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CHAPTER

2 RELATIONS AND FUNCTIONS

ORDERED PAIR

Two elements a & b listed in a specific order form an ordered pair denoted by (a, b).
In (a, b): ais first element and b is second element.

NOTE:
a. An ordered pair is not a set consisting of two elements.

b. The order of two elements in an ordered pair is important and the two elements need not to be distinct.
In general (a, b) = (b, a)

eg: The Position of a point in a two dimensional plane in cartesian system is represented by an ordered
pairi.e., (1, 2), (3, 2), (3, 4) etc.

EQUALITY OF ORDERED PAIRS: Two ordered pairs (a,, b,), (a,, b,) are equal if and only if there
corresponding elements are equal. i.e.a; =a, and b, =b,.

eg: Findthevaluesofaandb,if(3a—2,b+3)=(2a-1, 3).
Ans.3a-2=2a-1andb+3=3=a=1&b=0

CARTESIAN PRODUCT OF TWO SETS

If A & B are two non empty sets, then the set of all ordered pairs (a, b) such thata e Aand b € B is called
the cartesian product of Aand B, and is denoted by A x B.

Thus,AxB={(a,b):acAandb e B}. IfA=¢ or B = ¢, then we defineAxB =¢

EXAMPLE
1. IfA={2,4,6}and B={1, 2}, thenfind Ax Band B xA
Ans. AxB={(2,1),(2,2),(4,1),(4,2),(6,1),(6,2)} ; BxA={(1,2),(1,4),(1,6),(2,2),(2,4),(2,6)}
2. A={a,b},B={1,2,3}findAxB,BxA,AxA BxB,(AXxBnBxA).
Ans. AxB={(a, 1), (a, 2), (a, 3), (b, 1), (b, 2), (b, 3)}; BxA={(1, a), (2, a), (3, a), (1, b), (2, b), (3, b)}
AxA={(a, a), (a,b), (b, a), (b. b)}
BxB={(1,1),(1,2),(@1,3),(21),(2,2),(2,3),(3,1), (3, 2), (3, 3)}
(AxB)n(BxA)=¢

NUMBER OF ELEMENTS IN THE CARTESIAN PRODUCT OF TWO SETS
If there are p elements in set A and q elements in set B, then there will be pg elements in A x B.
i.e.if n(A) = p and n(B) =qg. Then n(A x B) = pq.

NOTE: If Aand B are non empty sets and either A or B is an infinite set, then A x B is also infinite set.

GRAPHICAL REPRESENTATION OF CARTESIAN PRODUCT OF TWO SETS

a. LetAandB betwo sets and (a, b) be an ordered pair, wherea e Aand b € B. To
represent it graphically, we draw two mutually perpendicular lines OX and OY
intersecting each other at O and represent set A on horizontal line OX and set B

on vertical line OY. bl-----¢ (a, b)
b. The point of intersection of a vertical line through a and horizontal line through 6_5—;(

b represent the ordered pair (a, b).
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DIAGRAMATIC REPRESENTATION OF CARTESIAN PRODUCT OF TWO SETS

In order to represent A x B by an arrow diagram, we first draw venn diagrams representing sets Aand B
one opposite to the other as shown in figure and write the elements of sets.

Now, we draw line segments starting from each elements of set A & terminating to each element of set B.

ORDERED TRIPLET

If A, B, C are three sets, then (a, b, ¢); wherea € A, b € B and c € C, is called an ordered triplet. Ordered
triplet is also called 3-tuple.

CARTESIAN PRODUCT OF THREE SETS

IfA, B, C are three sets. Then Ax B x C s the set of all ordered triplets having first element from A, second
element from B & third element from C. Thus,AxB xC={(a,b,c):aceA,beBandc e C}

Ingeneral, ifA;,A A, ...,A arensets, then(a;, a,, a,, ..., a,) is called an-tuple, where a, e A;, i=1, 2, 3,
..., nand the set of all such n-tuples is called the cartesian product of A, A,, A,, ..., A, and is denoted by
AL XA,XASX XA

In symbolic form A} x A, xA; x ... xA ={(@;, a,, a5, ...,a,): 3 €A, 1 <i<n}

EXAMPLE

1. IfA={1,2},B={3,4},C={4,5,6} Thenfind: a.AxBXxC b.AxAXA

Ans. a. AxB={(1,3), (1, 4), (2, 3),(2,4)}

AxBxC={(1,3,4),(1,4,4),(2,3,4),(2,4,4),(1,3,5),(1,4,5),(2,3,5), (2,4,5), (1, 3, 6),
(1, 4,6), (2,3, 6), (2,4, 6)}

b. AxA={(1,1),(12), (2 1), 2} A={1,2}
AxAxA={(1,1,1), (12 1), (2 1,1), (2 1), (1 1,2) (12 2), (2 1,2), (2 2, 2)}

SOME THEOREMS ON CARTESIAN PRODUCT OF SETS

In this section, we intend to study some results on cartesian product of sets which are given as theorems.

1. Foranythree setsA, B and C, we have

AxBuUC)=(AxB)U(AxC) (iAXx(BNC)=(AxB)n(AxC)

For any three sets A, B and C, we have Ax(B-C)=(AxB)-(AxC)

If Aand B are any two non-empty sets,thenAxB=BxA< A=B

IfAcB,then AXAcCc (AxB)n (B xA)

IfAc B,then AxCc B x CforanysetC.

fAcBand CcD,then AxCcBxD

For any sets A, B, C and D, we have (AxXxB) n(CxD)=(AnC)x (BnD)

Corollary: Forany setsAand B, (AxB)n(BxA)=(AnB)x (BNA)

8. Foranythree sets A, B and C, we have
MAx B UC)Y=(AxB)n(AxC) (i)Ax(B' nC)Y=(AxB)u(AxC)

9. LetAand B be two non-empty sets having n elements in common, then A x B and B x A have n?
elements in common.

10. LetAbe anon-empty set suchthatAx B=Ax C. ThenB =C.

No g eDd
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ILLUSTRATIONS

1.

