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RELATIONS AND FUNCTIONS

RELATION

Arelation R fromset X to Y (R: X - Y) is a correspondence
between set X to set Y by which some or more elements of
X are associated with some or more elements of Y. Therefore
arelation (or binary relation) R, from a non-empty set X to
another non-empty set Y, is a subset of X x Y. i.e. Ry : X —
Y is nothing but subset of A x B.

e.g. Consider a set X and Y as set of all males and females
members of a royal family of the kingdom Ayodhya

X = {Dashrath, Ram, Bharat, Laxman, shatrughan} and

Y = {Koshaliya, Kakai, sumitra, Sita, Mandavi, Urmila,
Shrutkirti} and a relation R is defined as “was husband of ” 2.
from set X to set Y.

1.

Then Ryy = {(Dashrath, Koshaliya), (Ram, sita), (Bharat,
Mandavi), (Laxman, Urmila), (Shatrughan, Shrutkirti),
(Dashrath, Kakai), (Dashrath, Sumitra)}
Note :

(1) Ifaisrelated to b then symbolically it is written as a R b
where a is pre-image and b is image

(i) Ifaisnotrelated to b then symbolically it is written as

a Rb.

Total number of relation fromAto B :
Let number of relations from A to B be x.
Let A contain m elements and B contain n elements. 5.
Number of elements inAX B —>m xn
Number of non-void subsets
=MC, +MCy + ... +mec  =2m—]

DOMAIN, CO-DOMAIN & RANGE OFRELATION
Domain : of relation is collection of elements of the first set ¢
which are participating in the correspondence i.e. it is set
of all pre-images under the relation R. e.g. Domain of
Ry : {Dashrath, Ram, Bharat, Laxman, Shatrughan}

Co-Domain : All elements of set Y irrespective of whether
they are related with any element of X or not constitute co-
domain. e.g. Y = {Koshaliya, Kakai, Sumitra, Sita, Mandavi,
Urmila, Shrutkirti} is co-domain of Ry;.

Range : of relation is a set of those elements of set Y which
are participating in correspondence i.e. set of all images.
Range of Ry : {Koshaliya, Kakai, Sumitra, Sita, Mandavi,
Urmila, Shrutkirti}.

TYPES OF RELATIONS

Reflexive Relation : R : X — Y is said to be reflexive iff x R
X V¢ x € X. i.e. every element in set X, must be a related to

itself therefore ¢ x € X; (X, X) € R thenrelation R is called
as reflexive relation.

Identity Relation : Let X be a set. Then the relation I, = {(x,
X) : X € X} on X is called the identity relation on X. i.e. a
relation [ on X is identity relation if every element of X
related to itself only. e.g. y =x

Note : All identity relations are reflexive but all reflexive
relations are not identity.

Symmetric Relation : R : X — Y is said to be symmetric iff
(x,y) e R=(y,x) e Rforall (x,y) € Ri.e.xRy=yRx for
all (x, y) € R. e.g. perpendicularity of lines in a plane is
symmetric relation.

Transitive Relation : R : X — Y is transitive iff (x, y) € R

and (y, z) e R= (x,z) € Rforall (x,y)and (y,z) € R.i.e. xR

yandyRz=xRz.e.g.

The relation “being sister of ” among the members of a

family is always transitive.

Note:

(i) Every null relation is a symmetric and transitive relation.

(i) Every singleton relation is a transitive relation.

(ii1) Universal and identity relations are reflexive, symmetric
as well as transitive.

Anti-symmetric Relation : Let A be any set. A relation R
on set A is said to be an antisymmetric relation iff (a, b) e R
and (b,a) e R=>a=bforalla,b € Ae.g. Relations “being
subset of ; “is greater than or equal to” and “identity
relation on any set A” are antisymmetric relations.

Equivalence Relation :

Arelation R fromaset X toset Y (R: X — Y)is said to be an
equivalence relation iff it is reflexive, symmetric as well as
transitive. The equivalence relation is denoted by ~.

e.g. Relation “is equal to” Equality, Similarity and
congruence of triangles, parallelism of lines are equivalence
relation.
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INVERSE OFARELATION

Let A, B be two sets and let R be a relation from a set A to B.
Then the inverse of R, denoted by R!,isarelation from B
to A and is defined by R™! = {(b, a) : (a, b) € R}, Clearly,
(a,b) e R (b, a) € R! Also,

Dom of R =Range of R~! and Range of R = Dom of R"!

Example1:

Let R be a relation from N to N defined by
R={(a,b):a,b € Nand a=b2}. Are the following true?
(i (a,a)eR,forallaeN

(i) (a,b) € Rimplies (b,a) e R

(@ii)) (a,b) € R, (b,c) € Rimplies (a,c) € R.

Justify your answer in each case.

Sol. HereR={(a,b):a,b € Nanda=b2}
(i) No,(3,3) ¢ R because 3 = 32
(i) No,(9,3) e Rbut(3,9)¢R
(@ii)) No,(81,9) € R,(9,3) e Rbut(81,3) ¢ R
Example2:
Determine whether each of the following relations are
reflexive, symmetric and transitive:
() RelationRinthesetA={1,2,3,...,13, 14} defined
asR={(x,y):3x-y=0}
(i) Relation R in the set N of natural numbers defined
asR={(x,y):y=x+5andx <4}
(iii) RelationRinthesetA={1,2,3,4,5,6} as
R={(x,y):yisdivisible by x}
Sol. (i) A={1,2,3,..,13,14},R={(x,y):3x-y=0}

R={(1,3),(2,6),(3,9), (4, 12)}
Now 1 € Abut (1, 1) ¢ R. So R is not reflexive relation.
(1,3) e Rbut(3, 1) ¢ R. So R is not symmetric relation.
(1,3) e Rand (3,9) € Rbut (1, 9) ¢ R. So R is not
transitive relation.
So, R is neither reflexive nor symmetric nor transitive.
(i) R={(x,y):y=x+5andx<4}
R={(1,6),(2,7),(3,8)},A={1,2,3}
Now 1 € Abut (1, 1) ¢ R. So R is not reflexive relation.
(1,6) e Rbut(6, 1) ¢ R. So R is not symmetric relation.
InR, (a, b) € R but there is no ordered pair (b, ¢) € R.
So R is not transitive relation.
R is neither reflexive nor symmetric nor transitive.
(i) A=(1,2,3,4,5,6)
R={(x,y):(x,y) € A, yis divisible by x}
A={(1,1),(1,2),(1,3),(1,4),(1,5), (1,6),2,2), (24),
(2,6),(3,3),(3,6),(4,4),(5,5),(6,6)}
Now 1,2,3,4,5,6 €A
(1,1),(2,2)(3,3),(4,4),(5,5),(6,6) eR.SoRis
reflexive relation.
(1,2) e Rbut (2,1)#R. So R is a not symmetric
relation.
(1,1) eRand(1,2) e R=>(1,2) e R.
(2,2) eRand(2,4) e R=>(2,4) e R.
(3,3) e Rand (3,6) e R=(3,6) € Rand so on.
So R is transitive relation.
Thus R is reflexive and transitive but not symmetric.

Q.1

Q2

Q3

Q4

Q5

Q.6

Q.7

Q8

Q.9

TRY IT YOURSELF-1

Show that the relation R in the set {I, 2, 3} given by
R={(l, 2), (2,1)} is symmetric but neither reflexive nor
transitive.
Show that the relation R in the set A of all the books in
library of a college given by R {(X, y) : x and y have same
number of pages} is an equivalence relation.
Check whether the relation R defined in the set
{1,2,3,4,5,6} asR = {(a,b) : b=a + 1} is reflexive,
symmetric or transitive.
Let R be the relation in the set N given by
R={(a,b):a=b-2,b>6}. Choose the correct answer.
(A)(2,4) eR B)3,8) eR
(©)(6,8) eR D)@B,7)eR
Let R be the relation in the set {1, 2, 3,4} given by
R={(1,2),(2,2),(1,1),(4,4),(1,3),3,3),(3,2)},
choose the correct answer.
(A) Ris reflexive and symmetric but not transitive
(B) R is reflexive and transitive but not symmetric.
(C) R is symmetric and transitive but not reflexive.
(D) R is an equivalence relation.
Let R be a relation on the set N of natural numbers de-
fined by n R mifn divides m. ThenR is —
(A) Reflexive and symmetric
(B) Transitive and symmetric
(C) Equivalence
(D) Reflexive, transitive but not symmetric
Consider the set A= {1, 2,3} and R be the smallest equiva-
lence relationon A, thenR=............
Check the following relations for being reflexive,
symmetric, transitive and thus choose the equivalent
relations if any.
(i aRbiffla-b|>1/2;a,beR
(i) aRbiff(a—b)isdivisiblebyn;a, b e, nisa fixed

positive integer.
Two points A and B in a plane are related if OA = OB,
where O is a fixed point. This relation is —
(A) Reflexive but not symmetric
(B) Symmetric but not transitive
(C) All equivalence relation
(D) None of these

ANSWERS

(3) Risneither reflexive nor symmetric nor transitive.
@ © 5)(B) © (D)
M {(1,1),(2,2),3,3)}
(8) () Notreflexive, symmetric, not transitive

(i) Reflexive, symmetric, transitive and equivalence

relation. 9 (©)

FUNCTION

Definition : Let A and B be two given sets and if each
element a € A is associated with a unique elementb € B
under a rule f, then this relation is called function.
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Every element of A should be associated with B but vice-
versa is not essential. Every element of A should be asso-
ciated with a unique (one and only one) element of B but
any element of B can have two or more relations in A.

KINDS OF FUNCTION

1.

One -One function or Injection :
A function f: A— B is said to be one-one if different ele-
ments of A have different images in B.
Therefore for any two elements x|, x, of a set A.
X|#£Xy = 1(x)#(x,)

or f{x))=1x)= x;=x, then function is one - one

f): fy:

a
b— ”‘
C

The above given diagrams show f; & f, one-one function.
If the graph of the function y = f(x) is given, and each line
parallel to x- axis cuts the given curve at maximum one
point then function is one - one.

X Y

Al

O / f(x)=ax+b * X
f(x)=a"(0<a<l)

Examples of one-one functions -

Hf:R->R,f(x)=x

(i) f:R—>R,f(x)=ax+b,

(i1) f: R > R, f(x) = ax™ + b, nis odd positive integer
(iv)f:R-> R, f(x)=x|x|

v)f:R>R,f(x)=¢%,
(vi)f:R—>R,f(x)=a*(a>0)

(vii) f: Ry — R, f(x) =1/,

(viii) f: Ry — R, f(x) =log x,

(ix) f: Ry — R, f(x)=log, x (a>0)

Many - One Function :

A function f: A — B is called many- one, if two or more
different elements of A have the same f - image in B.
Therefore for any two elements x|, X, of a set A.

Xy # X, = f(x;) = f(x,) then function is many one

L 1
=) (i

@

b)

©

The above given arrow-diagrams show many-one function.
Ifthe graph of y =f (x) is given and the line parallel to x- axis
cuts the curve at more than one point then function is
many-one.

N\
Ny

Y
A
..-Y..-.-..j( _______ b}
> ¥ X< l » X
Y

0 f(x) =x2 ©

'

Example of many - one function :

(1) f: R—> R, f(x) =C, where C is a constant
(i) f:R >R, f(x)=x2

(iii) f: R > R, f(x)=ax2+b

(iv)f:R->R, f(x)=|x]|

W) f:R>R, f(x)=x+|x]|

(vi)f:R->R, f(x)=x—|x|

(vi)) f:R—> R, f(x)=[x]

(viii) f: R > R, f(x) =x—[x]

Where [x] is greatest integer function.

Methods of determining whether a given function is one-
one or many-one :

Ifx;,x, € Aand f(x,), f(x,) € B, equate f (x,) and f(x,)
and if it implies that x; = x, then and only then function
is one-one otherwise many-one.

If there exists a straight line parallel to x-axis, which cuts
the graph of the function atleast at two points, then the
function is many-one, otherwise one-one

Ifeither f' (x) > 0 V x € domain of f' (x) < 0 V x € domain,
where equality can hold at discrete point(s) only i.e. strictly
monotonic, then function is one-one, otherwise many-one.
Note : If f and g both are one-one, then gof and fog would
also be one-one (if they exist). Functions can also be
classified as "Onto function (Surjective mapping)" and "Into
function".

Onto function or Surjection :

A function f: A — B is onto if the each element of B has its
pre image in A.

Therefore if ! (y) € A,\y y € B then function is onto.
In other words, Range of f = co-domain of f.

The following arrow-diagrams show onto function.

><

|

[+
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Example of onto function :

O f:R>R,f(x)=x

(i) f:R—>R,f(x)=ax+b,a#0,beR
(iii) f: R > R, f(x)=x>
iv)f:R> R, f(x)=x|x]|

V) f:R—>R, f(x)=¢*

(vi)f:R* >R, f(x)=logx

Example3:

Sol.

Is the function f: N — N (N is set of the natural numbers)
defined by f(n) =2n + 3 for all n € N surjective ?

