denotes

[x+1]
[X]<x = [x+1]<x+1
[x+1]1=0
X#—-1
-1 0

Domain of fis x € R except [-1, 0)

If f is an even function defined on the interval
(-5, 5), then four real values of x satisfying the

equation f(x) = f (X—Hj are........ poen O . .
X+2

[11T-1996]
Since f is an even function,

f(-x) = f(x) ¥ n e(-5, 5)

We are given that, f(x) = f(:—ﬂj ...... )

+2
f(-x) :f[:::;j

= f(x) =f(:::;]

[0 f(=x) = f(x)]

taking f* of both sides

—X+1
—X+2

= —xX*+2x=—-x+1
= X*-2x=x-1

= X-3x+1=0

Q.7

Sol.

(o 3:40-4 3+\6

2 2

Also,  f(x) :f(”l]

X+2
= () :f(::;j
0 f(x) = f(x)

taking f* of both sides, we get

x=X L oyoxe1
X+2
X>+3x+1=0
_3+.9-4 —3+.5
=Xz 2 2

+3+

"l

Therefore, four values of x are

Let f(x) = Ax2 + Bx + C where A, B, C are real
numbers. Prove that if f(x) is an integer
whenever x is an integer, then the number 2A,
A + B and C are all integers. Conversely, prove
that if the numbers 2A, A + B and C are all
integers then f(x) is an integer whenever X is an
integer. [11T-1998]
Suppose f(x) = Ax? + Bx + C is an integer
whenever X is an integer

f(0), f(1), f(-1) are integers.
= C,A+B+C,A-B+Care integers.
= C,A+B, A-Bare integers.
= C A+B, (A+B)-(A-B)=2Aare
integers.
Conversely suppose 2A, A + B and C are
integers.
Let n be any integer. We have
f(n)=An’+Bn+C

:2A{@}+(A+B)n+c.

Since nis an integer, n (n — 1) / 2 is an integers.
Also 2A, A + B and C are integers.
We get f (n) is an integer for all integer n.




Edubull

QS8

Sol.

Q.9

Sol.

If the function f : [1, o) — [1, ) is defined by

f (x) = 2x-1) | then find the value of f -1 (x) .
[T 99]

f:[1, ) > [1, )

f(x) = 2D = X" X

If we draw any line (y > 1) Parallel to x-axis,

then only one point of Intersection obtained
Hence, it is one-one mapping.

y

\
\
\
1
\

For onto

one-one onto

WN -
< <

. fexists
X2 —x = logy = x> — x — logoy = 0

1i,ll+4log2 y

2

X =

we take only +ve root,

_ 1+,/1+4log2 y

2

fl(x) _ 1+,[1+4Iog2 X

2

X

Let f(©) = sin 0 (sin 6 + sin 3 6). Then f(6)-
(A)>0onlywhen 6 >0
(B) <0 forall real 6

(C) >0 for all real &
(D) <0onlywhen6<0
[C]

(6) = sinB(sin6 + sin36)
£(0) = sin0 + sin6 (3sin6 — 4sin’p)
£(0) = sin’0 + 3sin°0 — 4sin"0

[11T 2000]

Q.10

Sol.
Q.11

Sol.
Q.12

Q.13

Q.14

Sol.

£(0) = 4sin%0 — 4sin®0 = 4 sin?0 (1 —sin%0)
= 4 5in°0 cos0

£(0) = (sin26)?

~1<sin20<1 = sin20<1

£(0) = sin“20 < 1 for all real 0

= f(8) > 0 for all real 6

. Option (C) is correct Answer.

Let [X] = the greatest integer less than or equal
to x. If all the values of x such that the product

{x—ﬂ {x+ﬂ is prime, belongs to the set

[X11 X2) o [X31
X12 + X22 + X32 + X42.
[11]

Xq), find the wvalue of

The set of real values of 'x' satisfying the
equality E} + [ﬂ = 5 (where [ ] denotes the

greatest integer function) belongs to the

interval [a,g} where a, b, ¢ € N and Eis in
c c
its lowest form. Find the value of a+ b + ¢ + abc.