Sol.

2.

Sol.

3.

Sol.

4,

Sol.

Sol.

Sol.

Sol.

Sol.

Find xand y, if (x + 3,5) = (6, 2x +y)

x+3,5)=(6,2x+y) =>x+3=6and5=2x+y =x=3and5=6+y =>y=-1
P={7,8,,Q0=1{5,4,2},findPxQ,QxP

PxQ={(7,5),(7.4),(7,2),(8,5).,(8,4), (8, 2)}; QxP={(5,7),(4,7),(2,7), (5, 8), (4, 8), (2, 8)}
IfAx B ={(a, x), (a,y), (b, x), (b, y)}. Find Aand B?

A={a, b}, B={(x,y)}

A={1,1},findAxAxA

AxA={(-1,-1), (-1,1),(1,-1), (1, 1)}
AxAxA={(-1,-1,-1),(-1,-1,1),(-1,1,-1),(-1,1,12),(1,-1,-1),(2,-1,2),(1,12,-1),(2, 1, 1)}
A={1,2)},B={1,2,3,4},C={5,6},D=1{5,6, 7, 8}. Verify that:

Ax(BNC)=(AxB)n(AxC) (i) Ax Cis asubset of B x D.
i) AxBNC)=(AxB)n(AxC)

BNAC=¢

Axdé=¢ L. 1)

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

AxC={(1,5), (1, 6), (2,5), (2, 6)}

AxB)n(AxC)=¢ ... 2

Clearly, from equation (1) & (2),AX (BN C)=(AxB)n (AxC)
(i) A x Cis a subset of B x D.

AxC={(1,5),(1,6), (2, 5), (2, 6)}

B x D ={(1, 5), (1, 6), (1, 7), (1, 8), (2, 5), (2, 6), (2, 7), (2, 8), (3,5), (3, 6), (3, 7), (3, 8), (4, 5),
(4,6), (4,7), (4,8)}
Clearly, AxCcBxD
A={1, 2}, B={a, e, i,0, u}, number of subsets of A x B?
N(AxB)=n(A)n(B)=2x5=10
If ‘n’ number of elements in a set, then total number of subset are = 2" = 210 = 1024
Cartesian product A x A has 9 elements among which are found (-1, 0) & (0, 1) find set A & remaining
elements of Ax A.
n(AxA) =n(A). n(A) =n(A)? =9 = n(A) =3 ; AxAhas elements = (-1, 0), (0, 1)
o =1,0,1e€A; A={1,0,1}
Other elements of AX A = (-1, -1), (-1, 1), (O, 1), (0, 0), (1, -1), (1, 0), (1, 1)
IfA={1,4},B={2, 3,6}and C ={2, 3, 7}, then verify that
NAxBuUC)=(AxB)U(AxC) (iIAXx(BNC)=(AxB)n(AxC)
We have, A={1,4}, B={2,3,6}and C={2, 3,7}
(i) TofindAx (B u C)
BuC={2,3,6}u{2,3, 77 =BuUC={2,3,6,7}
~AxBUC)={1,4}x{2,3,6,7}={(1,2),(1,3),(1,6),(1,7), 4, 2),4,3), (4,6), 4, 7)}...0»0
To find (Ax B) U (Ax C)
AxB={(1,2),(1,3),(1,6),4,2),(4,3),4,6)andAx C={(1, 2),(1,3),(1,7), (4, 2),(4,3), 4, 7)}
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L~ (AxB)U(AxC)={(1,2),(1,3),(1,6),(1,7),(4,2),(4,3),(4,6), 4, 7)}...(0
From Egs. (i) and (ii), we get, Ax (BuUC)=(AxB) U (AxC)
(i) To find Ax (B n C)
BnC={2, 3}
L Ax(BNC)={1,4}x{2,3}={(1, 2), (1, 3), (4, 2), (4, 3)} ....(iii)
To find (Ax B) n (Ax C)
AxB={(1,2),(1,3),(1,6),(4,2), (4 3), (4 6)}
AxC={1,2),(1,3),(1,7) (4 2),(423),47)}
L (AxB)n(AxC)={(1,2), (1, 3),(4, 2), (4,3)}....(Iv)
From Egs. (iii) and (iv), we get, Ax (B n C) = (A x B) n (A x C) Hence Verified.

0. If R is the set of all real numbers, what do the cartesian products R x R and R x R x R represent?

Sol. The cartesian product of the set R of all real numbers with itself i.e., R x R is the set of all ordered pairs
(x, y) where x,y € R.

In otherwords, Rx R={(X,y) : X,y € R}

Clearly, R x R is the set of all points in XY-plane. The set R x R is also denoted by R?.
Similarly, we have Rx R xR ={(x,y,2):X,y,Z € R}

Clearly, it represents the set of all points in space.

The set R x R x R is also denoted by R3.

10. LetA={-1,3,4}and B ={2, 3}. Represent the following products graphically i.e., by lattices:
(YAxB (i) AxA
Sol. (i) We have,Ax B ={(-1, 2), (-1, 3), (3, 2), (3, 3), (4, 2), (4, 3)}
In order to represent A x B graphically, we follow the following steps:
(a) Draw two mutually perpendicular lines one horizontal and other vertical.