No, Range will consist of only odd number thus even num-
bers will have no pre-image.

Into function :

Afunction f: A— Bis into if there exit at least one element
in B which is not the f - image of any element in A.
Therefore, at least one element of B such that f ! (y) = ¢
then function is into.

In other words Range of f # co-domain of f

The following arrow-diagrams show into function.

~Lr [T

Example of into function :

) f:R—>R,f(x)=x2

(i) f:R—>R, f(x)=|x|

(iii) f: R > R, f(x) =c (¢ is constant)

(iv)f:R—> R, f(x)=sinx

(v)f:R—>R,f(x)= cosx

(vi)f:R->R,f(x)=¢*

(vi)f:R—> R, f(x)=a*a>0

Note : For a function to be onto or into depends mainly on

their co-domain.

Ex.f:R— Rthenf(x)=|x| isa into function
f:R—R"U {0} then f(x)=|x | is a onto function

Ex. f:[0,n] > [-1, 1]then f (x) =sinx is into function
f:[0, m] > [-1, 1] then f (x) = cos x is onto function

One -One Onto function or bijection :
A function f'is said to be one-one onto if fis one-one and
onto both.

-
l

|
YVY VY

Bx (i) Iff:R" — R* then f(x) =| x | is a one- one onto
function.

@) Iff:[-n/2,n/2]—>[-1, 1] then f(x)=sinxisa one-
one onto function.

One-One Into function : A function is said to be one-one
into if f is one-one but not onto

>
@ > * 0
} » E

& > ®

Ex.()Iff:[-n/2,n/2] >R, f(x)=sinx

(i) f:R* >R, f(x)=|x|

(.. co-domain and range are not equal so function is not
onto)

Many One -Onto function : A function f: A— Ris said to
be many one- onto if f is onto but not one-one.

>
"}/;/r
>

A4 > ®

Ex.(i)f:R—>RTU {0}, f(x)=x2
(i) f:R—>[0,0), f(x)=]|x|
(i) f: R > [-1,1], f(x)=sinx

Many One -Into function :
A function is said to be many one-into if it is neither one-
one nor onto.

(i) f:R >R, fx)=|x|

Ex.(i) f:R >R f(x)=sinx

Note:

(1) Iffis both injective and surjective, then it is called a
bijective mapping. The bijective functions are also
named as invertible, non singular or biuniform
functions.

(i) IfasetA contains n distinct elements then the number
of different functions defined from A — A is n" and
out of which n! are one one

(i) If f and g both are onto, then gof or fog may or may
not be onto.

(iv) The composite of two bijections is a bijection if f and
g two bijections such that gof is defined, then gof is
also a bijection only when co-domain of fis equal to the
domain of g.

Example4:

Find the type of the function f: R — R, f(x) = x2

Sol. - 4=—4,butf(4)=f(-4)=16

.. fis many one function.

Example5:

Find out the type of the function
x—-2
f:R—>R-{1},f(x)=
x-3
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Sol.

One-one/many-one : Let x;x, € R — {3} are the elements
such that f(x;) =1 (x,) : then

X =2 Xp-2
X =3
(%, ~2) (%, -3)= (%, -2) (x,~3)
X Xy —2%y—3X; 6= XX —2X| = 3%, +6
= 2%, = 3x; == 2%, 3%,
X, =x; L I(x)=1(x) =%
f is one - one function
Onto/into : Lety € R— {1} ( co-domain)
Then one element x € R — {3} in domain is such that

f(xp)=1(x)=

X2—3

=X,

uUuu Uy

x—2
f(x):y:;:y:xf2:xyf3y
(3y 2)

Ly 1)—xeR {3}

The pre-image of each element of co-domain R — {1}
exists in domain R — {3}.
fis onto

= X=

=

Example6:

Sol.

Find out the type of the function f: [0,
One-one/many-one : - Y
Since line parallel to x-axis cuts
the graph at one point so function

A
_l%
is one-one P 2 >

] > R, f(x) = cosx

Onto/into : Since the values of ~ ° §
cosx in interval [0, 7] lie between
—1 and 1 it follows that the range
of f(x) is not equal to its co-domain R.
So f'is not onto

COMPOSITE FUNCTION

Consider two functionsf: X > Y, g: Y > Z

one can defineh: X — Zsuch thath (x) =g {f (x)}
Domain of gof (x) 1. e. g {f(x)} = {x: x € Domf, f(x)e Dom g}
Domain of fog (x) = {x : x € Dom g, g (x) € Dom f}

Function gof will exist only when range of f is the subset of

domain of g. gof (x) is simply the g- image of f (x), where f(x)

is f - image of elements x € A. fog does not exist here

because range of g is not a subset of domain of f.

Properties of composite functions :

(a) Ifboth fand g are one- one, then gof is also one -one.

(b) If both fand g are onto, then gof is also onto.

(c) If gofis one-one, then fis one-one but g may not be
one-one.

(d) If gofis onto, then g is onto but f may not be onto.

(e) Iffand g are bijective, then gof'is also bijective.

(f) Ifmay happen that gof may exist and fog may not exist.
Moreover, even if both gof and fog exist, they may not
be equal.

Example 7 :

Sol.

Iff:R—>R,f(x)=2x+3andg:R—>R,g(x)=x2+1, then
find the value of gof (x).

gof(\)=g (f(0} ; f(x)=2x+3

g{f(X)} =g (2x+3)=(2x+3)2+1=4x2+9+12x+1

gof (x)=4x%+12x+10

INVERSE FUNCTION

(i)

(iii)

Let f: X = Y be a function defined by y = f (x) such that f
is both one-one and onto, then there exists a unique func-
tiong: Y — X such that foreachy € Y, g(y) =x & y={(x).
The function g so defined is called the inverse of f.
Further, if g is the inverse of f, then f'is the inverse of g and
the two functions f and g are said to be the inverse of each
other. For the inverse of a function to exist, the function
must be one-one and onto.

Some standard functions given below along with their
inverse functions
Function
f:[0,0)—[0,x)

defined by f(x) = x>

. _rr
f: ) - [-1,1] f='[-1,1] - 25
defined by f(x) =sin x defined by 1 (x)=sin"! x
f:10,%n] —>[-1,1} £1[-1,1] > [0, n]
defined by f(x) = cosx defined by ! (x) = cos'x
For the existence of inverse function, it should be one -one
onto.

Inverse Function
f=1:10, %) — [0, )

defined by £~ (x) = v/x

Properties of Inverse function :

Let f:X—>Yandg: Y >Z

(a) Inverse of a bijection is also a bijection function.

(b) Inverse of a bijection is unique.

(© (Fhy '=f

(d) If fand g are two bijections such that (gof) exists then
(gof) 1 =f"1og!

(e) Inverse of an even function is not defined.

() Ingeneral fog (x) and gof (x) are not equal. But if f &g
are inverse of each other, then gof = fog.
fog (x) and gof (x) can be equal even if f and g are not
inverses of each other. e.g. f(x) =x+1,g (x) =x +2.
However if fog (x) = gof (x) =x, then g (x) =1 (x)

(g) Iff(x)and g (x) are inverse function of each other, then

P 2®
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Example 8 :
Iff:R >R, f(x)=2x+3 then ! (x)
Sol. Since fis a bijection therefore its inverse mapping exists
andy=2x+3=>x=2y+3
x—3
2

_x-3
2

=y sl =

Example9:
Iff: R — R, f(x)=x3+2 then find ! (x)
Sol. f(x)=x3+2,xeR
Since this is a one-one onto function therefore inverse of
this function (f 1) exists.
Letf ! (x)=y
Lx=f(y)=>x=y3+2 = y=(x-2)13
L lx)=x-2)13

Example 10 :
Iff:Q—Q,f(x)=2x;g:Q— Q, g(x)=x+2, then (fog) !
(20) equals
Sol. .. f1(x)=x2,g7 ' (x)=x-2
< (fog) 1 (20)=(g " of 1) (20)
=g 11 20)]=g 1 (10) =10-2=8

TRYITYOURSELF-2
Q.1 Find the type of the function f: R — R, f(x) = x>
x—2
x-3
The function f: [2, 00) — y defined by f(x) =xZ —4x + 5 is
both one-one and onto if

Q.2 Find out the type ofthe functionf: R — R— {1}, f(x)=
Q3

(A)y=R B)y=[1,0)
©) y=[4,o0] D) y=I[5, ]
Q.4 A function f : A — B, such that set “A” contains five
element and “B” contains four elements then find
(i) Total number of functions
(i) Number of one-one functions
(iif) Number of onto functions
(iv) Number of many one functions
(v) Number of into functions
Q5 Iff(x)+2f(1-x)=x2+2V x R, find f(x)
Q.6 Let f(x) and g (x) be functions which take integers as
arguments let f(x +y) =f(x) + g (y) + 8 for all integer x &
y. Let f (x) =x for all negative integers x let g (8) =17, find
£(0).
Q.7 Let f (x)=+/x,g(x)=+2-x find the domain of
) (fog) (x) (ii) (g0g) (%)
Q.8 Find the inverse of the following bijective function
X
O fx)=3x-5 (@)f:R—>(0,1),fx)= oo
Q.9 Iff:R — Risdefined by f(x) =x> + 1, then find value of

£1(28).

ANSWERS
(1) many one function. (2) one-one, onto (3) (B)
(4) (i) 4° (ii) not possible (iii) 240, (iv) 1024 (v) 784

2
G f="—""" +32X_1 ©)17
(7 (Dxe(0,2], (i) 2<x<4
8) (i)~ (i log (L] 9) 3
@) 3 (i) loea| = )

BINARY OPERATION

(i)

Let S be a non-void set. A function defined from S x Sto S
is known as a binary operation on S. In other words a
binary operation on the set S is a rule or a law which gives
for any ordered pair (a, b) of elements of S, a unique element
of S. Generally, a binary operation is devoted by * or o or
by @ symbols.

Under the operation *, the element associated with the
element (a, b) € S x S is denoted as a * b.

Types of binary operations :

Commutative operations : Let S be a non-void set and let
* be a binary operation defined on S. Ifa, b € S, then we
know that (a, b) # (b, a) unless a = b. Therefore it is not
necessary that the image of (a, b) and (b, a) under the
operation * are equal. In other words, it is not necessary
that a*b=b*a, v a,b e S then the binary operation
* is said to be commutative on S.

A binary operation * defined on a set S is said to be
commutative ifa*b=b *a, v a,b e S.

Associative operation :

Let * be a binary operation, defined on a set S.

Let a, b, ¢ €8S. Let us consider the expression a * b * c.
Since the binary operation * can operate only on two
elements at a time and we have three elements. Therefore,
we should consider either a * (b * ¢) or (a * b) * c.

It is not necessary that a * (b * ¢) = (a * b) * c is always
v a,b,ceS.

Ifa*(Mb*c)=(*b)*c v a,b,c €S then the binary
operation * is said to be associative.

A binary operation *, defined on a set S is said to be
associative if a*(b*c)=(a*b)*c v a,b,ceS.

Identity element for an operation :
Let S be a non void set on which a binary operation * is
defined. If there exists an element e in S such that

e, *a=avy aces,
then ¢ is called a left identity in S with respect the operation
*. Similarly, if there exists an element e, in S, such that
a*e,=a, v ace S, thene, is called a right identity in S
with respect to the operation *.
This element is generally denoted as e. Hence, if there
exist an element e in the set S such thate *a=a*e=a, v
a € S, then e is called the identity element in S for the
operation.

6
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Theorem : The identity element for a binary operation, if
it exists, is unique.

Proof : Let * be a binary operation on a set S. If possible,
let e and e' be two identities in S.

thene*e'=¢' .......... (1) [-. eisidentityin Sande' € S]
Again,e*e'=e .......... (2)[- e'isidentityinSand e € S]
From (1) and (2), e=¢e'

Inverse on an element : Let * be a binary operation on S
and let e be the identity in S. let a € S. If there exists an
element b in S, such thata * b=">b *a= e, then b is called the
inverse of a and it is denoted by a~!.

If an element a of S has its inverse in S, then a is said to be
an invertible element. Hence a is invertible <>a!e S
Note : Let e be the identity element in S for a binary
operation *. Then e*e = e*e = e. Hence, the identity
element in a set, if it exists, is invertible and is own inverse.

Example 11 :
Show that subtraction and division are not binary
operations on N.

Sol. N XN — N, given by (a, b) - a—b, is not binary operation,
as the image of (3, 5) under ‘" is 3—5=-2 ¢ N.
Similarly, + : N x N — N, given by (a,b) > a~+bisnota
binary operation, as the image of (3, 5) under + is
3+5=3/5¢N

Example 12:

Show thatthe v : R xR — R given by (a, b) - max {a, b}
and the A : R X R — R given by (a, b) —» min {a, b} are
binary operations.

Sol. Since v/ carries each pair (a, b) in R X R to a unique element
namely maximum of a and b lying in R, \/ is a binary
operation. Using the similar argument, one can say that A
is also a binary operation.

