CHAPTER — 1
Relations

Definition

Let A and B be two non-empty sets, then every subset of A x B defines arelation from A to B and
every relation from A to B is asubset of A x B.

Let Rc4x and (a, b) € R Then we say that aisrelated to b by the relation R and writeit as arb . If
(a,b)e R, wewriteit asaRrb.

(1) Total number of relations: Let A and B be two non-empty finite sets consisting of m and n
elements respectively. Then A x B consists of mn ordered pairs. So, total number of subset of A x B is2™.
Since each subset of A x B definesrelation from A to B, so total number of relations from A to B is 2™.
Among these 2™ relations the void relation f and the Universal relation A x B are trivial relations from A
to B.

(2) Domain and range of arelation: Let R be arelation from a set A to a set B. Then the set of all
first components or.coordinates of the ordered pairs belonging to Ris called the domain of R, while the set
of al second components or coordinatesof the ordered pairsin Ris called the range of R.

Thus, Dom (R) ={a: (a,b) € R} and Range (R) ={b: (a,b) € R}.
Inverse relation

Let A, B betwo setsand let R be arelation from a set A to aset B. Then the inverse of R, denoted by
R, isarelationfrom B to A and isdefined by R = {(6,4): (a,b) < R}
Clearly (a, b) € R« (b, @) € R™. Also, Dom (R) = Range (z'y‘and Range (R) = Dom (z ')
Example: LetA={a,b,c},B={1,2, 3} andR={(a,1),(a, 3), (b, 3), (c, 3)}.
Then, (i) R*={(1, a), (3, a), (3, b), (3, c)}
(i) Dom (R)={a, b, c} =Range (r ")
(ili) Range (R) ={1, 3} =Dom (r "

Types of relations

(1) Reflexiverelation: A relation Ron aset Aissad to bereflexive if every element of Aisrelated to
itself.

Thus, Risreflexive < (a, a) € Rfor dla < A

Example: Let A={1, 2, 3} and R={(1; 1); (1, 3)}

Then R isnot reflexivesince 3€ 4 but (3;3) ¢ R

A reflexiverelation on A is not necessarily the identity relation on A.

The universal relation on anon-void set A is reflexive.

(2) Symmetric relation: A relation Ron aset A is said to be a symmetric relation iff (a, b) e R= (b,
a) e Rfordla,be A
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i.e,aRb = bRaforadl a b e A

it should be noted that R issymmetric iff ' =&

The identity and the universal relations on a non-void set are symmetric relations.

A reflexiverelation on aset A is not necessarily symmetric.

(3) Anti-symmetric relation: Let A be any set. A relation Ron set A is said to be an anti-symmetric
relationiff (a, b) e Rand (b,a) e R=>a=bforadla beA.

Thus, if a= b then amay berelated to b or b may be related to a, but never both.

(4) Transitiverelation: Let A be any set. A relation Ron set A issaid to be atransitive relation iff

(a,b) e Rand(b,c) e R=(a,c) e Rfordl a, b,ceAi.e, aRbandbRc= aRcforal a b,c e A

Transitivity fails only when there exists a, b, csuchithat aRb, bRcbut arc.

Example : Consider theset A={1, 2, 3} and the relations

R ={1 2.3} R, ={(1, 2)}; &, ={(L, Y}

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

Then r,, Rr,, R, aretransitive while r, isnot transitivesincein r,,(2, )eR,:(1,2)e R, but 2,2)¢R, .

The identity and the universal relations on a non-void sets are transitive.

(5) Identity relation : Let A beaset. Then therelation I ={(a, a) : a € A} on Aiscalled the identity
relation on A.

In other words; aréelation I, on A is caled the identity relation if every element of A isrelated to itself
only. Every identity relation will be reflexive, symmetric and transitive.

Example: Ontheset ={1, 2, 3}, R={(1, 1), (2, 2), (3, 3)} istheidentity relationon A.

It isinteresting to note that every identity relation is reflexive but every reflexive relation need not be
an identity relation.

(6) Equivalencerelation : A relation Ron aset A issaid to be an equivalence relation on A.iff

() ltisreflexivei.e.(a,a) e Rforalace A

(i) Itissymmetrici.e.(a,b) e R= (b,a) e R foral a, b e A

(iii) It istransitivei.e. (a, b) e Rand (b, c) e R= (a,c) € Rforal a, b, c € A.