(b) On the horizontal line represent the elements of set A and on the verticle line represent the
elements of set B.

(c) Draw vertical dotted lines through points representing elements of Aon horizontal line and horizontal
lines through points representing elements of B on the vertical line. Points of intersection of these
lines will represent A x B graphically.

Ay
(-1, 3),----3- ------------ (-3-17:-3?--0.(4, 3)
-1, 2);'" yrTT (32)"(4 2)
‘1o 54

(i) We have, AxA={-1, 3,4} x {-1, 3, 4}
={-1,-1), (-1, 3), (-1,4), (3, -1), (3, 3), (3, 4), (4, -1), (4, 3), (4, 4)}
Graphical representation of A x Ais shown in figure.

Ay
T ( -3-'-‘-1)7----1(4, 4)
(<) 1 v
( )i 3 @3,3): ?(43)
o 3 X
LD e,
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PRACTICE WORKSHEET@

1.

S T

10.

Find x and vy, if:

X 2 51
a. 5"‘11)’_5 “l3'3 b. 2(x+1),y)=(2x+2,3) c.(2(x+3),y)=(2x+2,5)
a. lfA={-1,1},B={1,2},findAxB Db.IfA={-4,3},findAxA. c.IfA={1,1}, findAxAxA.
LetA={1,2,3}and B={x:x e N, xis prime less than 5}. Find : a.AxB b.B xA.
ExpressA={(a,b):2a+b =05, a,b e W} as the set of ordered pairs.
IfA={1,2,3},B={3,4},C={1,3,5}Find: a.Ax(BuUC) b.(AxB)n(AxC)
IfA={1, 2, 3}, B={4}, C ={5}, verify that
aAx (BuC)= (AxB)U(AxC) b.Ax(BuUuC) =(AxB)n(AxC)
C.AX(BNC)=(AxB)n(AxC) d.AxB nC)Y=(AxB)u(AxC)

e.Ax(B-C)=(AxB) — (AxC)
Find sets Aand B, IfAxB={(a,1), (b,1), (b,3), (a,3), (a,2), (b,2)}

LetAand B two sets such thatn (A) =3 andn (B)=2. IfAx B ={(x, 1), (v, 2), (z, 1)}. If X, y, z are distinct,
then find the sets A & B.

Let A and B be two sets such that A x B consists of 6 elements. If three elements of A x B are:
(1, 4), (2,6), (3,6). Find AxB and B x A.

IfA={1, 2}and B = {3, 4}. Find A x B. List how many subsets will A x B have?

Arelation R from a non empty set Ato a non empty set B is a subset of the cartesian product A x B. The
subset is derived by describing a relationship between the first element and the second element of the
orderd pairsinAx Bi.e.,, RcAxB.

NOTE:

a. If (a, b) € R, then we write it as a R b and we say that a is related to b by the relation R.
b.If (a, b) ¢ R, then we write it as a R b and we say that a is not related to b by the relation R.
eg: Consider the two sets A ={a, b} and B = {akash, bharat, sunil, rahul, bhaskar}

The cartesian product of Aand B has 10 ordered pairs i.e., A x B ={(a, akash), (a, bharat), (a, sunil),
(a, rahul), (b, akash), (b, bharat), (b, sunil), (b, rahul), (a, bhaskar), (b, bhaskar)}

Now, we can obtain a subset of A x B by introducing a relation R between the first element a and the
second element b of each ordered pair as

R ={(a, b) : ais the first letter of name b, V a € A, b € B}

Then R ={(a, akash), (b, bharat), (b, bhaskar)}
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EXAMPLE

1.

Sol.

Sol.

A={4,9,16},B={1,-1,2,-2,3,-3,5,-5}
R={(@a b):a=Db%acA, beB}

R={4 2),(4,-2),(9,3), (9, -3)}

\
1

IfA={a, b, c,d}, B={p,q,r, s}, then which of the following are relations from Ato B.
Ry ={(@ p), (b, 1), (c, s)} b. R, ={(a, b), (c, s), (d, n}

-Ry={(a p). (& a). (d, p). (¢, 1), (b, N} d.R,={(a p). (@, a), (b, s). (s, b)}
. R, cAxB. Hence R is arelation from Ato B.

o)}

c
a
b. (g, b) ¢ Ax B. Hence R, is not a relation from Ato B.
c. R;cAxB. Hence R, is a relation from Ato B.

d

.(9,a) & (s, b) ¢ Ax B. Hence R, is not a relation from Ato B.

REPRESENTATION OF A RELATION

A relation can be represented algebraically by roster form or by set-builder form and visually it can be
represented by an arrow diagram which are given below

(1

(I1)

()

ROSTER FORM: In this form, we represent the relation by the set of all ordered pairs belongs to R.
e.g., Let Ris arelation fromsetA={-3,-2,-1,1, 2, 3} to set B ={1, 4, 9, 10} by the rule

aRb < a?=b
Then, in roster form, R can be written as R = {(-1, 1) (-2, 4) (1, 1) (2, 4) (-3, 9) (3, 9)}
SET-BUILDER FORM: In this form, we represent the relation R from set Ato set B as
R={(a, b):a €A, b e B and the rule which relates A and B}

111
e.g., LetRis a relation from setA={1, 2, 4, 5}, to set B = {1525}

such that R = {(1, 1) [23[4%}[53}

1
Then, in set-builder form, R can be written as R = {(a, b):acAbeBandb= g}

Note: We cannot write every relation from set Ato set B in set-builder form.