Example 13 :

Show that addition and multiplication are associative binary
operation on R. But subtraction is not associative on R.
Division is not associative on R.

Sol. Addition and multiplication are associative, since

(atb)+c=a+(b+c)

and (axb)xc=ax(bxc) yab,ceR.

However, subtraction and division are not associative, as
(8-5)-3 #8—-(5-3) and(8+5)+3#8+(5+3).

TRYITYOURSELF-3
For Q.1-Q.3 : Let * be a binary operation, then, find
Q.1 6*(-5)ifa*b=a2+b%abeZ
Q.2 9*2ifa*b=a%b3,a,beN
Q3 (1.5 *(3.4)ifa*b=a%b,a,beR
Q4 Ifa*b=4a+3b,finda*bandb*a,ifa=9andb=2. Is
this binary operation commutative ?
Let * be a binary operation on N, the set of natural numbers,
defined by a * b=ab forall a, b € N.
Is * associative or commutative on N.

Q5

ANSWERS
(1) ol (2)648 (3)7.65 (4) not commutative
(5) neither commutative nor associative

ADDITIONAL EXAMPLES

Example1:

Let arelation R on the set R of real numbers be defined as
(a,b) e Ry < 1 +ab>0 forall a,b € R. Show that R, is
reflexive and symmetric but not transitive.

We observe the following properties :

Reflexivity : Let a be an arbitrary element of R. Then
aeR:1-ira.a:l-l-az>0:(a,a)eR1

Thus (a,a) € R, foralla € R. So R is reflexive on R.
Symmetry : Let (a,b) € R. Then

(a,b)eR; = 1+ab>0 = 1+ba>0 = (b,a) e R,
Thus (a,b) e R; = (b,a) e R, foralla,b e R

So R, is symmetric on R

Transitive : We observe that (1, 1/2) e R; & (1/2,-1) e R,

but (1,-1) € R because 1 + 1 x (=1)=0%0.
So R, is not transitive on R.

Sol.

Example2:
Isg={(1,1),(2,3), @3, 5), (4, 7)} a function ? If this is
described by the formula g (x) = ax + B, then what values
should be assigned to o and f§ ?

Sol. Asa=2,=-1; DomainA={1,2,3,4}
RangeB={1,3,5,7}
Every element of domain has a unique image in B and hence
gisafunction. Nowg(x)=ax+pBbutg(2)=3,g(3)=5
S2=2a+B and5=3a+B; a=2,=-1

Example3:
2
ox“+6x—-8
Letf:R —»R.f(x)= ————— . Find the value of a for
o+ 6x —8x
f (x) to be onto.
ox? +6x -8
Sol. —
o+ 6x —8x

= (a+8y)x2+6(1—-y)x—(ay+8)=0
According to condition, y takes all real values for all real
X,

ie,D>0 Yy € R

= 36(1-y)>2?+4(ay+8)(a+8y)>0 Vy €R
= (9+8a)y*+(a?+46)y+(9+80)>0 Vy €R
i.e., D <0and coefficient of y2 >0

= (02+46)2<4(9+8a)?and 9+8u>0

= o?-16a+28<0and a>-9/8

= 2<a<l4and a>-9/8

Hence, o € [2, 14]

7
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Example4:
Prove that the inverse of the function
eX—e ¥ [x— ]1/2
f(x)=———+2 is gi log,| ——
(x) e X is given by 10g, 3«
y=2_¢-e®
Sol. | 1o
Applvi d dividend y-1 2¢* e2x
ing comp. and dividendo, ———=—"_-=
pplying p 3oy 2o X
(y 1\1/2
= —10g
L3 J L3 yJ
Hence, the inverse of the function
eX _g X 1 1/2
f(x)=——+2is 1| [X—)
et +e™ %83 %
Example5:

Show f: R — R defined by f (x) =x2 +x \/ x € R many-one

y:x2+x

Sol. By graph:

Graph of function f (x) = x% +x is cut by straight line parallel
to x-axis at 2 points so f (x) =x2 + x is many-one.
By calculus : f(x)=x2+x ; f'(x)=2x+1

1 1
where f' (x)>01fx>—— f' (X)<01fX<—5

Not monotonic, thus function is many-one.

Example6:
Let f: X — Y be a function such that

f(C)={f(x):x eC}, Cc X and

fD)={f"'(x):x eD}, Dc Y, then

(A) f7(f(A)=A only if AcD

B) f(f"!(B))=B onlyif BcD

© ff (A=A

D) f(t7'(B) =B

(B). Given that X and Y are two setsand f: X —> Y.
{fo)=y;ccX,ycY}andf!(d)=x;dcY,xcX}
The pictorial representation of given information is
as shown :

Sol.

X Y

O O

d

f(a)

Since 1 (d)=x = f(x)=d
Nowifacx=f(a)cf(x)=d
= ff]=

1 (f(a)) =a, a — x is the correct option.

Example7:
Let f(x)=x% and g (x)=sinx forall x € R. Then the set ofall

x satisfying (fo go g o f) (x) =(go gof) (x), where
(fog)(x)=f(g(x),is—

(A) +nm,n €{0,1,2,....}
(B) +nm,n e{l,2,.....}

©) §+ 207,10 € {ory=2,-1,0,1,2,.....}
(D) 2nm,n €4....,-2,-1,0,1,2,.....}
Sol.  (A).f(x)=x%; g (x)=sinx
gof (x) = sin x?
= gogof (x) =sin (sin x2)
= (fogogof) (x) = (sin (sin x2 ))? = sin? (sin x2)
Now, sin? (sin x2) = sin (sin x2)
= sin(sinx?)=0, 1
P T
= sinx“=nm, (4n+ 1) 2 ;nel
= sinx’=0= x*=nn= x:ix/a;n eW
Example 8 :
Iff:Q—->Q,fx)=2x;g:Q—>Q,g(x)=x+2, then
(fog)~! (20) equals
Sol. .~ flx)=x2,g7'(x)=x-2
- (fog) 1 20)=(g T of 1) 20)=g '[! (20)]
=g 1(10)=10-2=8
Example9:
Consider the binary operation * : Q x Q — Q which is
defined bya*b=a+b—ab, foralla,b €Q
(1 Find the identity element with respect to * on Q.
(i) Do any of the elements in Q have an inverse and
what is it ?
Sol. (i) Let e be the identity element in Q with respect to *

on Q. Then, foralla € Q, we musthavea*e=e¢*a
=a
But, * is commutative therefore, a *e=¢ * a.
But,a*e=a >ate—ae=a —=e—ae=0

= e(l-a)=0=e=0,ifl—a=0(ora=1),
foreveryae Q- {1}
Hence, 0 is the identity element.

(i) Since, 0 is the identity element, therefore for a to
have an inverse b, we must have a*b=10
Now, a*b=0 = a+tb—ab=0

— a-bla-1)=0=a=b(a-1)= b=ﬁ.

Thus, if a # 1, then a has an inverse and it is il
a [—

-




(RELATIONS AND FUNCTIONS )

QUESTION BANK

SOAL

ODM ADVANCED LEARNING

QUESTION BANK

CHAPTER 1 : RELATIONS AND FUNCTIONS (CLASS XlI)

EXERCISE - 1 [LEVEL-1]

Q.1

Q2

Q3

Q4

Q5

Q.6

Q.7

QS8

Q.9

Q.10

Q.11

Q.12

PART-1- RELATIONS
Let R be an equivalence relation defined on a set
containing 6 elements. The minimum number of ordered
pairs that R should contain is —
(A)12 B)6
(©)64 (D)36
Let R be the relation on the set N of natural numbers
defined byR: {(x,y)} :x+3y=12 x € N,y € N} Find R
(A){(8,1),(6,2),(3,3)} B) {9, 1),(4,2),3,3)}
(©) {09, 1),(6,2),3,3)} D) {(7,1),(6,2),(2,2)}

In the above question, find Domain of R

(A) {9,6,3} ®) {9.5,3}
(© {6,4,3} D) {8,1,3}
In the above question, find Range of R

(A) {9,6,3} ®){9.5,3}
(© {6,4,3} D) {1,2,3}

LetA= {1, 2, 3}, the total number of distinct relations that
can be defined over A is —

(a)2° B)6

©)8 (D) None

If the number of elements in A is m and number of element
in B is n then find number of relation defined from A to B
( A) omn (B) pm+n

(C)2m—n (D) om/n

LetA= {1, 2, 3}. Then number of relations containing
(1,2)and (1, 3) which are reflexive and symmetric but not
transitive is —

A1 B)2

©3 (D)4

Let A= {1, 2, 3}. Then number of equivalence relations
containing (1, 2) is

A1 B)2

©3 (D)4

For n, m € N, nm means that n is a factor of m, the relation
(A) Reflexive and symmetric

(B) Transitive and symmetric

(C) Reflexive, transitive and symmetric

(D) Reflexive, transitive but not symmetric

Forx,y € R,xRy=x-y+ /7 isanirrational numher,

then R is —

(A) An equivalence relation

(B) Reflexive and symmetric only

(C) Symmetric and transitive only

(D) Reflexive

Let R be the relation in the set {1, 2, 3, 4} given by
R={(1,2),(2,2),(1,1),(4,4),(1,3),(3,3),(3,2)}.
(A) R is reflexive and symmetric but not transitive
(B) R is reflexive and transitive but not symmetric.
(C) R is symmetric and transitive but not reflexive.
(D) R is an equivalence relation.

Let R be the relation in the set N given by
R={(a,b):a=b-2,b>6}.

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

(A)(2,4) eR B)(3,8) R

(©)(6,8) R D)(8,7) eR
LetRbearelationR : A—> Band R : A—> B where
A={1,2,3,4},B={1,3,5} definedbyR= {(x,y) : x<y
x € A,y € B} then ROR lis—

(A)(1,1),(3,3) B)(3,5),(5,5),(3,3),(5,3)
(©)(2,3),(2,5),(3,3),(3,5) (D)(1,1),(2,2),(3,3),(4,4)

PART-2 - FUNCTIONS
Which of the following is a function?
(A) {(2,1),(22),(2.3), 24} (B) {(1.4),(2,5),(1,6),(3.9)}
(©{(1,2),3.3),2.3), (1.4} (D) {(1.2),(2,2),(3,2),(4.2)}

Iff(x)= X 1 , then f(y) equals
x-1 vy

(A)x (B)x-1

©)x+1 D)1-x

Iff:R* > RT, fix)=x2+2and g:R">RT, g(x)= /x + |
then (f+ g) (x) equals

(A) Jx? +3 B)x+3
©) Vx2+2+(x+1) D)x? +2+J(x+1)

Find fog if f (x) = 8x> and g(x) =x!/3

(A)x B)x!3

(C)8x? (D) 8x

Let f: R — R be defined as f (x) =x*.

(A) fis one—one onto

(B) f'is many—one onto

(C) f is one—one but not onto

(D) f is neither one—one nor onto.

Let f: R > R be defined as f (x) = 3x.

(A) fis one—one onto

(B) f'is many—one onto

(C) f is one—one but not onto

(D) f is neither one—one nor onto.

Iff: R — Ris defined by f(x) = 2x + 3, then f ! (x)
(A) does not exist because f is not surjective

o x—-3 o
(B) is given by > (C) is given by 13
(D) None of these
PART-3 - BINARY OPERATI

In P (X), the power set of a nonempty set X, an binary
operation * is defined by

A*BAUB Y A,B € P(X). Under *, a true statement is—
(A) identity law is not satisfied

(B) inverse law is not satisfied

(C) commutative law is not satisfied

(D) associative law is not satisfied

[+
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Q.22 On the set of all nonzero reals, an operation * is defined

as a * b =3ab/2. In this group, a solution of

Q*x)*3 1=41js—

(A)372 B)1/6

©1 D)6

Number of binary operations on the set {a, b} are

(A)10 B)16

(©)20 (D)8

Consider a binary operation * on N defined as

a*b=a’+b

(A) both associative and commutative

(B) commutative but not associative

(C) associative but not commutative

(D) neither commutative nor associative

Choose the correct statement —

(i) For each binary operation * On Z*, define a * b =220
* is commutative

(i) For each binary operation * On Z*, define a * b =220
* is not commutative

(iii) For each binary operation * On Z*, define a * b =220
* is associative.

(iv) For each binary operation * On Z*, define a * b =220
* is not associative.

(A)iiandiv (B)iandiii

O)i,iv (D)iiand iii

Choose the correct statement for binary operation *

Q.23
Q.31

Q.24

Q.32

Q.25

Q.33

Q.34

Q.26
ab
(1 *OnQ,definea*b= EX * is commutative

Q.35

ab

(i) *OnQ, definea *b= EX * {s not commutative
al

(ii)) * On Q, definea *b= > * is associative.