Congruence modulo (m): Let m be an arbitrary but fixed integer. Two integers a and b are said to be
congruence modulo m if «-» isdivisible by m and wewrite «=» (mod m):

Thus a=» (Mmod M) < «-» isdivisible by m..For example, 18 =3 (mod 5) because 18 — 3 = 15 which
isdivisible by 5. Similarly, 3=13 (mod 2) because 3 - 13 = -10 which is divisible by 2. But 25 = 2 (mod
4) because 4 isnot adivisor of 25 - 3 = 22.

Therelation “Congruence modulo m* is an equivalence relation.

Equivalence classes of an equivalence relation

Let R be equivalence relation in 4=f). et a e 4. Then the equivalence class of a, denoted by [a] or
{a; 1sdefined asthe set of all those points of A which are related to a under therelation R. Thus[a] ={x e
A:xRa}.

It is easy to see that

(1) belal= ae[b]

(2) bela=[al=[p]

(3) Two equivalence classes are either disjoint or identical.
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Composition of relations

Let R and S be two relations from sets A to B and B to C respectively. Then we can define arelation
SoR from Ato C such that (a, c) €e SOR< d b € Bsuchthat (a,b) e Rand (b, c) € S

Thisrelation is called the composition of Rand S.

For example, if A={1,2,3},B={a, b, c, d}, C={p, q, r, s} bethree sets such that R={(1, a), (2, b),
(1, ¢), (2, d)} isareaionfromAtoBand S={(a, s), (b, r), (c, r)} isarelation from Bto C. Then SoORisa
relation from Ato C givenby SOR={(1, ) (2, r) (1, )}

In this case RoS does not exist.

In general RoS# SoR. Also (SoR) ™ = RoS™.

Functions

If A and B are two non-empty. sets, then arule f which associated to each x € 4, aunique number y e B,
iscalled afunction from A to B and we write, 7: 4 > 3.

Some important,definitions

(1) Real numbers: Real numbers are those which are ether rational or irrational. The set of real
numbersis denoted by R.

(2) Related quantities. When two quantities are such that the change in one is accompanied by the
change in other, i.e., if the value of one quantity depends upon the other; then they are called related
guantities.

(3) Variable: A variableisasymbol which can assume any value out of a given set of values.

(i) Independent variable: A variable which can take any arbitrary value, is called-independent
variable.

(ii) Dependent variable: A variable whose value depends upon the independent variable is called
dependent variable.

(4) Constant: A constant is a symbol which-does not change its value, i.e., retains the same vaue
throughout a set of mathematical operation. These are generally denoted by a, b; € etc. There are two types
of constant, absolute constant and arbitrary constant.

(5) Absolute value: The absolute value of a number x, denoted by [X|, is a number that satisfies the
conditions

-x ifx<0
| x|=4 0 if x=0. We also define |x| asfollows,
x ifx>0

IX|= maximum {x, — x} or [x|=+x> .

(6) Fractional part: We know that x=[x]. The difference between the number ‘X’ and it’s integral
value ‘[x]’ is called the fractional part of x and is symbolically denoted as{x}. Thus, {x}=x-[x] €., iIf X=
4.92 then [X] =4 and {x} = 0.92.

Fractional part of any number is always non-negative and less than one.
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Intervals

There are four types of interval:
(1) Open interval : Let a and b be two real numbers such that a<b, then the
set of all real numbers lying strictly between a and b is called an open interval __, 2<X<P

and isdenoted by ]a, b[ or (a, b). Thus, ]a, b[ or (&, b)={x e R:a < x <b}. %1Opm _mervé
|
(2) Closed interval : Let a and b be two real numbers such that a<b, then a<x<b
the set of all real numbers lying between a and b including a and bis called a [ lb
closed interval and isdenoted by [a, b]. Thus, [a, b] =(x&€R:a<x <b} acmsed terval

(3) Open-Closed interval : It is denoted by ]a, b or (&, b] and Ja, b] or * , a<x<b _

(a,b]:{xeR:a<x§b}. a lIJ
Open closed interval

a<x<b

(4) Closed-Open interval : It isdenoted by [a, b[ or{a, b) and [a, b[ or [a, D) = (x e R:a<x <b}

Closed open interval

Definition offunection

(1) Function‘can be easily defined with the help of the concept of mapping. Let X and Y be any two
non-empty sets. “A function.from X to Y is arule or correspondence that assigns to each element of set X,
one and only one element of set Y”. Let the correspondence be ‘f’ then.mathematically we write r:x - v
where y = fix),x e X and y ev. We say that ‘y’ is the image of ‘X’ under f (or X isthe pre image of y).