ARROW DIAGRAM: To represent a relation by an arrow diagram, we draw A B
arrows from first element to second element of all ordered pairs belonging
to relation R.

e.g..Let R={(1, 3), (2, 5), (3, 6), (2, 6), (2, 3)} be a relation from
setA={1, 2, 3,4}tosetB={3,4,5, 6}.

Then by an arrow diagram, it can be represented as
Note:
() If R = ¢, then R is called an empty relation. (ii) If R = A x B, then R is called the universal relation.

(i) If R, and R, are two relations fromAto B, then R; UR,, R, "R, and R, — R, are also relations
from Ato B.

\

A

<
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ILLUSTRATIONS

1.

Sol.

Sol.

TOTAL NUMBER OF RELATIONS

Let A, B are two non-empty finite sets containing m and n elements, respectively then number of ordered
pairs in (A x B) is mn.
.. Total Number of subset of A x B is 2Mn
Hence total number of relation from set Ato set B is 2M", as each relation from Ato B is a subset of A x B.
Among these 2™ relation the empty relation ¢ and universal relation A x B are trivial relation from Ato B.
e.g. IfA={a, b} and B = {2, 3}, then find the number of relation from Ato B.
Sol. Number of subsets of A x B = 2"(AxB) = 24

So, the number of relations from Ato B is 16.

DOMAIN, CO-DOMAIN, RANGE OF RELATION
Let us consider the relation from Ato B, such that R = {(a, b): a e Aand b € B}
DOMAIN

The set of all first elements of the ordered pair in a relation R from a set Ato set B is called the domain of
the relation R. i.e. Domain (R) ={a: (a, b) € R}

RANGE

The set of all the second elements of the ordered pair in a relation R from set Ato set B is called the range
of the relation, i.e. Range (R)={b: (a, b) € R}

CO-DOMAIN

The set B is known as the co-domain of Relation R from set Ato B.

Note: Range < Co-domain

IfA={1, 2, 3}, B={4, 5, 6}, which of the following are relations from A to B? Give reasons.
a.R,; ={(1,4),(1,5), (3, 6), (2 6), (3, 4)} b.R,={(4, 2), (2, 6), (5, 1), (2, 4)}
a. Clearly R, cAxB.

So, itis arelation fromAto B.
b. Since (4,2) e R, but (4,2) ¢ AxB.

. R, is not a relation from A to B.

Define Arelation R on the set N of natural number by R={(x,y):y=x+5,x< 4,Xx,y € N}.
Depict this relationship using: a. roster form b. arrow diagram c. Write domain and range
R ={(x, y): y =x+ 5, xis a natural number less than 4, x, y € N}

a. In roster form, R = {(1, 6), (2, 7), (3, 8)}

b. arrow diagram / \

c.domain={1, 2, 3}, range ={6, 7, 8}
A={1,2,3,4,5, 6}. Let R be the relation on Adefined by {(a, b) : a, b € A, a divides b}
a. Write R in roster form b. find the domain of R c. find the range of R.
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Sol. A={1,2, 3,4, 6}and Ris arelation on Adefined by {(a, b) :a € A, b € A, a divides b}
R={1,1), (1, 2), (1, 3),(1,4), (1 6), (2 2),(2,4),(26), (3 3), (3, 6), (4, 4), (6, 6)}
Domain (R) ={1, 2, 3, 4, 6}, Range (R) ={1, 2, 3, 4, 6}

4, IfR={(x,x+5);xe(0,1,2,3,4,5)}, find the domain and range of the given relation?
Sol. R={(x,x+5);xe{0,1,2,3,4,5}}
Domain (R) ={0, 1, 2, 3, 4, 5}, Range (R)={5,6, 7, 8,9, 10}

5. IfA={x,y, z}, B={1, 2} are two sets then find the number of relations from A to B?
Sol. AxB={(x,1), (x,2), (¥, 1), (v, 2), (z, 1), (z, 2)}
Total number of relations = 26 = 64
6. Let R be the relation on Z defined by R={(a, b):a € Z,b € Z,a— b isan even integer}. Find the domain and
range of R.
Sol. R={(a,b):aeZ,beZ a-bisaneveninteger}
(a—Db)is aneven integer, provided a, b are both odd or both even
. R={(a, b) : aand b are even integers} U {(a, b) : a and b are odd integers}

. Domain (R) = Z, Range (R)=Z
7. LetA={1,2,3,4}&B={1,4,9, 16, 25} & R be a relation defined fromAtoBasR={(x,y):xeA,y B
andy = x?}
a. depict this relation using arrow diagram b. find domain of R
c. find range of R d. write co-domain of R

Sol. R={(x,y):xeA,yeBandy=x?%

Domain (R) ={1, 2, 3, 4}, Range (R)={1, 4, 9, 16}, Co-domain (R) = {1, 4, 9, 16, 25}

8. Let R be arelation on N defined by R ={(a, b) : a, b € N and a = b?} are the following true?
a.(a,a)eRforallaeN b.(a,b)eR=((b,a)eR ¢c.(a,b)eR,(b,c)eR=(a,c)eR
Sol. a. lItistrue fora=1only
= as 1 =12butfor (2, 2), (3, 3) etc. It is not true.
. (a,a) ¢ RforallaeN
b. If(@,b) e R=>a=b?andif (b,a) e R

= b =a?
(2,4) = 2 # 42
(4,2) = 4 =22

- (@, b) e R=(b,a) € Ris not ture.
c. If(a,b)eR=a=b? (b,c)eR

=b=c? (@, c)eR=a=c?