(iv) *On Q, definea * b = % * is not associative.
(A)iiandiv (B)iandiii
©O)i,iv (D) iiand iii

Q.36

PART-4 - MISCELILANEOUS

Iff(x)=cos (4n{x}) + sin (4 {x}) where {x} denotes the
fractional part of x then which of the following is true —
(A) f(x) is non-periodic (B) period of f (x) is 1/2
(C)period of f(x) is 1 (D) period of f (x) is 2
Let f be a function with domain [-3, 5] and let
g (x)=|3x+4|, Then the domain of (fog) (x) is
(A)(-3,1/3) (B)[-3,1/3]
(O)[-3,1/3) (D) none of these
Which of the following relation is a function -
(A) {(a,b) (b, ) (¢, e) (b, x)}
(B) {(a,d) (a,m) (b, ¢) (a,b)}
(©) {(a,d) (b, ) (c,d) (e, x)}
(D) {(a, d) (b, m) (b, y) (d, )}

Let f: {—g, z?n} — [0, 4] be a function defined as

Q.27

Q.28

Q.29
Q.37

Q.30 Q.38

f(x)= V3sinx —cosx +2 Then f-1(x) is given by

sin”! (X—_Z] I sin”! (x_—2] +E
(A) > 6 (B) 2 6

2n +cos! (—X _ 2]
© 3 2
The period of the function, f(x)=[sin3x]+ | cos 6x | ,

(where [.] denotes the greatest integer less than or equal
to x), is

(D) none of these

(A) n (B) 27/3

(©)2n (D) 2

Which of the following function is surjective but not
injective

(A)f:R—>R f(x) =x*+2x3-x2+1
(B) f:R—>R f(x) =x3+x+1

(C) f:R—>R* f(x) = /14 x>

(D) f:R—>R f(x) =x>+2x2—x+1

If f(x)=2x3+7x—5 then f1(4)is
(A)equalto 1 (B) equal to 2
(C)equalto 1/3 (D) non existent

_10l X llog,( x] [ X ] ;
If F(x) = (x IOLO} ).10 +F [10} , if x#0
0 ,ifx=0

where [ x | stands for the greatest integer not exceeding
'x 'then F(7752) =
(A)2222

(C)7752

The range of the function

(B) 7777
(D)2577

2
e*Inx S* D (x%-7x+10)

f(x) = is
= 2x% —11x +12
(A) (=00, 0) (B)[0,0)
(©)(3/2,0) D) (3/2,4)
2/3
(2sinx+sin2x 1—cosx ) R
Let f(x)= L2005x+sin2x "1-sinx s X8
Consider the following statements
(I) Domain of f isR (I) Range of f isR

(IIT) Domain of fisR—(4n+1) w2, nel

(IV) Domainof fisR—(4n—1)m/2, nel

Which of the following is correct?

(A) () and (1) (B) (IT) and (I11)

(C) () and (IV) (D) (1), (I11) and (IV)

Range of the function f(x) = . is
cos{sin (sinx +cosx)}
(A) [-1,1]-1{0}

© (0, 1]
The range of the function,

(B) (=0, =1]V[l, )
(D) [1,0)

f(x)=cot ! logy s (x* —2x% +3) is:

£
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(A) (O, m) B) (0, T} ©) Q[Znn + ?,(2n + l)n}
3 3 (D) None of these
© [T, TC) (D) {E, T} X rx
Q.47 Letf(x)= T x and let g (x)= T_x- Let S be the set of

Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

Q.45

Q.46

The solution set for [x] {x} = 1 where {x} and [x] are
fractional part & integral part of x, is
(A)R"=(0,1) (B)R" {1}

1 1
(C) {m+;/m eI—{O}} (D) {m+;/m eN—{l}}

If f[2x+%, Zx—%) = xy , then f(m, n) + f(n, m) =0 is

possible
(A) only whenm=n
(C) only whenm=—-n

(B) only when m#n
(D) for allmand n

The domain of f (x) = ecos’l(log4 x?) is
1 1 1 1
w2 e
1 1
©|2-333]

If 3f (x) — £ (1/x)=log x*, then f (¢ ¥) is

(D) none of these

(A) 1+x B)1/x

©Ox D)—x

Period of sin 2 \/x+1 is—

(A)2=n B)n

C©)n/2 (D) None of these

Which of the function defined below is one—one
(A)f: (0, 0) > R, f(x)=x2—4x+3
(B) £:[0, ©)—R,f(x)=x2+4x-5

1
(C)f:R—>R,f(x):ex+e—x

(D)f:R->R, f(x)=(n(x> +x+1)

If log;/, (x2 -5x+ 7) >0, then exhaustive range of
values of x is
(A) (=0, 2)U(3, ») B)(2.3)

(©) (=00, 1) U(1, 2)U(2, ) (D) None of these

If f(x) is defined on domain [0, 1] then f(2 sinx) is defined
on

(A) U{|:2nrc,2nn + ﬂU |:2n7'r + %“,(211 + 1)@}

nel

(B) U{Znn, 2nm + g}

nel

Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

all real numbers r such that f(g(x)) = g (f(x)) for infinitely
many real number x. The number of elements in set S is

(A1 B)2

©)3 D)5
Iff(x)=(a- xn)l/ 0 then f[f (x)] equals to
( A) Xl/n (B) X0
(Ca-x Dy)x

The range of the function £ (x) = \/3x2 _4x +5 18

o e
o) el

The domain of definition of the function y (x) given by
the equation sec 2y =2*(2*—2) -3 is

(A) [log, (1++/5),0)
(B) [-log, (1++/5),log, (1++/5)]
(C) (—o0,—log, 5]

D) [-2,2]
n[x] .
The range of f (x) = cos is
(A) {0, 1} B){-1,1}
(©) 1,0, 1} D)[-1.1]

The polynomial function f (x) satisfies the equation
f(x) - f(x—2)=(2x— 1)2 for all x. If p and q are the
coefficient of x2 and x respectively in f(x), then p + q is

equal to —
(A)0 (B)5/6
(©)4/3 D)1

2—-|x|
Iff(x)=cos! (T] +[log (3—x)I"!, then its domain

is

(A)[-2,6] (B)[-6,2)V(2,3)
©[-6,2] (D) [-2,2)V)(2, 3]
The solution set of the equation

tan~! XX+ +sin”! \sz +x+1 zg is

(A)(=1,0) (B)[-1,0]
(©) {-1,0} (D) none of these

B
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Q.55

Q.56

Q.57

Q.58

The graph of the function f is shown below
Q.59

Q.60

Number of solutions of the equation f (f (x)) = 6, is—
(A)3 (B)4

©)5 D)6

If f is an even function and g is an odd function, then the
function fog is

(A) an even function
(C) neither even nor odd

1=1x|
The domain of the function f (x) = m is

(A) (—o0, =1)U(1, =) B) (—0, —2)U(2, =)

Q.61

(B) an odd function
(D) a periodic function

Q.62

Q.63
©) (-2, -1]u], 2) (D) none of these

2
(c0571 (Bx-1 \
The range of the function y = Lf + IJ is—

(B)[0, ]
(D) [0, 7]

(A)[1,4]
© 1,7

X; when x is rational
1—x; when x is irrational

Iff(x)= {

then fof (x) is given as

A1 B)x
O)1+x (D) None of these

Iff: R~ —[l, ) is defined by f (x) =x2+ 1, the value of
£1(17) and £! (3) are respectively.

(A) +4, £42 (B) 4,42
©) —4,\2 (D) —4, =2
X2
If the function f: R — A given by f (x) = — 0 isa
X“+
surjection, then A is
(AR B)[0,1)
(©(0,1] D)[0,1]
I£f(x) = — . then domain of ! (x) is
I+x
(AR (B)R— {1}
(C) (o0, —1) (D) (-1,0)
The function f: R > R, defined by f (x)=[x], ¥ x € R, is
(A) one-one
(B) onto

(C) Both one-one and onto
(D) neither one-one nor onto

EXERCISE - 2 [LEVEL-2]

Q.1

Q2

Q3

Q4

LetA=Z v {n}. Risarelation on A defined byaR b if
atbeZ thenRis—

(A) reflexive (B) symmetric

(C) equivalence relation (D) None of these
LetR={(1,3),(2,4),(4,2),(2,3),(3, 1)} bearelation on
the set A= {1,2,3,4}. Therelation R is—

(A) a function (B) Transitive

(C) Not symmetric (D) Reflexive

IfX = {x}, Xy, X3} and y = (X, X5, X3,X4,Xs } then find which Q.6
is areflexive relation of the following :

(DR A X)), (X9, X9), (X3, X3)

@) Ry %9, (X9, %)

B Ry 1 {(x15 X)), (X95 X9)s(X35 X3)s(X 5 X3)5(X95 X4)

Q5

DRy {(x,x), (X9, X5),(X3, X3),(X4, X4) Q.7
(A) 1,2 and 3 are correct (B) 1 and 2 are correct

(C)2 and 4 are correct (D) 1 and 3 are correct
Ifx=1{a,b,c}andy={a, b, c,d, e, f} then find which of

the following relation is symmetric relation: Q.8

(DR :{}ie. voidrelation

(2R, {(a,b)}

(3)R5:{(a,b), (b,a)(a, c)(c, a)(a, a)}

(4) Every null relation is a asymmetric and transitive
relation.

(A) 1,2 and 3 are correct (B) 1 and 2 are correct
(C)2 and 4 are correct (D) 1 and 3 are correct
Ifx={a,b,c} and y=(a, b, c, d, e} then which of the
following are transitive relation.

(DR ={} (2)Ry={(a,2)}

)Ry ={(a,a}.(c,d)} (4R, ={(a,b), (b, c)(a, c)
(A) 1,2 and 3 are correct (B) 1 and 2 are correct
(C)2 and 4 are correct (D) 1 and 3 are correct
f(x)=[x]2+[x+ 1]—3, where [x] = the greatest integer <x.
(A) f (x) is a many-one and into function

(B) £ (x) = 0 for infinite number of values of x

(C) £ (x) =0 for only two real values

(D) Both (A) and (B)

Set of all values of p for which the function f (x) = px+sinx
is bijective is

(A)[-2,0) (B) (=o0,—1]U[1, )

(C) (—o0, 2] U [2/3, ) (D) [-2,2/3]
f(x)=|x—1],f:R* >Randg(x)=e%,g:[-1,00) > R.If
the function fog (x) is defined, then its domain and range
respectively are —

(A) (0, 0) and [0, 0) (B) [-1, %) and [0, 0)

! 1
(C)[-1,0)and [1_?00) (D) [-1, ) and {E—l,w)

12
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Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Let S be the set of all triangles and R™ be the set of Q.19 Choose the correct statement for Signum function

positive real numbers. Then the function, f: S — R™,

f (A) = area of the A, where A € Sis —

(A) injective but not surjective

(B) surjective but not injective

(C) injective as well as surjective

(D) neither injective nor surjective

Iff: (0, 0) — (0, o) satisfy f (x f (y)) =x%y? (a € R), then
find the value of a.
(A4

©3

B)1
(D)2

x|x|-4, xe€Q
Iff:R>R,f(x)= x|x\—\/§ XEQ,thenf(x)is—

(A) one to one and onto (B) many to one and onto
(C) one to one and into (D) many to one and into
Iff: R —> Rand f (x) =ax +sin x + a, then —

(A) f(x) is one—one onto function if 3 € R

(B) f(x) is one—one onto function if a eR —[-1, 1]

(C) f(x) is one—one onto function if a € R — {0}

(D) f (x) is one—one onto function if a e R —{-1}

The function f (x) = sec [log (x +V1+x2)] is
(A) even (B) odd

(C) constant (D) none of these
The function f :[2, w0) — (0, o) defined by

f(x)=x2—4x +a, then the set of values of a’ for which f(x)
becomes onto is

(A) (4,0) (B)[4,)

© {4} D)o

A functionf:R — R, f(x)= 2X2 is
1+x

(A) injective but not surjective
(B) surjective but not injective
(C) injective as well as surjective
(D) neither injective nor surjective

Let f:R>R f(x)= .Then f(x) is:

1+ |x|
(A) injective but not surjective
(B) surjective but not injective
(C) injective as well as surjective

(D) neither injective nor surjective .

Iff: R —> R : where f(x) = ax + cos x. If  (x) is bijective then
(A)aeR (B)aeR"

(C)aeR™ (D)aeR-(-1,1)
Choose the correct statement —

(A) f:N — N given by f(x) = x2: fis injective function
(B) f: Z — Z given by f(x) =x2: fis injective function
(C) f:N — N given by f(x) =x2: fis surjective function
(D) f: Z — Z given by f(x) =x2: fis surjective function

Q.20

Q21

Q.22

_ 1 ifx>0
f:R—>Rgivenby f(x)=:0 if x=0
-1if x <0

(A) fis one—one function.

(B) fis onto function.

(C) fis one—one function as well as onto function.

(D) f is neither one—one nor onto function

Choose the correct statement for f: N — N be defined by

n+l

,if n is odd

f(n)= foralln € N.

E ,if n is even

(A) fis one—one function.

(B) fis bijective

(C) fis not one—one, not bijective.
(D) fis one—one, not bijective.

_of®)

Consider areal valued function f (x) such that =X.