[20]

Let f : R > R — {3} be a function with the
property that there exist T > 0 such that
f(x)-5
f(x)-3
f(x) is periodic.

f(x+T) =

for every x € R. Prove that

In a function

s (2] {2

X T
= 4 cos? -~ + X cos — . Prove that
X

() f2) +f(1/2)=1 (i) f(2) + f(1) =0

x> —8x+18

5 is an one-one
X° +4x+30

Verify if  (x) =

function.

x2 —8x +18
x% +4x+30
Let f(x) = f(y)
x2 —8x +18 _ y2—8y+18
X2 +4x+30 -

f(x) =

y2+4y+30
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= (X —8x + 18)(y? + 4y + 30)
= (X% + 4x + 30) (y* — 8y + 18)
— X2 -8 xy? + 18y + 4x’y— 32 Xy + 72y
+30x% — 240 x + 540
= X3y + 4xy? + 30y? — 8x%y — 32xy — 240y +
18x% + 72x + 540
— —8xy’ + 8x%y + 18y% — 18X + 4x%y — 4xy?

+ 72y — 72x + 30X — 30y’ —240x + 240y =0 gg.
= 8xy (x—y) +18 (y +x) (y — x) + 4xy (x —y)
+72(y—-x)+30 (x-y)(x +y)+240 (y-x) =0
= (X-y)Bxy—18 (y +x) +4xy - 72 + 30(x +y)] =
0
= X-Yy)[12xy +12(x +y) - 72] =0
Eitherx —y=0and 12xy + 12(x +y) - 72=0
orx—y=0 and 12xy + 12(x +y) - 720
orx—y=0and12xy + 12(x +y)-72=0
Hence, by above method function may or may
not be one-one
We can get exact result by drawing graph of
given curve as —

_ x?_-8x+18

B x2 +4x +30
x=0;y=3/5=0.6
x=1;y=11/35=0.31
X=2;y=6/42=1/7=0.14
x=3;y=1/17 =0.06
ASX >+ y—>1

27

Q.15

asx? +4x+30%0

x=-1;,y=— =1
y 27
19
X=-2;y=—>1
y 13
17
X=-3;y=—=2
y 9

If we draw any line parallel to x-axis. It cuts at
more than one points. Hence, it is not one-one
function.
Find the domain of the function,

1
|x-1| + |7-x|

fx) = 5 [] is greatest

integer function.
() = :
(x-1+07-x[1-6
f(x) to be defined if [[x —1]] + [[7—x]]-6=0
= [x-1]+[7-x]=6

1
When x <1
x-1<0
X-1=-(x-1)=1-x
X<1l=>-Xx>-1=7-x>7T-1=7-%x>6
ST =x] =(7T-Xx)
[L-X]+[7T—Xx]=6
[X]<x &x<1
s XI<1
S[l=X]+[7-x]=6
X+6-X#6=>x%0
X e (-, 1)-{0}
when 1<x<7= [x-1=x-1
X<T=>-X>2-7T=7-x20
[7—x=7-x
[X-1]+[7-x]=6; 1<x<7
ie.0<x-1<6
[x-1]=0
X-7<0=7-x20
[7-x]1=(7-x)
0+7—x=6
=>x=1
when x> 7,[X—1]+[Xx—-7]=6
X=1+X-7#6=>2X-8%6
= 2x=14
= X=7
X € (—oo, 1] U [7,0) - {0} - {1, 7}
xe R-{0}-{1,7}




ANSWER KEY

EXERCISE # 1

QNo.l| 1 | 2 | 3| 4| 5|6 ] 7|8 ]| 910|112 [13]14|15[16]17[18]19]20
Ais.| A | D | C cC| A Ccb|D|B|A|B|C|A|A|B|A|[D]|A
QNo.| 21 | 22 | 23| 24 | 25
As.| A D| B[ A] A
(26) False (27) False (28) False (29) True (30) 106!
EXERCISE # 2
(Part-A)

Q.No.| 1 2 3 4 5 6 7 8 9 10 11 12 (1314 115|116 17 | 18 | 19
Ans.| D B B D C D C B B D A A D| B B|A|B|DJ|A
(Part-B)