(16,4) e R=> 16 =42

(4,2 eR=4=2?but(16,2) ¢ R

.. this statement is not true.
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PRACTICE WORKSHEET@

1. a.lfA={1, 2}, B={3, 4}. Find the possible number of relation from A — B, hence list them.
b.IfA={1, 2, 3,4} B={2, 3, 5, 7}. Find the possible number of relations from B— A, hence list them.
c. IfA={0,1}, list all the relations on A.

2. LetA={1,2,3,4,5, 6}. Define arelation RfromAtoAby R={(x,y):y=x+1}
a. Depict this relation using an arrow diagram. b. Write down the domain, co-domain, range.

3. LetA={1,2,3,....... , 14}. Define arelation R from Ato Aby R ={(x, y): 3x—y =0,where x,y € A}, find
Domain & Range. Also represent the arrow diagram.

4. LetR be therelation on the set N of natural numbers defined by
R={(a, b):a+3b=12, aeN,beN}. Find R, Domain and Range

5 Arelation R is define on the set integers Z and the relation is defined by
R = {(x,y): X2 + y2 = 25}, find Domain, Range.

6. A={1,2,3,5}and B={4, 6, 9}. Define a relation R fromAto B by

R ={(x, y): the difference between xand y isodd, x € A, y € B}, write roster form and hence find Domain and
Range.

7. Arelation R is defined from a set A={2, 3, 4,5}toasetB ={3, 6, 7, 10} as follows : (X, y) € R X is
relatively prime to y. Express R as a set of ordered pairs and determine its domain and range.

8. Determine the R, domain and range for the given relation of R in the following cases:

a.R={x+1,x+5): xe{0,1,2,3,4,5}} b. R={(x, x3): x is a prime number less than 10}
9. LetR be arelation from Q to Q defined by R={(a, b):a,b € Qand a—b € Z}. Show that :
a.(a,a)eRforalla e Q b. (a, b) e Rimpliesthat (b, a) e R

c.(a,b)e Rand (b, c) e Rimpliesthat (a, c) € R.

10. Letarelation R, onthe set R of all real numbers be defined as (a, b) e R< 1+ab>0foralla,b € R. Show

that: () (@,a) e R foralla e R. (i) (@, b) e R, = (b,a) e R, foralla,b e R
ANSWERS

l.a.x=2;y=1 b.xeR,y=3c.novalue forxandy for which ordered pair equal

2.a.{(-1,1),(-1,2),(1,1),(-1,2)} b.{(-4,-4),(-4,3),(3,-4), (3, 3)}
c.{(-1,-1,-1),(-1,-1,1),(-1,12,-1),(-1,1,1),(2,-1,-1),(1,-1,1),(1,1,-2), (2, 1, 1)}

3.a.{(1,2),(1,3),(2,2),(2,3),(3,2),(3,3)} b.{(2,1),(2,2),(2,3),(3,1),(3,2),(3,3)}

4.{0,5), (1, 3), (2, 1)}

5.a.{(1,1), (1,3),(1,4),(1,5),(2,1),(2,3),(2,4),(2,5), (3,1), (3,3),(3,4), (3,5}
b.{(1,3), (2, 3), (3, 3)}

6. a.yes, b.yes, c.yesd. yese. yes

7.A={a,b}, B={1,2,3}

8.A={vy,2z}, B={1,2}

9.AxB={(1,4),(1,6),(2,4),(2,6),(3,4), (3,6)}and BxA={(4, 1), (6, 1), (4, 2), (6, 2), (4, 3), (6, 3)}

10. Ax B ={(1, 3), (1, 4), (2, 3), (2, 4)} and 16 subsets.
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PRACTICE WORKSHEET@

1.a.16, b. 2%, c. 16 and possible relations are ¢, {(0,0)}, {(0,1)}, {(1,0)}, {(1, 1)}, {(0, 0), (0, 1)}, {(O, 0), (1, O)},

(] a b~ WD

o

{(0,0), (1, 1)} {(0, 1), (3, 0)}, {(0, 1), (2, 1)}, {(1, 0), (1, 1)}, {(0, 0), (0, 1), (1, 0)},{(0, 0), (O, 1), (1, 1)}, {(0, 0),
(1,0), (1, D} (0, 1), (1, 0), (1, 1)}..{(0, 0), (0, 1), (2, 0), (1, 1)}

.Domain ={1, 2, 3, 4, 5}, Range ={2, 3, 4, 5, 6} & Co —domain=A

.Domain ={1, 2, 3, 4}, Range ={3, 6, 9, 12}

.R={(9, 1), (6, 2), (3, 3)}, Domain ={9, 6, 3} & Range ={1, 2, 3}

.R={(0,5), (0,-5),(3,4),(-3,4),(3,-4),(-3,—4),(4,3),(-4,3),(4,-3),(-4,-3),(5,0), (-5,0) }

Domain ={0, 3, -3, 4, -4, 5,-5}, Range : {0, 3, -3, 4, -4, 5, -5}

.R={(1,4),(1,6),(2,9), (3, 4),(3,6), (5, 4), (5, 6)}, Domain ={1, 2, 3, 5} and Range = {4, 6, 9}

.R={(2,3),(2,7),3,7), (3,10), (4, 3), (4, 7), (5, 3), (5, 7)}, Domain = {2, 3, 4, 5} and Range = {3, 7, 10}

.a.R={(1,5), (2, 6), (3,7), (4,8), (5,9), (6, 10)}, Domain ={1, 2, 3, 4, 5, 6} and Range = {5, 6, 7, 8, 9, 10}
b.R={(2, 8), (3, 27), (5, 125), (7, 343)}, Domain = {2, 3, 5, 7} and Range = {8, 27, 125, 343}

FUNCTION AS A RELATION

Arelation f from a non empty setA to a non-empty set B is said to be a function, if every element of setA
has one and only one image in the set B.