1+ef®

The value of a and b for which f(a) + f(b) = [la g tt)))
+ al

is satisfied are —

(A)ae(—mo,1),beR B)ae(-x,1),be(-1,x)
Qae(L1),be[-1,1) (D)ae(-1,1),be(-1,1)
Suppose f (x) = (x + 1)? for x > —1. If g () is a function
whose graph is the reflection of the graph of f (x) in the
line y=x, then g (x) =

1
S

>-—1

B) —/x -1

(©) Vx +1 (D) Vx -1

Directions : Assertion-Reason type questions.

Q.23

Q.24

Q.25

This question contains Statement-1 and Statement-2. Of

the four choices given after the statements, choose the

one that best describes the two statements.

(A) Statement- 1 is True, Statement-2 is True, Statement2
is a correct explanation for Statement -1

(B) Statement -1 is True, Statement -2 is True; Statement2
is NOT a correct explanation for Statement - 1

(C) Statement - 1 is True, Statement- 2 is False

(D) Statement -1 is False, Statement -2 is True

Statement 1: Let : R—{1,2,3} — R be a function defined

by f(x)= i + é + é . Then f'is many-one function.
Statement 2 : Ifeither ' (x) >0 or ' (x) <0, }/ x € domain
of f, then y = f (x) is one-one function.

Statement 1 : RelationR = {1, 1),(2,2), (3, 3)} isareflexive
relationonsetA= {1, 2,3}

Statement 2 : Every identity relation is a reflexive relation.
Statement 1 : The inverse of a strictly increasing
exponential function is a logarithmic function that is
strictly decreasing.

Statement 2 : In x is inverse of e*-

=
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Passage 1- (Q.26-Q.28)

Q.26

Q.27

Q.28

k (x) is a function such that k (f (x)) =a + b + ¢ + d where

0, if f(x)is even
a=4—1,if f(x)is odd
2,if f(x) is neither even nor odd

p = [3.if £ (x) is periodic
14, if f (x) is aperiodic

c— 5,1f f (x) is one-one
~ |6, if f (x) is many-one

d= 7,if f(x) is onto
18, if f(x) is into

A= {xz, eX, sinx, | x| } all the functions in set A are defined
fromR toR
B={18,19,16,17}

(e 1 e*+1)

—R,h(x)= Lezx — +1J and
T

(|) : [—E,E) —> R, (|)(X) =tan x

k (¢ (x) is equal to —

(A)15 B)16
©17 (D) 18

k (h (x))is equal to—

(A)15 B)16
©17 (D) 18

Ifk (x) is a function such thatk : A — B, y =k (x), where
X € A,y € Bthenk (x)is—
(A) one-one onto
(C) many-one into

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

Passage 2- (Q.29-Q.30)

()

(i)
(iii)
(iv)

Q.29

Q.30

The graph of a relation is

Symmetric with respect to the x-axis provided that
whenever (a, b) is a point on the graph, so is (a, — b)
Symmetric with respect to the y-axis provided that
whenever (a, b) is a point on the graph, so is (— a, b)
Symmetric with respect to the origin provided that
whenever (a, b) is a point on the graph, so is (— a, — b)
Symmetric with respect to the line y = x, provided that
whenever (a, b) is a point on the graph, so is (b, a)

The graph of the relation x* + y3 = 1 is symmetric with

respect to
(A) the x-axis (B) the y-axis
(C) the origin (D) the line y =x

Suppose R is a relation whose graph is symmetric to
both the x-axis and y-axis, and that the point (1, 2) is on
the graph of R. Which one of the following points is not
necessarily on the graph of R?

(A)(-1,2) ®)(1,-2)

©1,-2) D)@, 1

Passage 3- (Q.31-Q.33)

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

Iff: [0, 2] — [0, 2] is a bijective function defined by
f(x)= ax? +bx + ¢, where a, b, ¢ are non-zero real numbers
then

f(2)is equal to —

(A)2 (B) a where a €(0,2)
©o (D) cannot be determined
Which of the following is one of the roots f (x) =0 —

(A)l/a (B)1/b

© 0) — o+
c a b c

Which of the following is not a value of a —

(A)-1/4 B)12

©)-12 D)1

X Inx . )
f(x)= nx and g (x) = > Then identify the correct

statement —

(A)

! and f(x) are identical functions
g(x

(B) 1 and g (x) are identical functions
f(x)

Ofx.gx)=1 Vx>0

1

D) ) .2(x) =1 vx>0

X

Letf(x)= . Evaluate the sum

9% +3
(e[ 2o (122).
1996 1996 1996
(A)997.5 (B)1997.5
(©)5975 (D)397.5
The domain of the function f (x) = /x _\/]_x2 1S

A —L—LULJ B)[-1,1
(A) N NG B)[-1,1]

ol--3Hi+ ok

IfA>0,c,d,u, vare non-zero constants, and the graphs
of f(x)=|Ax +c|+dand g (x) =—|Ax+u|+Vintersect
exactly at 2 points (1, 4) and (3, 1) then the value of

(u+c)/Aequals
(A)4 B)-4
©2 (D)-2

The set of all real numbers x for which

10004 (10003 (1022002 (1022001 X))) is defined as
{x|x>c}. The value of cis

(A)0 (B) (2001)2002

(C) (20032004 (D) (2001)20022003

—
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Q.39 The range of the function y = 3 sin 715_6_ x? is

ol

ol 4

o5 %)

(D) none of these

Q.40 The domain of definition of

x—1

f(x)= 10go.4(x "y

(A) (- 0,0) ~{- 6}
(© (A, 0)~ {6}

)

1
x> -36

(B)(0,0)~ {1,6}}
(D) [1, ) ~ {6}.

is

Q.41

Q.42

Q.43

QUESTION BANK ODM ADVANCED LEARNING
Domain of the function f(x) = 4/1—4/2 —=/3—x is—
(A)[0,2] B)[-1,1]
O [-1,2] D)[1,2]

—a
Let f: R — R be defined by f(x):;(—_b, where a # b.

Then fis

(A) Injective but not surjective
(B) Surjective but not injective
(C) Bijective

(D) none of these

If 3+~/8)™ +(3-+/8) =34 where [.] denotes GLI.

function, then x satisfies-
(A)[-3,-2]V[2,3) (B) (-3,-2]V[2,3]
O [2,-D)VI[2,3) (D) [-2,-1]V[2,3]

[
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EXERCISE -3 [PREVIOUS YEARS JEE MAIN QUESTIONS]

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

Q8

Q.9

The function f: R — R defined by f (x) = sin x is-

(A) into (B)onto  [AIEEE-2002]
(C) one-one (D) many-one

A function f from the set of natural numbers to integers

nT_l,when n is odd

defined by f(n)=| n . is [AIEEE 2003]
5 when n is even

(A) neither one-one nor onto

(B) one-one but not onto

(C) onto but not one-one

(D) one-one and onto both

Iff: R — S, defined by f(x) =sinx— /3 cosx + 1, is onto,

then the interval of S is- [AIEEE 2004]
(A)[0,3] B)[-1,1]
©10,1] D)[-1,3]

LetR={(1,3),(4,2),(2,4),(2,3),(3, 1)} bearelation on
the setA= {1, 2, 3,4}. The relation R is - [AIEEE-2004]
(A) transitive (B) not symmetric

(C) reflexive (D) a function

Letf: (-1, 1) > B, be a function defined by

X
f (x) = tan”! 7 » then f is both one-one and onto

when B is the interval -

(A) (0,m/2) (B) [0, /2)
(C) [-m/2, /2] (D) (-n/2, ©/2)
LetR={(3,3),(6,6),(9,9),(12,12),(6,12),(3,9), (3, 12),
(3,6)}, berelation on the set A={3, 6,9, 12} .The relation is
(A) reflexive and transitive only [AIEEE-2005]
(B) reflexive only

(C) an equilvalence relation

(D) reflexive and symmetric only

Let W denote the words in the English dictionary. Define
the relation R by :R = {(x,y) € W x W | the words x and
y have at least one letter in common}. Then R is —

(A) reflexive, symmetric and not transitive [AIEEE 2006]
(B) reflexive, symmetric and transitive

(C) reflexive, not symmetric and transitive

(D) not reflexive, symmetric and transitive

Let R be the real line. Consider the following subsets of
theplaneR xR :S={(x,y):y=x+1and 0 <x <2}
T={(x,y) : x—yis an integer}.

Which one of the following is true ? [AIEEE 2008]
(A) Both S and T are equivalence relations on R.

(B) S is an equivalence relation on R but T is not.

(C) T is an equivalence relation on R but S is not.

(D) Neither S nor T is an equivalence relation on R.
Letf: N — Y be a function defined as f(x) =4x + 3 where
Y =|y e N:y=4x+3 forsomex € N|. fis invertible and
its inverse is [AIEEE 2008]

[AIEEE-2005]

y+3

_ _y+3
Mgy =4+, Bew="

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

y-3 3y+4
©ey=",— DegM="3"
For real x, let f(x) =x3 + 5x + 1, then - [AIEEE 2009]

(A) f is one — one but not onto R

(B) fis onto R but not one — one

(C) fis one — one and onto R

(D) fis neither one — one nor onto R

Letf(x)=(x+1)2-1,x>-1

Statement —1 : The set {x : f(x)=f1(x)} = {0,—1}.

Statement — 2 : fis a bijection. [AIEEE 2009]

(A) Statement -1 is true, Statement -2 is true; Statement2
is a correct explanation for Statement -1

(B) Statement -1 is true, Statement -2 is true; Statement 2
is not a correct explanation for Statement -1.

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

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

Consider the following relations:

R = {(x,y) | X, y are real numbers and x = wy for some

rational number w}; [AIEEE 2010]

(m p\ .
S— L—,—J m, n, p and q are integers | Then
nq

such that n, ¢ # 0 and qm = pn

(A) neither R nor S is an equivalence relation.

(B) S is an equivalence relation but R is not an
equivalence relation.

(©) R and S both are equivalence relations.

(D) R is an equivalence relation but S is not an
equivalence relation.

Let R be the set of real numbers. [AIEEE 2011]

Statement-1: A= {(x,y) € RxR:y—xisaninteger} isan

equivalence relation on R.

Statement-2 : B= {(x,y) € R x R:x=ay for some rational

number o} is an equivalence relation on R.

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

(B) Statement-1 is true, Statement-2 is true; Statement-2
is not a correct explanation for Statement-1.

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

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

The function: f:R — [—l, l} defined as f(x) = R ,18
22 1+x°

(A) Surjective but not injective [JEE MAIN 2017]

(B) Neither injective not surjective

(C) Invertible

(D) Injective but not surjective

Let A= {x € R: xisnota positive integer}.

2
Define a functionf: A— Ras f(x) = x_fl then fis

(A) injective but not surjective. [JEE MAIN2019]
(B) not injective.
(C) surjective but not injective.

(D) neither injective nor surjective

[ 16
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HAPTER-1:REIATI F T1

SOLUTIONSTOTRYITYOURSELF

TRYITYOURSELF-1
Let A={1,2,3}, R={(1,2),(2,1)}
Now 1 € Abut(1, 1) ¢ R. So R is not reflexive relation.
(1,2) e Rand (2, 1) € R. So R is symmetric relation.
(1,2) e Rand (2, 1) ¢ Rbut (1, 1) ¢ R. So R is not
transitive relation.
Thus R is symmetric but neither reflexive nor transitive.
R = {(x,y) : x and y have same number of pages}
Now obviously, .. (X, x) € R. So R is reflexive relation.
(X, y) € R= (y, x) € R because number of pages in both
the boxes is same. So R is symmetric relation.
(X,y) € Rand (y, z) € R = (X, z) € R because number of
pages in book x and z is same So R is transitive relation.
So R is reflexive, symmetric and transitive. Thus R is an
equivalence relation.
A={1,2,3,4,5,6}
R={(a,b):b=a+1}={(1,2),(2,3),(3,4),(4,5),(5,6)}
Now 1,2,3,4,5,6 € Abut (1, 1),(2,2),(3,3),(4,4),(5,5),
(6,6) ¢ R. So R is not reflexive relation.
(1,2) e Rbut(2, 1) ¢ R. So R is not symmetric relation.
(3,4) e Rand (4,5) € Rbut(3,5) ¢ R. So R is not transitive
relation.
Thus R is neither reflexive nor symmetric nor transitive.
(C). We know that the ordered pair which satisfy the
equationa=b—2, b > 6 is correct answer.
(A) is not the answer because 4 < 6
(B) does not satisfy the equationa=b — 2
(C) satisfy the equation because 6 =8 —2 and 8 > 6
(D) does not satisfy the equationa=b —2
(B). A={1,2,3,4}
R={(1,2),(2,2),(1,1),(4,4),(1,3),(3,3),(3,2)}.Ris
reflexive because (1, 1), (2,2),(3,3),(4,4) eR.
R is not symmetric because (1,2) € Rbut(2, 1) ¢ R.Ris
transitive because
(3,3),(3,2),(3,2) e R,(1,2),(2,2),(1,2) e R, etc.
(D). Since n divides n, ¥ n € N, R is reflexive. R is not
symmetric since for 3,6 € N,3 R6# 6 R 3. Ris transitive
since for n, m, r whenever n/m and m/r = n/r, i.e., n di-
vides m and m divides r, then n will divide r.
R={(1,1),(2,2),(3,3)}
(i) Notreflexive, symmetric, not transitive

1
la—a|=03% 3 hence it is not reflexive.
Jx? =| x| hence symmetric.