Q.No.| 20 21 22 23 24 25 26 27
Ans. |ABD|ABCD| AB |AB,C|AB,C.D| AB A |BCD
(Part-C)

Q.No.| 28 29 30 | 31
Ans. A D A B
(Part-D)

32) A-R,B->P,C>S5D->Q
(34) A-S,B—-»S,C—»>SD->R

33 A-Q,B>S,C—>P,D>R
35 A-R ,B->QR,C>Q,D->S

EXERCISE # 3

. 5 —-3rn
I ()] {_T’ 4
(iii) (~o0, —3]

o[

. 1 1 1
(vi) (0, m]u [ﬁﬁ]
(ix) (-3,-1]u{0r |1, 3)

o33 [54

£

4 4

(iv) (—o0, =1) U [0, 0)

(Vi) (1 <x<-1/2) U (x>1) (viii) {

(i) (—

1
2

4,__j U2, ) (iii) (o0, 3]

V)(3-2r<x<3-mu(B<x<4)

1-45
2

X) (x) (0, 1/4) U (3/4, 1) U {x :x e N, x> 2}

(xii) [-3,-2) U [3, 4)

(xiv) 2Kn < x < (2K+1)r but x = 1 where K is non-negative integer.

(xv) x € {4, 5}

8

(xiii) R — {—% o}

1+

2

\/EOO

|




2) (@)D:xeR R:[0,2] (i) D =R ; range [-1, 1]

([iyD:{x|xeR;x=-3;x=2} R:{f(X)|f(X) € R, f(X) = 1/5 ; f(x) #1}
(vyD:R;R:(-1,21) (v)D:—1£x£2;R:[\/§,\/§]

(WD:xe @nm, @n+Yn—{2ne+ = 2nn+ 7 2nn s %“ n e 1} and
R :log.2; a € (0, ©) — {1} = Range is (-0, ) — {0}
(vi)D: [-4,0)-{5};R: (Oéj u[%ﬂ (viii) [r/4, ) (ix) [1/2, 1]
(3) (b) (i), (iii) are identical. (5) f(x)= % (6) (0, 5/3) (7N [0, 4)
-X;-2<x<0
(8) 0;0<x<1 (9) {1/4}
2(x-1);1<x<2
(10) A= {0, log, 7,%,?—2,%3,5,6} and since f (x) is not bijective therefore f 1 : B — A is not possible.
(13) Px)=x+3,Q(X) =~ (x+2)
(15) f,(x)=—xtanx, —n/2<x<0; —n/2[X];, —-2<x<-n/2; f,(X)=XxtanX; —7w/2<x<O0;

W2[x], —2<x<-nul2

x+1 , 0<x<l1
L+%) , —1<x<0 3_x  1<x<? X . 0<x<1 —X , ~lsx<0
-+ -l<Xx= -X <x< , 0<x<
16) fog(x) = ' ; = ' ; fof (x) = ; = <
(16) 9(x) {x—l , 0<x<2 gof (x) Xx—-1,2<x<3 () {4—x,3sxs4 909(x) X o 0<xs<2
4-x, 2<x<3

5—-x , 3<x<4
(17) Domain : [1, 2]; Range: [\n 2, \n 4)
(18) (i) neither even nor odd (ii) even (iii) even (iv) even (v) odd

19) () x (i) 2 (iii)z—;T V)2r (V2" (Vi) (0) f(x)=2x*  (21)6016

Q.No.| 22 23 24 25 26 27 28 29 30 31 32 33 34 1 35
Ans. A C C A |ABCD|] C C B Cc C D Cc B A

EXERCISE # 4

w

QNo.| 1 2 4 5 6 7 8 9 | 10
as.| Dl Al D] D[ Al c][D] Aal]TSB B
QNo.| 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19
as. | cl Al B alcl al a]lsBs]|aB

EXERCISE # 5

(1) ", n! @) a=3 @)1 @) aed
(5) {x eR [x ¢ [-1, 0)} ©6) i3§‘/§ ®) % L+ T+diog,x) (9 C (10)11
(11) 20 (14) No (15)R—(0,1) U{L,2,3,4,5,6, 7} U (7, 8)