In other words, we can say that a function f is a relation from a non empty set Ato a non empty set B such
that the domain of f is Aand no two distinct ordered pairs in f have the same first element.

If f is a function from a set Ato a set B, then we write

f :A>BorA —— Banditis read asf is a function from Ato B.
If (a, b) e f=f(a) = b here, ‘b’ is called the image of ‘a’ under f & ‘a’ is called the pre-image of ‘b’ under f.
A function is also known as mapping or map.

e~

e Not a function e It's function e Not a function e It's a function
e ‘a’ element has e Everyelement of setA e ‘d’ element of e every element has one
two image. has image one and only  set A has no image and only one image

e b & c have same image.
Characteristics of a functionf: A—> B
(i) Foreach elements x € A, there is unique elementy e B.
(i) The elementy e B is called the image of x under the function f. Also, y is called the value of function
fatxi.e., f(x)=y.
(i) f:A— Bisnota function if there is an element in A which has more than one image in B. But more
than one element of Amay be associated to the same element of B.
(iv) f:A— Bisnota function, if an element in A does not have an image in B.
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EXAMPLE

1.

Sol.

Sol.

LetA={2, 3, 4}, B={3,4,5}andf, f,, f; be three subset of A x B defined as

f, ={(2,3), (3, 4), (4, 5)}

f,={(2,3). (2, 4), (3, 4), (4, 5)}

f;={(2, 4), (3, 5)}

f, is a function from Ato B, since every element of A has one and only one image in set B.
f, is not a function, since 2 € Ahas two image in B

fy is not a function, since 4 € A has no image in B.

Is the given relation a function? give reason for your answer.

a. h={4,6),(3,9), (-11, 6), (3, 11)} b. f={(x,x)|xIisareal number}

c. g={(x, 1/x) | x is a positive integer} d. s={(x, x?) | xis a positive integer}

e. t={(x, 3) | xis areal number}

a. Since, 3 has two image so it is not a function.

b. Since every element has unique image, hence it is a function.

c. Clearly, itis a function.

d. Clearly, itis a function.

e. ltisafunction, whether all the first elements of all ordered pairs have the same image but they all

have one & only one image.

DOMAIN, CO-DOMAIN AND RANGE OF A FUNCTION

If a function is defined from a setAtosetB. i.e.,f:A—>B

Then, Set A= Domain of function f

Set B = Co-domain of function f

The set containing the images of the elements of set A is called the range of f
i.e., Range of f = {f(x) : x € A}

Range < Co-domain

EXAMPLE

1.

Sol.

Sol.

Ifx,y € {1, 2, 3, 4}, then show that f, f, and f, are function or not where.
f,={x,y):y=x+1}and

f,={(x,y :x+y=5)}and

f={x, y) : x+y>4}

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

f,={(1,4). (2, 3), 3, 2), (4 1)}

f3={(1,4).(2,3).(2,4), 3, 4), (4. 1), (4. 2), (4.3), (3, 2)}
Clearly, f, & f, are not function.

and f, is a function

Domain (f)={1, 2, 3, 4}

Range (f)=1{1, 2, 3, 4}

X={1,2,3,4,5},Y={2,4,6,8, 10, 12, 14} f: X - Y defined by f (x) = 2x. Find domain & range?
f={(1,2), (2, 4), 3, 6), (4,8), (5 10)}

Domain (f)=X={1, 2, 3, 4, 5}

Range (f)={2, 4, 6, 8, 10}
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ILLUSTRATIONS

1.

Sol.

Sol.

3.

Let X =R, Y =R, thenthe subset f ={(x, x3) : x e R} of R x Ris a function R to R find domain & range?

Sol. Domain of (f) =R

Rnage of (f)=R

IDENTIFICATION OF A FUNCTION WITH ITS GRAPHS

If we draw a line parallel to y-axis. Then if the line intersect the graph of the expression in more than one
point, then the expression is a relation else, if it intersect at only one point, then the expression is a function.

Y Y
\ X ! Yox
_/
Relation Function

EQUAL FUNCTIONS

Two function f and g are said to be equal iff

a. domain of f = domain of g

b. Co-domain of f = co-domain of g

c. f(x) = g(x) for every x belonging to their common domain and then we write f =g

EXAMPLE

1.

2.

LetA={1,2},B={3,6}andf:A— Bis given by f(x) =x?>+ 2 and g : A— B given by g(x) = 3x, Then,
we observe that f and g have the same domain & codomain
f(1) =3 =9g(1) and f(2) =6 = g(2). Hence, f=g
X2
f(x) = x, g(x) = ~ are not equal functions as domain of f(x) = R ; Domain of g(x) = R — {0}

Express the following functions as set of ordered pairs and determine their range.

a

AR f(X)=x2+1,VA={-1,0,2,4} b.g:A—>N,gX)=2x, VA={x:x e N, x<10}
a.

f-1)=(-1)*+1=2 f(0)=(0)>+1=1 f2)=(2)?+1=5 f(4)=(4)?>+1=17
f={(x, f(x)) : x e A} ={(-1, 2), (0, 1), (2,5), (4, 17)}
Hence, Range of f(x) ={2, 15, 17}

-g1)=2  g(2=4 9(3)=6 9(4)=8 9(5)=10 9(6) =12

9(7)=14 g(8)=16 g(9) = 18 g(10) = 20
g={(x, g(x): x e A} ={(1, 2), (2, 4), (3, 6), (4, 8), (5, 10), (6, 12), (7, 14), (8, 16), (9, 18), (10, 20)}
Range of g(x) = {2, 4, 6, 8, 10, 12, 14, 16, 18, 20}

LetA={1, 2}, find all the function from Ato A.