1
Leta=1,b=—1andc=3/2, \a—b|=2>5

5 1
So,a,beR;|b-c|==>—,sob,ceR
2 2
31 1 1
—cl=l1-Z==3%—
But |a—c| ‘ 217373
s0, (a, ¢) ¢ R. Hence, R is not a transitive relation.

(C)

)
@

(€)

(C)

(i) Reflexive, symmetric as well as transitive, hence it is
an equivalence relation.

Since 0 is divisible by n [g = ) so given relation is
reflexive.

If a — b is divisible by n, then (b — a) will also be
divisible by n. Hence, symmetric.

Ifa—b=nl; and b—c=nl,, where I}, I, are integer.
Then,a~c=(a—b)+(b—-c)=n (I, +1,)

So, a — ¢ is also divisible by n, hence transitive.

©

TRYITYOURSELEF-2
cA4zx—4 butf(4)=f(-4)=16
.. fis many one function.
One-one/many-one : Let x;x, € R — {3} are the elements
such that
_ . _ X1 — 2 _ X9y — 2

f(x;)=f(x,):then f(x)=f(x,) = E—E
(x;=2) (%, -3)=(%=2) (x;-3)
X Xy —2%y—3X; +6=XX| —2X| = 3%, +6
= 2%, — 3% == 2% 3%,
X=X LI =T(X) =2 X=X,
f is one-one function
Onto/into : Lety € R— {1} (co-domain)
Then one element x € R — {3} in domain is such that

x—2

f(x):y:>x—_3 =y =>x-2=xy-3y

Uuu Ul

=x= [3;,%12] =xeR-{3}

.. The pre-image of each element of co-domain R — {1}
exists indomain R — {3}.
= f'is onto

B). f(x)=x2—4x+5 y
Minima atx =2
Atx=2,y=4-8+5=1 R

For function to be one-one Ol v X
it should be monotonic.
Hence for x e [2, ), f(x) is increasing.
Atx=2,y=1.Hencey € [1, )
(1) Total number of functions
Hence, number of functions =4 x 4 x 4 x 4 x 4 =45
(i) Number of one-one functions
Since A contains five elements hence one-one
functions is not possible.
(iii) Number of onto functions
Divide 5 elements into 4 groups of size=1, 1, 1,2
Number of ways mapping 4 groups with four images

!
:(S—XL\ x 4!1=240
Ll!l!l! 2! 3!J
(iv) Number of many one functions
All the possible functions are many-one = 4> = 1024.

[18
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(v) Number of into functions = Total number of functions

—number of onto functions = 1024 — 240 =784

fx)+2f(1-x)=x* .. 1)
Replacingx by 1 —x
f(1-x)+2fx)=(1-x)2 ... Q)

Solving eq. (1) and (2), we get 3f(x) =2x2 — (1 —x)?

x2 +2x -1

f(x)= 3

f (x) =x for integers less than zero.
£(-8)=-8; f(x+y)=f(x)+g(y)+8
f(-8+8)=f(-8)+g(8)+8
f(0)=-—8+¢g(8)+8=17

) (fog) ®=f(g(X)=f (2-x)=+42-x

Domain2-x>0;x<2;x € (—0,2]

(i) (gog)(M)=gE(X) =g(2-x)=+2-+2-x

0<V2-x<2=0<2-x<4=-2<x<4
() f(x)=3x—5

+5 xX+5
y=3x-5; X=—y3 :>f’1(x):y:—3

X

i) f: f(x)=
@) f:R—(0,1),f(x) Y

X

y= = y+28y=2%

1+2%

(C)

)

@

(€)

“@

®)

= 2 =L:>x=log2(%}

-y

— X
= f 1<x)=y=log2[—]
l1-x

f128)=x = f(x)=28=x3+1=28=x=3
TRYITYOURSELF-3
We have, a*b=a?+b% abeZ
S 6%(=5)=(6)2+(-5)2=36+25=61€Z
a*b=a%b3 a,beN
5 9%2=(9)2(2)*=(81)(8)=648 ¢ N
a*b=ab, a,beR
5 (1.5)*(3.4)=(1.52(3.4)=(2.25)(3.4)=7.650 € R
We have, a *b=4a+ 3b
Fora=9andb=2,
a*b=4a+3b=4(9)+3(2)=36+6=42
andb*a=4b+3a=4(2)+3(9)=8+27=35
Fromeq. (1) and (2), weget a*b=b*a
Hence, this binary operation is not commutative.
Consider that
2%5=23=32and5*2=52=25 - 2*525%2
So, * is not commutative on N.
Also, 2*(2%3)=2%23=2%8=28=256
and(2*%2)*3=22%3=4%3=43=64
2*¥(2*3)#£(2*2)*3
So, * is not associative on N.

Hence, * is neither commutative nor associative on N.
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@

(€)
“)
®)

(©6)

Y

@®
(C)

(10)

(11

(12)

(13)

CHAPTER-1:
RELATI F
EXERCISE-1
B). IfA={1,2,3,4,5,6}
Then minimum number of ordered pairs in
R={(1,1),(2,2),(3,3),(4,4),(5,5),(6,6)} are 6.
(C). Wehave,x+3y=12=x=12-3y
Puttingy=1, 2, 3, we getx =09, 6, 3 respectively
Fory=4,wegetx=0¢ N.Alsofory>4,x ¢ N
. R={(9,1),(6,2),(3,3)}
(A). DomainofR= {9, 6,3}
(D). Range of R= {1, 2,3}
(A).n(AxA)=n(A).n(A)=32=9.
So the total number of subsets of A x A is 2 and a subset
of A x a is a relation over the set A.
(A). Since n(A) =m; n(B) =nthenn(A x B )J=mn
So number of subsets of A x B =2mn
=n(P(AxB))=2mn

Number of relation defined from A to B =2™"
Any relation which can be defined from set A to set B will
be subset of A x B
-+ A x B is largest possible relation A — B
no. of relation from A — B =no. of subsets of set (Ax B)
(A). A={1,2,3}. We have only one relation containing
(1,2) and (1, 3) which is reflexive and symmetric but not
transitive.
(B). A=11, 2, 3}. We have two equivalence relations
containing (1, 2). So answer is (B).
(D). Since n is a factor of n, so the relation is reflexive.
Ifhowever, n is a factor of m, m is not necessarily a factor
of n. So the relation is not symmetric. On the other hand
n|mandm |/ implyn| ¢, so the relation is transitive.

(D). V x € R,xRxbecausex—x+ /7 = /7 anirrational.
Therefore, R is reflexive
J7 Rlasgives2.f7 — 1 is irrational

but1R /7 as1- /7 + /7 =1isnotan irrational.

TI

Also it can be verified by taking (\/7 ,1) and (1, yNE )eR

but /7R 2/7 that R is not transitive.

B). A={1,2,3,4}
R={(1,2),(2,2),(1, 1), (4,4),(1,3),(3,3), 3,2)}.
Ris reflexive because (1, 1), (2,2),(3,3),(4,4) e R.
R is not symmetric because (1,2) € Rbut (2, 1) ¢ R.
R is transitive because (3, 3), (3,2),(3,2) € R, (1,2),(2,2),
(1,2) e R, etc.
(C). We know that the ordered pair which satisfy the
equation a=b—2, b > 6 is correct answer.
(A) is not the answer because 4 < 6
(B) does not satisfy the equation a=b — 2
(C) satisfy the equation because 6 =8 —2 and 8 > 6
(D) does not satisfy the equationa=b —2
(B).R={(1,3),(1,5),(2,3),(2,5),(3,5), (4, 5)}
R =1{(3,1),(5,1),(3,2),(5,2),(5,3), (5, 4)}
ROR1={(3,3),(3,5),(5,3),(5,5)}

(14

1s)

(16)
a7n
(18)

19

20

(e3)

22

23

249

(D). We know that for a relation to be function every

element of first set should be associated with one and
only one element of second set but elements of first set
can have same f-image in second set which is given in

D).

D). f(y) =— _x=D/x _ x-l

y—1 X_l—l Cx-1-x
X

=1-x

D). (f+g) () =f(x) + g =x*+2+ /x 41

(D). fog (x) = Fg (0] = £ (x3) = 8(x13)3 =8x

(D). Let x41 =2andx,=-2€R
f(x)=x"thenf(x))=f(2)= (2)*=16and
f(x,)=f(-2)=(-2)*=16

- f(xq) =f(x,) but x| # x,. So f'is not one—one function.

Letf(x)=-2 R

then x* = —2, which is not possible because there is no

value of x corresponding to which x* =-2.

so f is not onto function.

Thus f is neither one—one nor onto.

(A). Letx; andx, € R

f(x)=3x then f(x) = 3x; and f(x,) = 3x,

Now, f(x)) =1 (x,) = 3%, =3%x, = X =X,

- f(xq) =f(x,) implies x| =x,. So fis one—one function.

Letf(x)=yeR

3

So f'is onto function.

Thus f is one—one and onto function.

B).f:R—>R;f(s)=2x+3;Letf! (x)=y
x=2y+3=2y=x-3

x—-3

then 3x=y=>x= Y e R. Also, f[%] :3x§:y.

x-3
2
(B). Under the binary operation,
A*B=AUB,VA,BeP(X)
Inverse of A doesn’t exists because A * B # ¢,
for any B € P (X)
Where ¢ is the identity element in P (x)

L )=

y:

479 1
®). 41 =12 ; )=§ GE=2*x=4"1%3
32x 1 1
—=—*333x=—>x=—
= > X X 5

(B). setA={a,b}.

Number of elements in given set = 2
“n(AxA)=2x2=4
Total number of binary operations on
{a,b} =[n(A)" @A =2)*=16
(B).Leta,be N. Now, a*b=a3+b>=b>+a’=b*a
a*b=Db *a. So operation * is commutative.
Leta,b,c € N.
Now, (a*b)*c=(a3+b%) *c=(a3+b%3+¢3
a*(b*c)=a*(b3+c3)=ad+ (b3 +c3)>
L(@a*b)*cza*(b*c)
So operation * is not associative.

4
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25

(26)

@n

2%

29

30

31

(32)

(O).Leta,b e Z" Now, a*b=23b=2ba=p %4
. a*b=b™*a. Sooperation * is commutative.
Let a,b,c e Z".

b
Now, (a *b) *c=(22b) * ¢ = 2(2Px0)

a*(b*c)=a* obe — 2(a><2bc)
(a*b)*c#a*(b*c)
So operation * is not associative.
ab ba
(B). Leta,b € Q.Now,a*b= 727 =b*a
. a*b=b*a. Sooperation* is commutative.
Leta,b,c€Q

b 5 %% abe
Now, (a*b)*c—(a?]* 2 _=*

be
a*(b*c)—a*(?)— 2 :ﬂ

(a*b)*c=a*(b*c)
So operation * is associative.
(B). f(x) =cos (4nx —4n[x]) + sin (4nx —4n[X])
= cos 4nx + sin 4nx
(B). (fog) (x)= f[g ()] = £(3x +4 ).
since the domain of fis [-3, 5] .. =3 <|3x+4|<5
= [3x+4|<5 =-5<3x+4<5
=-9<3x<1=-3<x<1/3.
.. Domain of fog is [-3, 1/3]
(O). Since in (C) each element is associated with unique
element while in (1) element b is associated with two
elements, in (2) element a is associated with three elements
and in (D) element b is associated with two elements so.
(C) is function.
n 2n
@B). f: {_E» ?} =1[0,4], f(x)= V3sinx —cosx +2

_ . (x=2
f(X)—2Sin[x—g)+2 = (f”'(x)) =sin I(XTJ+%

(B). Let  f| (x)=[sin3x]
- Period of f} (x) = 2n/3 (least positive).

2n
Letf, (x)= |cos 6x| .- period of f, (x) = T

. [2_75 2_75] 27
Hence period of f(x)=L. C. M. of 312" 3
(D). (A) f(x)=x*+2x3—x2+1 — Apolynomial of degree
even will always be into
say f(x) = aox2n +a, x2n-1 4 a, X224 o+ a,

Limit f(x)= Limit

x—>to X—>*too
a ap ar, 0 lfao >0
[X2n ag +—+—2+....+ 5 = .
X X x-0 —owifay<0

33

G4

35

(36)

Hence it will never approach oo /— o0
B)fx)=x3+x+1
=f'(x)=3x2+1

(C)f(x) = /1+x2 — neither injective nor surjective

(minimum value = 1)
fx)=x3+2x2-x+1

= f'(x)= 3x2+4x—1 = D>0

Hence f (x) is surjective but not injective.