Two things should always be kept in mind:

(i) A mapping f:x >y issaidto be afunction if each element inthe set X hasitsimagein set V. Itis
also possible that there are few elementsin set Y which are not the images of any element in set X.

(ii) Every element in set X should have one and only one image. That means it is impossible to have
more than one image for a specific element in set X« Functions can not be multi-valued (A mapping that is
multi-valued is called arelation from X and Y) e.g:

Set X SetY Set X SetY
Function
Function
Set X SetY Set X Set Y
Not function Not function
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(2) Testing for a function by vertical line test : A relation 7:4 - B is a function or
not it can be checked by a graph of the relation. If it is possible to draw a vertical
line which cuts the given curve at more than one point then the given relation is not
a function and when this vertical line means line parallel to Y-axis cuts the curve at
only one point then it is a function. Figure (iii) and (iv) represents a function.

Y/'» Y
XI
o X
X X
Y V(n)
Y
X5 o|
Y (i) Y (IV)

(3) Number of functions: Let X and Y be two finite sets having m and n elements respectively. Then
each element of set X can be associated to any one of n elements of set Y. So, total number of functions
from set X to setYis »" .

(4) Value of the function: If ¥ =/®) is afunction then to find its values at some value of x, say
x=a wedirectly substitute x = a in its given rule /™ and it is denoted by /@

eg. If f=x>+1, then fi)=1>+1=2, fi2)=2>+1=5, f(0)=0>+1=1 €lC.

Domain, co-domaind@nd range of function

If afunction fis defined from a set A to set B then for 7: 4 —» B set Alis caled the domain of function f
and set B is called the co-domain of function f. The set of all f-images of the eements.of A iscalled therange
of function f.

In other words, we can say

Domain = All possible values of x for which f(x) exists.

Range = For all values of x, al possible values of f(x).

Range
Co-domain

Domain ={a,b,c, d} =A
Co-domain={p,q,r,sf =B
Range ={p.a,r}
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(1) Methodsfor finding domain and range of function

(i) Domain

(a) Expression under even root (i.e., square root, fourth root etc.) > 0. Denominator = 0.

If domainof y=7x) and y=g¢g(x) are b, and b, respectively then the domain of f(x)+g(x) Or f(x).g(x) IS
D, ND,.

While domain of % IS D, "D, —{g(x)=0}.

Domain of (\/@)z D, M {x: f{x)>0}

(i) Range: Range of y = s(x) is collection of al outputs ) corresponding to each real number in the
domain.

(@) If domain e finite number of points = range € set of corresponding s(x) values.

(b) If domain € Ror R- [some finite points]. Then express x interms of y..From thisfind y for x to be
defined (i.e., find the values of y for which x exists).

(c) If domain € afiniteinterval, find the least and greatest value for range using monotonicity.

Algebra of functions

(1) Scalar multiplication of a function: (cH@)=c¢ f(x), wWherecisascaar. The new function ¢ f(x) has
the domain x,.

(2) Addition/subtraction of functions

(f+ g)x) = fix)£ gx). The new function hasthe domain X.

(3) Multiplication of functions

(f2)(x) = (g NHx) = fix)g @) The product function has the domain X.

(4) Division of functions :

i) (iJ(x) = % Thenew function has the domain X, except for the values 01;< x for which g@)=0.
g gx

(i) (%(x) = %. The new function has the domain X; except for the values of x for which fx)=o.
X

(5) Equal functions: Two function f and g are said to be equal functions, if and only if

(i) Domain of f = Domain of g

(i) Co-domain of f = Co-domain of g

(iii) f(x) = g(x)vx e their common domain

(6) Real valued function : If R, be the set of real numbers and A, B are subsets of R, then the function
7:4— B iscdled area function or real —valued function.
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Kinds of function

(1) One-one function (injection) : A function r:4 - B is said to be a one-one function or an
injection, if different elements of A have different imagesinB. Thus, r: 4 —» B isone-one.

a#b = flay= fb) foral a, bea

o flay=fib) => a=b foral o, pe4.

eg.Let r:4 B and g: x » v betwo functions represented by the following diagrams.

Y

Clearly, r:4—- B is a one-one function. But ¢: x —» v is not one-one function because two distinct
elements x, and x, have the same image under function g.

(i) Method to check the injectivity of a function

Step | : Take two arbitrary elements’x, y (say) in the domain of f.

Step |1 Put six) = f0).

Step 111 : Solve s@)=f»). I sx)= s givesx =y only, then r: 4 - B is a one-one function (or an
injection). Otherwise nat.