Let N be the set of natural numbers and the relation R be defined on N such that

R ={(x,y):y =2x; X,y € N}. What is the domain, co-domain and range of R. Is this relation a function?
If f : A— Ais a function, then f(1) can be chosen in two ways as we can have either f(1)=1 or f(1) = 2
Similarly f(2) =1 or f(2) = 2. Thus, f can be selected in four ways.

Sowe have, f={(1, 1), (2, 2)}orf={(1, 2), (2,1)} ; f={(1,1),(2, D}iorf={(,2), (2, 2)}
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Sol.

Sol.

Sol.

Sol.

Sol.

b.

R={(, 2), (2, 4), (3, 6), ...}
Since every elements of N is uniquely associated to an element of N under R, therefor R is a function
from N to N.

Domain={1, 2,3, ..} =N ; Co-domain =N ; Range ={2, 4, 8, ...} = set of even natural numbers.

If f and g are functions defined by f(x) = x? + 7, g(x) = 3x + 5. Then find each of the following

a.

a.

fFO-5) .
e. —, -

f(3) +g(-5)  b. f(1/2) xg(14) c. f(-2)+g(-1) d.f(t)—f(-2) e. w,iftﬂ

f(3) = (3)2 + 7 = 16, g(=5) = —15 + 5 = 10, f(3) + g(~5) = 6
1

1 29 1363

2 7 oo oo 58
.f2 =13 +7= 4,g(14)—47, 2 fx g(14) = ) =

f(=2)=(-2)2+7=11,9(-1)=3(-1) +5=2,f(-2) + g(-1) = 2
f(=2)=11,f(t)—f(-2)=t2+7-11=t2 -4
t?+7-32 t*-25 _ (t+5)(t-5)

ft = =t+5 ¢-t25
t—5 ' e t-5 t-5 (t-5) i j

Find domain for which the function f (x) = 2x?> — 1 & g(x) = 1 — 3x are equal
fX)=g(X) 22x°-1=1-3x=2x>+3x—-2=0=2x2+4x—x—-2=0 =2x(x+2)-1(x+2)=0

1

=>xX+2)(2x-1)=0 ie,x=-2, =.

2

For what value of x f (x) < g(x) V f(X) =2x+ 1, g(x) =4x -7
2X+1<4x-7 =8<2xi.e.,,4<x
= X € (4, )

Letf: R — R be given by f (x) = x2 + 3. Find a. {x : f (x) = 28} b. the pre-images of 39 and 2 under f.

a.

X2+3=28 = x2=25 = x=+5
= {x:f(x)=28}={5, 5}

. X?+3=39
(i) x*2=36 = X =16, Hence, Pre-images of 36 are + 6
(i) x> +3=2 = x2=-1

Since no real value of x satisfying the equation.
.. ‘2’ does not have any pre-image under f.

Letf={(1, 1), (2, 3), (0,-1), (-1, —3)} be a function described by the formula f (xX) = ax + b for some integer
a, b. Determine a, b and find f (x)

fQ)=1,f2)=3,f(0)=-1,f(-1)=-3

f(x)=ax+b
at x=1, a+b=1 ..(1)
atx=2,2a+b=3 .-(2)

Solving(1) & (2)=a=2,b=-1

= fx)=2x-1

Thus, f (0) & f (1) satisfy the equation
Hence,a=2,b=-1
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Sol.

1,ifxeQ
If f: R > R be defined as follows: f(x) = . Find:

-1,if xe¢Q
1
a. f(z} f(n), f(\/E) b.range of f c. pre-images of 1 and -1
1 1
a. EeQ:f(EJ=1 —n¢Q=f(m)=-1 =2 £Qefy2)=-1

b. Range of f={-1, 1}
c. Pre-image of 1 = set of rational numbers = Q
Pre-image of —1 = set of irrational numbers. i.e. x ¢ Q

PRACTICE WORKSHEET@

1.

Let X={1,2, 3,4}and Y ={1,5,9,11,15,16}. Determine which of the following sets are functions from X to
Y:

a.f,={(1,1),(2,11),(3,1), (4,15} b.f,={(1,1),(2,7),(3,5)} c.f;={(1,5),(2,9), (3, 1), (4,5), (2, 11)}
Write the following relations as sets of ordered pairs and find which of them are functions :
a.{x,y):y=3x,xe{1,2,3},y € {3,6,9,12}} b. {(x,y):y>x+1x=1,2andy =2, 4, 6}
c.{(x,y):x+y=3,%x,¥ €{0,1, 2, 3,4, 5}

LetA={1,2,3,4},B={1,5,9,11, 15, 16}and f={(1, 5), (2, 9), (3, 1), (4, 5), (2, 11)} Are the following true?
a. fis a relation from Ato B. b. fis a function from A to B.

Which of the following relation are functions? In case of a function, determine its domain and range.
{1, 2),(1,3), 2,5} (){2 1), @3, 1),(5 2)} (i) {(1, 2), (2, 2), (3, 2)}
Letf={(1, 4), (2, 2), (0, 5), (3, 1)} be a linear function from Z to Z. Find f(x).

Express the following function as sets of ordered pairs and determine their ranges:
LetA={9, 10, 11, 12, 13} and let f: A— N be defined by f(n) the highest prime factor of n.