(A). Note that fis bijective hence f! exist wheny =4
2x3+7x-9=0
2x3(x—1)+2x (x—1)+9 (x—1)=0
x—1)(2x2+2x+9)=0
x=1lonly=A

as 2x%+2x+ 9 =0 has no other roots

(D). F(7752) = (775210 x 775).10° + F(775)

— injective as well as surjective

=200+F (775) = 2000+ (775-10x77).10% + F(77)
= 2000+ 500+ F(77)
=2000+ 500+ (77—10x7).10" + F(7)
= 2000+ 500+ 70 + F(7)
=2000+500+70+(7—-10x0).10° + F(0)
=2000+500+70+7+0=2577
e® Inx 5(x2+2) (x=2)(x-5)

(2x-3) (x—4)

Note that at x = 3/2 & x =4 function is not defined and in
open interval (3/2,4) function is continuous.

(A).f(x)=

_ (+ve)(—ve) (—ve)

Lim o0
3+ (+ve)(—ve)
2
Lim — (+ve) (+ve) (—ve) w
X4~ (+ve)(—ve)

In the open interval (3/2,4) the function is continuous &
takes up all real values from (-0 ,00)
Hence range of the function is (—o ,00 ) or R

/
2sinx (1+cosx) l—cosx}3 ?

(©).f(x) = {

2cosx(1+sinx) 1-sinx

H x¢E and x¢3—n
ence 5 2

T n
. Domain is R— {(411—1)5 ,(4n+1)5}

) , P

sinx (1 -cos” x) )

L tX)= T . =tan“x
cosx (1—-sin” x)

= Range is [0, ©)

[21
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37

(3%

39

(40)

1)

(42)

43)

(44

45

(46)

1

cos{sin_1 (sinx +cosx)}

(D).
= - 2 <sinx+cosx <+/2

s . -1 . Y
:ESsm x(smx-i—cosx)sz

=0< cos(sinf1 x(sinx +cosx) <1

= Range = [1, )

©€).y=(>-1+2= y_ . =2 n
= log, s(x*-2x2+3)<-1 —{3n/4

In I Ry
= range {T’ 75] -110

D). {x} [x]=1 = {x} =1/[x] or x—[x]=1/[x] ,
hence x =[x]+ 1/[x]

obviously x>2 (because 1 <x<2 ,[x]<1 and 2[x] < 1)
Sox=[x]+1/[x]

(D). f(m, n)+f(n, m)

2X+X=m, 2x-Y=n ;
8 8

X=m+n ; m+H+X=m:>y=4(m—n)
4 2 8

f(m,n)+f(n,m)=0 forallmandn.

-1 2
(A). e« 125D >0 = _1<]og, x> <1
=4 <x? <4

2

1
<x“<4 = —<1x1<2

2
1 1
-2, —— (V| =, 2
:’X{ 2} [2 }

1 1
(D)‘ 3f(X) - f(—] = log X4 ; XE—
X X

3+[ij -f(x)= log(§j4

After solving we get f(x) =log x

&=

=

fe *)=logee ™ =—x

(D). As /x +1 isnota linear function of x i.e., of the type

ax + b, the given function is not periodic.
(B). By definition only f (x) = x2 + 4x — 5 with domain

[0, ) is one to one.

B). fix)=log,,(x>+5x+7)>0 x>-5x+7>0
x2+5x+7<1 xeR

x2-5x+6<0

2,3)

(A). f(x)is definedon [0, 1] = 0<x <1
Now f(2sin x) shall be defined, if 0 <2 sinx < 1
= 0<sinx<1/2

7

48

49

(50)

(1)

(52)

(53)

(4

ey {I:Znn, 2nm+ Z}U [Znn + %“ ,(2n+ 1)@}

nel

X
B).f =
). (600D =

g(f(x))=rx. If f(g(x) = g(fx)) = =rx

I+(r—-1)x
=Sx=rx(1+r-Dx)=r@—1)x2=0
If this is to be true for infinitely many (all) x,
thenr=0orr—1=0]
(D). We have, f(x)=(a—x")!/n=y
S fy)=(a- yn)l/n: [(a— {(a_xn)l/n}n ]l/n
=[a—(a— Xn)]l/n = (Xn)l/n =x
(O). f(x) is defined if 3x2 —4x +5>0

, 4 5 2?11
=3 X m3XHS120=3 X=3) T =20
Which is true for all real x

.. Domain of (f) = (— o0, )

Lety= 332 _4x +5 = y?=3x2—4x+5

ie.3x2—4x+(5-y})=0

11
For x to be real , 16—12(5—y2)20:>y2\/;

THR
.. Range of y = ?nooJ

(A). Y is real provided sec 2y > li.e.(2X—1)2—-4 > 1.
As2* > 1, thisimplies 2* > 1+ /5 orx > log, (1+ /5 ).

T
(O). - [x] is an integer, cos (—x) = cos X and cos [E] =0,

(3) =t oo (5)teoss(3)
cos 2 2 =-1, cos0 7 =1,cos 3 2 =0

Hencerange= {-1,0, 1}

(B). Let f(x)=ax>+pxZ+qx+r

now use f(x)—f(x—2)=x>—4x+1
compare the coefficients to get
a=2/3; p=1; q=-1/6; hencep+q=5/6

2- x|

(B). f(x)= cos™! ( ) +[log(3—-x)]"!

Domain —1< Z_J‘X | <1 X €[-6, 6]
3-x>0 X €(—x, 3)
log3—x)#0 X#2

x €[-6, 2)U (2, 3)

(©). tan_lxlx[x+l]+sin_1\/x2+x+ zg

—
I22
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(35)

(56)

(57

(58

(9

(60)

(61)

(62)

JX[x+1] eR

x €eR

0<xZ+x+1<1
x €[-1, 0]

Domain E x €[-1, 0]

tan ™! VX[x+1] = cosvVxZ +x+1

_ 1 -
cos | —————=cos"

x2+x+1

x2+x+1= x=1{-1,0}

D). f(f(x))=6; letf(x)=t

S f)=6 = t=1or-2

ie. f(x)=1 or—2

f(x) =1 — 4 solutions

f(x)=-2 — 2 solutions

= total solution =6

(A). We have,

fog (%) = f[g ()] =f[-g(®)] (- gisodd)

=f[g(x)] (. fiseven)
=fog(x) vxeR.

.. fog is an even function.

xZ+x+1

=[x ,
©). fx)= x| 2 Domain
1-[x]|
— >0
[x]|-2#0 Ix|-2
X # 12 1<]x]£2

(A).-1<3x—1<1 = 0<x £2/3 = domainis [0, 2/3]

whenx=0theny=1,x=2/3,y=4. Hence rangeis [1, 4]
f(x) ;when f(x) is rational

(B). fof (x) = 1—-1(x); when f(x) is irrational

X ; when x is rational
- { 1—(1-x); when x is irrational
D).f1(17)={x:f(ix)=17andx<0} = {x:x>+1=17and
x<0}=—4
and £1(3)= {x:x2+1=3andx <0} = —2

X2

D). f:R > A, f(x)=—
x“+1

=X

is surjection for surjection

range = codomain =A
So, we have to evaluate range

x2+121:1—;:[0, 1]
[1, o]

1-x
- i -1
B). f(x) 11 x Domain of f(x)

(63)

)

@

©)]

“@

®)

©)

™

@®

I-x -y
y=—>=y+xy=l-x=>x=—=
I+x I+y

f‘l(X)=:—z; R— {1}

(D). Let f(x;) = f(x,) = [x;]=[X,] this not implies that
X=X,

[For example, if x| =1.4and x, = 1.5, then[1.4] =[1.5] =1]
.. fis not one-one.

Also, f is not onto as its range I (set of integers) is a
proper subset of its co-domain R.

EXERCISE-2
B).(1) v mRn:n+n=2n¢7Z
.. Itis not reflexitve
(i) If(a,b)e R:a+tbeZ

:b+aeR

(b,a) e R .. Itis symmetric.

(O).Clearly (2,3) e Rbut(3,2) ¢ R
.. Ris not symmetric
(D). (a) non-reflexive because (x5, X3) € R,
(b) Reflexive (c) Reflexive
(d) non-reflexive because x, ¢ X
(D). (a) R is symmetric relation because it has no element
mnit.
(b) R, is not symmetric because (b, a) € R, & R; is
symmetric.
(c) Every null relation is a symmetric and transitive
relation.
(A). (a) R, istransitive relation because it is null relation.
(b) R, is transitive relation because all singleton relations
are transitive.
(c) Ry is transitive relation
(d) R, is not a transitive relation
(D). £(x) =[x+ [x+ 1]-3={[x] +2} {[x]- 1]}
So,x=1,1.1,1.2, ..........

=f(x)=0 .. f(x) is many-one

Only integral values will be attained ... f(x)is into
(B). f(x)=px+sinx

f'(x)=p+sinx

either f' (x) <0 or f'(x)=0

p+sinx<0 or p+sinx>0

p<-1 or p=1

p € (0, -1]U[1, )

1-x 0<x<l1

(B). f(X)=|X—1|={X

-1 x2>1
g(x)=e* x2-1
[l-g(x) 0<g)<lie-1<x<0
(fog) (X)_{g(x)—l g(x)>1 ie 0<x

1-e* -1<x<0
= o domain =[-1, ]

[4
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fog is decreasing in [-1, 0] and increasing in (0, )
| 0 x)2 if x>0
fog(-1) =1 , and  fog(0)=0 f,(x)_{ C 050 = s T
x —»owfog(x)=w .. range[0,0) (1-x)°
9 (B). Two triangles may have equal areas
.. fis not one-one y
Since each positive real number can represent area of a ©.D Y-l
triangle .. fis onto. <
(10)  (A).f:(0,%)— (0, ) 0
f(xf(y))=x*y*(a €R) -

Putx=1, we get f(f(y)=y*
As x > o;y—>1;as x>-o;y—>1

Put f(y) = l’ we get f(1)= 3 y? = injective butrange is [ 0, 1)
X (f(y) (17) (D). f(x)=ax+cosx
puty=1weget(f(1))’=1 .. f(1)=1 f'(x)=a—sinx
fory=1, we have f(x (f(1))) =x2 o fx)=x2 For 1-1
f(x f6(x)) 2:x2xa; f(x3)=x%x2; f(x3)=x° l 1
. — a. =
w o thusa =4 £'(x)20 £'(x)<0
a—sinx >0 a—sinx<0

(12) (B).Ifa=0,Rangeof f(x)=R. Also, f'(x)=a+cosx

If a>1, f'(x)>0,i.e. function is increasing a i ?mx a i ?mx
a>—1,f"(x) <0i.e. function is decreasing as R 1 as
f (x) to be one to one it must be monotonic and is possible aeR-(-11)
: (18) (A
itsa<-—lora>1. . 5
@ fx)=x
(13)  (B).Letg(x)= log(x +v1+ x2 ) Letx,x, € Nthenf(x|) = X12 and f(x,)= x22

Now, f(x))=1(xy) = x12 = x22 =X fxzz

- g(—=x)=log (—X+V1+X2 = (X.1+X2)(X17X2):0 ) .
Since x, X, € N 'so x; +x, =0 is not possible

S g(x)+g(x) X%(*X)zzfo(:; X17% So fis iniective fimeti
= f(x;)=f(xy)= X, =x,.So fisinjective function.
x+\/1+x2)+log —x+V1+x2
So f is not surjective function.
(i) f(x)=x2
=log (I+x*—x})=0=g(—x)=-g(x) =g (x)isodd then £(x;)=x,2=(3)2=9and f(x,) =x,2=(-3)>=9
function . f(x))=f(x,) butx, #x,. So fis not injective function.

Letf(x)=5 e Nthenx?=5=x=% /5 ¢N.
(x+\jl+x2 (—x+\jl+x2
Let x; =3 € Zand x%:f3 IV4
Since the function sec x is an even function and
Letf(x)ZSEZthenx2:5:>X:i\/§ ZN.

= log

= log

log(x +v1+ Xz) is an odd function therefore the So f'is not surjective function.
(19) (D).Let x;=2>0andx,=3>0eR
function sec [log(x +V1+x° )} is an even function. thenf(x))=f(2)=1and f(x)) =£(3) =1
Now, f(x,)=f(x,) butx; #X,. so fis not one—one
(14) (D). f(x)=x*—4x+a function.
always attains its minimum value. So its range must be Let f(x)=3 R
closed. So, a= {¢} There is no value of x for which f (x) = 3 because
) range of fis {~1, 0, 1}. so fis not onto function.
(15) (D).Putx=tan or y=" 7 = rangeis [-1,1] Thus f is neither one—one nor onto function.
X+— (20) (C).Letn;=3andn,=4 e N.
X
3+1 .
X thenf(n))=f(3)= ——=2 [~ n;is odd]
= if x>0 2
I+x
16) (A).f(x)= { X . 4 .
T i x<0 f(nz):f(4):5—2 [ n,is even]

f(n)=f(n,) butn; #n,

[4
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(e3)

22

23

249

25

(26)
@n

2%

29

So, fis not one—one function.
Since fis not one—one, it can't be bijective.