If function is given in the form of ordered pairs and if two ordered pairs do not have same second
element then function is one-one.

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 ane-one. e.g.

Y Y
S A I
(o, 1)
X 0 X X' X
/ Olf=a(0<a<2)
y f(x) =ax+b

(i) Number of one-one functions (injections):. If A and B are finite sets having m and n elements
"P,, ifn=m

0 ,ifn<m

respectively, then number of one-onefunctionsfrom AtoB = {

(2) Many-one function: A function r:4 — B is said to be@ many-one function if two or more
elements of set A have the sameimagein B.
Thus, 7: 4 - B isamany-one function if thereexist x,ye 4 suchthat x =y but sx)= 1)

In other words, r: 4 —» B isamany-one function If it is not a one-one function.
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e If function is given in the form of set of ordered pairs and the second element of atleast two ordered
pairs are same then function is many-one.

e |f the graph of , = s(x) is given and the line parallel to x-axis cuts the curve at more than one point

then function i§ many-one. v

| |
X¢ \ / X X¢ o
Yf¢} f(x)=x Y¢|f(><)=|><|

(3) Onto function (surjection): A function r: 4 —» 8'Isonto if each element of B has its pre-image in
A. Therefore, if /(e 4, vy e B then function is onto. In other words, Range of f = Co-domain of f. e.g.
The following arrow-diagram shows onto function:

A . B X Y
g9
| APL
[~ 7\

Number of onto function (surjection)...If A and B are two sets having m and n elements respectively

X

such that 1 < » < m; then number of onto functions from Ato B is i(—l)”" "Cm

r=1

(4) Into function: A function f: 4 - B.iSan into function if there exists an element in B having no pre-
imagein A.

In other words, r:4— B IS an into function if it is not an onto function e.g. The following arrow-
diagram shows into function.

A B X Y
f g

~_ )\
(i) Method to find onto or into function
(& Solve six)=y by taking x asafunctionof yi.e., g¢) (say)-
(b) Now if g() is defined for 'each y eco-domain and g(»)< domain for y < co-domain, then fx) is

onto and if any one of the above requirementsis not fulfilled, then 7x) isinto.

(5) One-one onto function (bijection): A function s: 4< B is abijection if it is one-one as well as

onto.
In other words, afunction r: 4 — B isabijection if

(i) Itisone-onei.e, fix)=fo)= x=yforal x,yec4.
(i) Itisontoi.e, for al y B, thereexists x € 4 such that sx)=y.
A B

N Gyansthali :

; al's N i : a
iﬂ A Rlace of Knowledge

]
e



Clearly, fisabijection sinceit is both injective as well as surjective.

Number of one-one onto function (bijection): If A and B are finite setsand s: 4 —» B is abijection,
then A and B have the same number of elements. If A has n e ements, then the number of bijection from A
to B isthetotal number of arrangements of nitemstaken al at atimei.e. nl.

(6) Algebraic functions. Functions consisting of finite number of terms involving powers and roots of
the independent variable and the four fundamental operations +, —, x and + are called algebraic functions.

eg., (i) x2+s5x (i) “_*11 x (iii) 3x* —5x+7

(7) Transcendental function: A function which is not algebraic is called a transcendental function.
e.g., trigonometric; inverse trigonometric , exponential and logarithmic functions are al transcendental
functions.

(i) Trigonometric functions: A function is'said to be a trigonometric function if it involves circular
functions (sine, cosine, tangent, cotangent, secant, cosecant) of variable angles.

(a) Sinefunction :

% (p/2,2)

_pw ) \/ x
Domain=R (_p;_1) Yo (3p/2-1)  Range=[-1,1]

(b) Cosine function :

Y,
X [Pg B X
2 2
Domain=R  (_p-1) Ye (p~1) Range=[-1,1]

(c) Tangent function :

5 : —pJ : : pj :
-3p/2; ( -p/2; pi2; ( 3p/2!
: : v :

Domain=R-{(2n+1) p/2|n € I}, Range= R
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(d) Cosecant function :
Y

R BRRRRRAEEE HL b O ST L EPPPRS b--y=1
X' j ' X
B [ _-Q -------- ., L-y:_]_
. | pr2-1) | fc3pi2-1)\ |
x-—2p x=1p Y X =

p 2p
Domain=R- {(np|n € I}, Range = (- «, 1]u[1oo)

(e) Secant function :

Y
(21 & J | w
X T A TN .'
p-1) ()
' X= —:3p/2 X= :—p/2 Y Xt P2 x Ll 3p/2
Domain=R-{(2n+1)p/2 |n € 1}, Range = (- o, —1] L [1,:0)

(f) Cotangent function :

\\LEWZO) \\i172® \\ngm

\\i§¥2® §

BRPl

X=-p

x-—2p

L

Domain=R-{np|n I} Range=R

(i) Inversetrigonometric functions

Table: 21.1
_ _ Definition
Function | Domain R i
unctio omal ange | of the function
R
ginlx [-1.1] Eppl LT
& x =siny
=i
y=cos " x
COS_I 5 [—1, l] [O’ p] < X =C0Sy
y= tan~! x
ran! x (—oo,oo) orR (—D/Z’ p/2) o x=tany
y= cot ™! x
— lx (—OO,(X)) or R (0' TE) & x =coty
~ |
cosec lx R- (_1, 1) [-p/2, p/2]-{0} S
& x = cosec y
o
sec ! x R- (_1, 1) [0, p]-[p/2] e
& x =secy
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(iif) Exponential function : Let «»1 beapositive real number. Then 7: R —(0,«) defined by f(x)=a*
called exponential function. Itsdomain is R and rangeis (0,«).

Y Y
a>1 a<1
01 f=a  fx=a ©, 1)
X o) X X o X
Y¢ Y¢
Graphof f(x)=a", whena>1 Graphof f(x)=a", whena<l

(iv)Logarithmic function : Let «=1be apositive real number. Then £:(0,.0)— & defined by fix) = log, x
is called logarithmic function. Itsdomainis (0,c)and rangeis R.

f(xX) = loga X

Graph of f(x)=1log, x, whena>1 Graphof f(x)=log,x; whena<1

(8) Explicit and implicit functions: A function is said to be explicit if it can be expressed directly in
terms of the independent variable. If the function can not be expressed directly in terms of the independent
variable or variables, then the function issaid to be implicit. e.9. y =sin™' x +1og x IS explicit function, while
x*+y?=xy and x*y? =(@-x)@-yy areimplicit functions.

(9) Constant function : Let k be a fixed real number. Then-a function Y
f(X) given by sx)=« forall x<r iscaled aconstant function. The domain of
the constant function /ix)=« is the complete set of real numbers-and the ko f =k
range of f is the singleton set {k}. The graph of a constant function is a X 0 %
straight line parallél to x-axis as shown in figure and it.is above or below the
x-axis according as k is positive or negative. If k =0, then the straight line

coincides with x-axis.

(10) Identity function : The function-defined by sx)=x for.al xcr, is
caled the identity function on R/ Clearly, the domain and range of the f(x)=x
identity functionis R. X X

The graph of the identity functionis a straight line passing through the ©
origin and inclined at an angle of 45° with positive direction of x-axis.

Y¢

(11) Modulus function : The function defined-by f(x) x={x’ when 20 4o o= x t 0 =x

-x, when x <0
called the modulus function. The domain of the modulus function isthe set x X
R of al real numbers and the range is the set of al non-negative real
numbers.

Y¢
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(12) Greatest integer function: Let f(x)=[x], where [X] denotes the v
greatest integer less than or equal to x. The domain is R and therangeis|. 3+
eg. [1.1]=1,[22] = [-0.9] =-1, [- 2.1] = - 3 etc. The function f of —©
defined by sx)=[x] for al xer, iscalled the greatest integer function. 1+ —°
Xt ——F—
3 2-01 2 3 X
+-1
—0 +-2
—0 -3
Y

(13) Signum function :

1, x>0

fin=1 0, x=0 iscaled the signum function. Thedomain is R and the range

-1, x<0

The function defined by )=

OxO

—,x#0Qr

— (0,-1)

Y
istheset{-1, 0, 1}.
(14) Reciprocal function : The function that associates each non-zero rea v 00 =1 x
number x to be reciprocal L is called the reciprocal function. The domain and \
X
range of the reciprocal function are both equal to. z- {0} i.e., the set of al non-zero * 0 X
real numbers. The graph is as shown.