(D). Componendo-dividendo

_9ef(x)
2e :X+1:>ef(x):X+1 ;f(X)ZlnX+1
2 x—1 x—1 X —
f@)+f(b)= In| 212 1)
l1-a 1-b
a+b
(a+bj: 1+ab
1+ab 1_a+b ........ )
1+ab

(a+1)(b+1) a+b+l+ab. ab+a+b+1:a+b+1+ab
(1-a)(1-b) 1+ab-a-b l-a-b+ab I+ab-a-b

Both are always equal

x+1
But :>0;xe -1,1) ae(-1,1),be(-1,1)

D). f(x) = (x+ 1)? for x >—1. g (x) is the reflection of f (x)
in the line y =x, then g (x) is the inverse of f (x).

Lety=(x+1?= Jy=x+1=x=.y-1

ie., f_l(y)z\/§—1 or g(x):\/;—l

HNNNY
NRR

From the graph it is clear t hat f (x) is not one-one
.. Statement (1) is true
Also ' (x) <0 V/ x € D¢but the function is not 1-1. So the
statement-2 is false.
(A). Both statements are true and statement 2 is correct
explanation of statement 1.
(D). Statement 1 : Let g (x) is inverse of y = (x)

1
f'(g(x))=——-
(g(x)) o)

(x) is also strictly increasing.
Statement 2 : e* is mirror image of In x wrt. line y=x
.. Inxis inverse of e*
(A). ¢ (x) is odd, aperiodic, one-one and onto
So, k(¢ (x))=—1+4+5+7=15
(D). h (x) is even, aperiodic, many-one and into
Sok(h(x))=0+4+6+8=18
(O).k(xH)=18, k(e¥)=19,

k(sinx) =16, k(|x])=18
.. k(x) is many-one into function.
(B). If x* + y3 = 1, then we know (—x, y) is on the graph
since (—x)* +y3 =x* + y3 = 1. And in general, when the
coordinate is raised to an even power every single time in

-~ Iff(x) is strictly increasing then g

30

€3]
(32

(33

G4

(35)

the equation, then symmetry by the other axis occurs.
Since y is raised to an odd number, then x-axis and origin
symmetry are ruled out. Symmetry about y =x is another
story, but since x* + y? = x3 + y* is not necessarily true, it
is ruled out. The only symmetry is about the y-axis.
(D). Suppose R is just a rectangle whose 4 vertices are
(1,2),(1,-2),(-1,2)and (-1, -2). The x-axis and y-axis
symmetries in the problem are satisfied, but the point
(2, 1) is not contained in R.
(©). f(0)=c=0.. f(2)=0
(A). Since, f(0)=2 = c=2and

f(2)=2= 4a+2b+c=0=>4a+2b+2=0

b 1
= 2a+tb+1=0 = 2+;+§=0

1/a isarootof ax2+bx+c=0

b
. ——=<0 or—22
2a or 2a = 2a

2a+1
2a

= a=1 is not possible.
A).

1 1
or >2= —ESa<0 0r0<aS5

L_ 1 £ X
(A) g(x) nx/x ’
x>0,x#1 forboth
1 1
(B)m:x/lnx

1
= f(x) is not defined atx =1 but g (1) =0

nx
;e(x)=—
X

x Inx

(C)f(X)-g(X):m—X-T =1

if x>0,x#1 =N.L

1 1
D rx).gx)  x Inx

nx x

only forx>0and x# 1

X

(A). Given f(x) = o3 (1)
now £ 1-x)= 191—x -3 (i)
97 +3 9% 43
Adding (i) and (ii) f(x) +f(1-x)=1 ..... (iii)
) 1 2 998
Puting X = 061996 1996 " (1)

=
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(36)

37

(3%

1), 1995
Wegetf{ 7996 )" '\ 1996 ) =1

2 1994
o |+l oo | -1
[1996) (1996]

997 999 998 998
fl —— |+f| — | =1:f| — |+ =1
1996 1996 > 1996 1996

998 j 1
= M1996) =2
Adding all, we get
£ L +f 2 +.tf 1995
1996 1996 1996
1

=(1+1+..... +997 times) + 5 =997.5
(D). For f (x) to be defined, we must have

x—J1-x2 200r x>+1-x2>0

1
ax2>1-x2or X* 25. Also, 1 -x2>0o0rx?<1.

1 1 1
Now, X~ 2 3 = NG B >0

1
X2—

> V2
Also, <1 = (x— 1) (x+1)<0=>-1<x<1
1

1
= x<——— or

1
Thus, x>0, x? 25 and x2< 1 slxe{ﬁal}

B). f(x)=|Ax+c|+d
g(x)=—|Ax+u|+tv

(—u/A, v)

(1.4)

d (~c/A} d)

—/A —U/A

figure is parallelogram and diagonals bisect each other

(R
VA YRt A Iy

(B). 1og004 (1023003 (1022002 (1022001 X)) is defined if
0 < log003 (102002 (102901 X))

if log,g; (10g001 X) > 1

if logyg01 X > 2002

if x > (2001)29

2
(39) (A).Forytobedefined ,7;—6 -x2>0

= 4 4 >0=> 4 4 <0
T T . T
:—ZSXSZ .. Domain of y = 44

2
T ol om0 .
4’4}’\/16 * 6[0’4]

Since sin x is an increasing function on [0, T/4].

Therefore 'n0<S'1’] ——X2 <sin—

» 51 ' V16 4

=0<3si 1/ X" < =0 <
S O Sin 16 — Sys /—2 .

B
.. Range of y = h
(C). For f(x) to be defined x -6, 6

Clearly, forx e [_

(40)
x—1
X+5

x—1
and logy, | 15520, >0,

Since log,x for 0 <a <1 is a decreasing function, we have

x—1 x—1
<1 and >0.Forx>-35,
X+5 +5

wemusthavex—1<x+5andx—-1>0.

The first inequality is always true, so we must have x> 1

forx<-35.

We have x — 1 2x + 5, x — 1< 0. These inequalities are not

possible.
= the domain of f(x) is (1, oo ) ~{6}.
©.

3—-x>20=3>2x =>x<3

2-V3—-x20=2423-x=>x2>-1

and 1>242-V3-x =2VJ3-x21=>3-x2>1

= 2>2x=>x<2

(1)

Hence, x € [-1, 2]
42) (A).Letx,y € R be such that
X—-a _ y-a
x-b y-b

=(x-a)(y-b)=(x-b)(y-a
= Xxy—bx—ay+ab=xy—ax—by+ab

f=fy)=

[4
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(43)

Q)

()

(€)

=(a-b)x=(a-b)y=>x=y
Lety € R. Then,

... fis injective.

a—by

—-a
fx)=y=> ;(_—b =y=>x—-a=xy—-by =>x= -y
Clearly,x ¢ R fory=1. ... fis not surjective.
(C). Ifaf® + bf® =g +bandab=1, then f(x) =+ 1

Now (3+\/§)m +(3—J§)m ~34

[x]
2 =34

[x]
= (17+/288) 2 +(17-+/288)
a2 4 px12=g+b&ab=1

Wherea=17+ /288 ,b=17- /288
andab=(17)2-288=1

. M_:‘:l — — —
ST = [x]=%+2=[x]=-2and [x]=2
=>-2<x<-land2<x<3 .. xe[-2,-1)U[2,3)

EXERCISE-3

(AD). - function of define f: R >R
.. function is many one into. If we draw lines parallel to x-
axis they cuts curve of function more than one places.
.. function is many one and in R we can draw lines those
do not cuts curve of function.
.. function is into.
D). f:N—>1I

n-l ; when n is odd
f(n) =

n .
7; when n is even

- nis natural no. which is always the positive if n is odd

then n— 1 will be even and HTI may be even or odd but
it will be positive integer.

.. Corresponding to odd natural no. we get all the integer
including O atx=1.

and if n is even n/2 will be even or odd integer but —n/2
will be —ve integer.

Corresponding to even natural no. we get all —ve integer
f (n) is one-one onto function.

D).f:R—>S

f(x)=sinx— /3 cosx+1=2sin(x—7/3)+1

v —1<sin(x—n/3)<1

=-2<2sin(x—m/3)<2

= 2+1<2sin(x-n/3)+1<2+1 =>-1<f(x)<3

.. Range of function = [-1, 3]

if function is onto then S must be range .. Set S =[-1, 3]

@

®)

©)

Y

@®

(B).A=1{1,2,3,4}

R={(1,3)(4,2)(2,4),(2,3)(3, 1)}

R is relation on set A

- (1,1),(2,2),(3,3),(4,4) ¢ R . Risnotreflexive
v (2,4)eR&(2,3)eR .. Ris not function
(1,3)eRand(3,1) eRbut(1,2) ¢R

.. R is not transitive

(2,3) eR&(3,2)¢R .. Ris not symmetric

(D).f:(-1,1) > B; f(x)=tan! 5
1-x
for f to be both one-one and onto B must be equal to
range. Letx =tan 0
Lo-l<x<l=-1<tanb<1=>-mw4<0<m/4

= -m/2<20<m/2

'.'tan_l(tanx):x;—n/2<x<n/2
tanfl(tan29)229
v-m/2<20<m/2
and—m/2<20<m/2

Now, f(x)= tan”! X =tan~! 2tan®
1—x? 1-tan®
=tan~! (tan 20) =20

and —m/2 <20 <m/2 from (1)
Range of f(x) = (-1/2, ©/2) .. B € (-1/2, /2)
(A). A={3,6,9,12}
R=1{(3,3),(6,6),(9,9),(12,12),(6,12),(3,9),(3,12),(3,6)}
R is relation on set A
* (3,3)(6,6),(9,9)(12,12) e R .. Risreflexive
(6,12) e Rand (12,6) ¢ R .. Ris not symmetric
~ (3,6)and (6,12) e R = (3,12) e Retc.

.. Ris transitive
(A). Letw € Wthen (w,w) e R .. Risreflexive
also if wj, w, € W and (w, w,) € R then (w,, w;) e R
.. Ris symmetric
AgainLetw; =INK,w,=LINK, w3=LET
(W, W) € R {" I, N are the common element of w{, w,}
and (w,, w;) € R { Lis common letter of w,, w3}
But (w, w3) € R {"." there is no common letter of w;, w5}
.. Riis not transitive.
(0).S={(x,y);y=x+1land0<x<2}
T={(x,y) ; x—yis an integer}
ForS, (x,x) ¢ S {0 x#x+1} .. Sisnotreflexive
.. S is not equivalence relation
ForT, (x,x)eT - x—x=0is an integer
.. Tisreflexive
If(x,y) e T - x—yisaninteger
letx—y=kthen (y,x) e T= y—x=—k(is also an integer)
.. T is symmetric relation
let (x;,y;) € T= x; —y; =k (integer)
(v, 2;) € T=y; —z; =\ (integer)
On adding, x; —z; =k + A (integer)
o (x1,z)) € T .. Tistransitive .. T is an equivalence

=
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(C)

10

11)

(12)

(13)

(C). " y=4x+3 - weknowthatf(x)=y

x=f1(y). From(1),y=4x+3

x-3
4

-3 -3
=x=2 S orly)=" " sl x-

(C). f'(x) =3x%+ 5, which is positive.

= f(x) is strictly increasing hence it is one-one.

(14)
Also, f(00) > wand f (—®) - -0
Therefore range of f(x)isR.
B). fx)=y=(x+12-1,x>-1,y>-1
flx)=1+1+x,x>—1 [f1(x)exists only if f(x) is
bijective]. Also, f1(x)=f(x)
=S>E+H1)2-1=-1+ J]+x =>x=0,-1
(B). x R yneed not implies y R x
m m
s: s o qm = pn =52 reflexive
n q n q
mp_p
—s— = =s—
n'q q n symmetry
mop pr y
noq q's = qm=pn, ps=rq = ms = rn transitive
S is an equivalence relation
)

(C). Statement -1 :

(i) x—xis aninteger V¥ x € R so Ais reflexive relation.
(i) y—x € = x—y € I so Ais symmetric relation.
(ii)y—xelandz-yel=y-x+z-yel

= z—X € [ so Ais transitive relation.

ThereforeAis equivalence relation.

Statement -2 :

(i) x=ox when a =1 = B isreflexive relation

(ii) forx=0and y=2, we have 0 = o (B) fora =0
But2=a (0) forno a

So, B is not symmetric so not equivalence.

A). f(x) = — -f'R—{—ll}
) 1+x2 7 2’2

_ 1+x%)-1-x (2x) _—(x+D (x=1D)

£'(x)

(1+x%)? (1+x%)?
— s signoff' (x)
x=-1 x=1
y
x=-1 \/\
\'/‘ x=1 X
Non-monotonic .. Not injective

X
y= : xX2(Y)—x+y=0; D>0
o2 * X (y)—x+y

11
1-4y?>0 ; ye{—g,z}

<0

1
(A). f(X)=2(1+Hj ; £ (x):—(x_l)2

f(x) is strictly decreasing.

= fis one-one but not onto.

[4
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