(15) Power function: A function r:r — r defined by, 7x)=x*, a e® iscalledapower function.
Table: 21. 2 Domain and Range of Some Standard Functions

Function Domain Range
Polynomial function R R
Identity function x R R
Constant function K R {K}
Reciprocal function % Ro Ro
x%) x| R R U0
x3, x| x| R R
Signum function R {=1,0,1}
X+ x| R R" o}
x—| x| R R u{o}
[x] R I
x —[x] R [0, 1)
Jx [0, o) [0, 0]
a* R R
log x R+ R

11 Plum nf Hnuw!edge
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Function Domain Range

sin x R [-L 1]
cos X R -1 1]

3
tan x R- i%, iTp,..}
cot x R-{0,+p,+2p,...}

3
sec x R- {i%, iT,...} R_(_l’ 1)
cosecx R- {0, tp, + 2p,...} R- (_]_, ]_)
sin”! x 1, 1] [? %}
cos ™ x L 1] [0, p]
tan ' x R [%,%j
cot™' x R ©, p)
see ! x R--1L1) [0,p]_{%}
cosec ' x R—(1,1 {7 %,%} - {0}

Even and Odd function

(1) Even function: If we put (-X) in place of x in the given function andif f(-x)= fix), vx e doman
then function f(x) is caled even function. 9. fix)=e* +e™, flx)=x%< fix)=xsinx, f(x)=cosx, f(x)= x> cos x
all are even functions.

(2) Odd function: If we put (—x) in place of x in the given function and if f(-x)=—/(x),¥x e domain then
f(X) is called odd function. eg., fix)=e* —e™™, fix)=sinx, f(x)=x>, flx)=xcosx, f(x)=x’sinx all are odd
functions.

Properties of even and odd function

e The graph of even function is aways symmetric with respect to y-axis. The graph of odd function is
always symmetric with respect to origin.

e The product of two even functionsis an even function.

e The sum and difference of two-even functions is an evenfunction.

e The sum and difference of two odd functionsis an odd function:

e The product of two odd functionsis an even function.

e The product of an even and an odd function.is-an odd function. It is not essential that every function
is even or odd. It is possible to have some functions which are neither even nor odd function. e.g. f(x) =
X+, f(X) = logeX, f(x) = €.

e The sum of even and odd function is neither even nor odd function.

e Zero function f(X) = 0 isthe only function which is even and odd both.
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Periodic function

A function is said to be periodic function if its each vaue is repeated after a definite interval. So a
function f(x) will be periodic if a positive real number T exist such that, fx+7)=fx), vx e domain. Here the
least positive value of T is called the period of the function.

Composite function

If 14— 8 and ¢:B - c are two function then the composite function of f and g,
gof A —» ¢ Will be defined as gof(x) = g[f(x)],vx € 4
(1) Properties of composition of function:
(i) fiseven, giseven = fog even function.
(i) fisodd, gisodd = fog isodd function:
(ii)fiseven, gisodd = fog isevenfunction.
(iv) fisodd, giseven = fog IS even function.
(v) Composite of functionsis not commutativei.e., fog=gof .
(vi)Composite of functionsis associative i.e; (fog)oh = fo(goh)
(vii) If r:4— B ishijectionand g: B —» 4. isinverseof f. Then fog=1, and gof =1,.
where, 1, and. z; areidentity functions on the sets A and B respectively.
(viii) If r:4—>B-@and g:B— c aretwo bijections, then gor: 4 — ¢ isbijection and (go)" = (1 'og™).
(IX) fog # gof but If, fog = gof then either fl =g Or gi1 =f also, (fog)(x) = (gof) (x) = (x).
(x) gof(x) is simply the g-image of f(x), where f(x) is f-image of elementsx e A.
(xi) Function gof will exist only when range of f is the subset of domain of g.
(xii) fog does not exist if range of g isnot a subset of domain of f.
(xiii) fog and-gof may not be always defined.
(xiv) If both f and g are one-one, then fog and gof are aso one-one:
(xv) If both'fand g are onto, then gof is onto.

Inverse function

If r:4— B beaone-one onto (bijection) function, then the mapping 7' <3 - 4 which associates each
dement » e B with element « < 4, suchthat fa) =5, iscaled theinverse function of the function 7: 4 —» 5.

[ B A, f'b)=a= flay=b

In terms of ordered pairs inverse function isdefined as 7' = @®,q) if (a,b) 1.

For the existence of inverse function, it should be one-one and onto.

Properties of Inversefunction:

(2) Inverse of abijection is also abijection function.

(2) Inverse of abijection is unique.

@) (=1

(4) If f and g are two bijections such that (gof) exists then (gof) ™ = f'og™.

(5) If f : A— Bisabijection thenf™. B — Aisan inverse function of f. fof = 1, and fof > = Ig. Here
la, IS an identity function on set A, and |g, is an identity function on set B.
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