If the function t which maps temperature in degree celcius into temperature in degree farrenheit is defined
9C
by t(C) = ?+ 32, then find: i. t(0) ii. 1(28) iii. t(=10) iv. the value of ¢, when t (c) = 212

Let A be the set of two positive intergers. Let f : A— Z* (set of positive integers) be defined by f (n) = p,
where p is he highest prime factor of n. If range of f = {3}. Find set A. Is A uniquely determined?

m
Let f be the subset of Q x Z defined by f = {[ij ‘meZ,ne’Zn# 0}_ Is f a function from Q into Z?
Justify your answer.
REAL FUNCTION
A function which has either R or one of its subset as its range is called a real valued function.

A function which has either R or one of its subset as range and domain both is called a real function.
Let f be a function define by f(x) = 2x + 1 from N to N then.

X 1 2 3 4
We have, f)=y | 3 5 7 9
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Domain={1,2,3,4,5..}cR
Range={3,5,7,9..}cR
Hence, it is a real function.

DOMAIN OF REAL FUNCTIONS

The domain of the real function f(x) is the set of all those real numbers for which the expression for f(x)
assumes real values only.

WORKING RULE FOR FINDING THE DOMAIN OF REAL FUNCTION
Polynomial function is always define for all real numbers, so its domain is R.
Steps for Rational Function

Step-I: Firstly put the denominator equal to zero and find the values of variable.

Step-Il: The values of variable obtained in step-I are those values at which rational function is not define.
So subtract the values from R to get the required domain.

EXAMPLE

3X-2

x? -1

Sol.x*-1=0=>x2=1=>x=+1
Domain € R —{-1, 1}

1. f(x) =

1
2. f(x)= m

Sol. Obviously,x—2>0
but here x — 2 # 0 {as in denominator O is not allowed}
Hencex—2>0=>x>2
Domain of f(x) =x e (2, «)

Sol. x> -5x+4=0
=X —4x—x+4=0
=>X(x—-4)-1(x—-4) =0
=x=1,4
Domain =R —{1, 4}

RANGE OF REAL FUNCTIONS
The range of a real function of a real variable is the set of all real values taken by f(x) at points in its domain.

Working Rule for Finding Range of Real Function

Lety =f(x) be a real function then for finding the range we may use the following steps:

Step-I:  Find the domain of the function y = f(x)

Step-ll:  Transform the equation y = f(x) as x = g(y) i.e., convert x in terms of y.

Step-lll:  Find the values of y from x = g(y) for which the values of x are real in the domain of f.

Step-1V: The set of values of y obtained in step-Iil be the range of function f. If ‘a’ is the least value of y and
‘b’is the greatest value of y, then range of f = [a, b]
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EXAMPLE

X
1. f(x)= 3——x find range?
Sol.3-x=0 =x=3
Domain of f(x) = R — {3}

X-2
y= 3-x =>yYB8-X)=x-2 =3y-xy=x-2 =3y+2=(y+1)x
3y+2
Find values of y for which the values of x are real in the domain of f.
3y+2

X=9(y) = y+1_ = xisreal,ify+120=y=-1

So, x = g(y) takes real values in R — {-1}
Hence, range of f = R - {-1}

2. f(x)= 4/16— x? find the domain and range of f(x)?
Sol. f(x) is defind when, 16 —x2> 0 =42-x?>>0 =>(@4-x)(4+x)>0

ove ®ve ove
—4 4

Domain € [-4, 4]

Range of f = lety=f(xX) =>y=,16-x2 =>V¥>=16-x> =x2=16-y? =x=,16-Yy?
Clearly, x will take real values if 16 -y?>0=y?-16<0 =(y—-4)(y+4)<0
@ve ove  @ve
-4 4

y € [-4, 4]

Alsoy = ,/16—x2 >0 forall x e [-4, 4].
Hence range of f(x) = [0, 4]

ILLUSTRATIONS

1. Find domain of the following functions:

3

" J1—cosx I x? -1 - X2 =3x+2 VxZ—=1

Sol.i. f(x)is defined when 1 —-cos x>0
aswe know -1 <cosx<1
1>-cosx>-1
2>1-cosx>0

. for f(x) to be defined, 1 —cosx#0=cosx=#1=x#2nm,Vnez
Hence, Domain of f(x) = R —{2nn : n € z}

HEAD OFFICE : B-1/30, MALVIYA NAGAR PH. 26675331, 26675333, 26675334
ALSO AT : H-36 B, KALKAJI PH. : 26228900, 40601840 AND E-555, 1ST FLOOR, NEAR RAMPHAL CHOWK, SEC-7 DWARKA PH. 9560088728-29 16



x®—x+3 _ _
f(x) is not defined when x?-1=0=>x?=1=x=-1,1

i ———
x*—1
-. Domain of f(x) =R —{-1, 1}
iii. for f(x) to be defined

x2—-3x+2>0

X2—2X—x+2>0

X(x=2)-1(x—-2)>0

x-1)(x-2)>0

@ve ove @ve
1 2

X € (=0, 1) U (2, )

iv. Clearly, f(x) is defined for
4—-x>0andx?2-1>0
x—4<0and (x-1)(x+1)>0
x<4andx e (-, 1) U (1, x)
X € (=0, =1) U (1, 4]

Hence, Domain (f) = (—w, =1) U (1, 4]

2. Find the range of the following functions?

2

i f(x) = 532 ii. f(x) = 1 + 3 cos 2x iii. f(x) = 1o 2 iv. f(x) = T2
Sol.i. f(x) = 532 for f(x) to be real, we must have 2 —x? = 0 = x = i\/E
. Domain of f(x) = R — {_\/E ﬁ}
Letf(x)=y.
Then, ¥ = 2y — yx2 2= - S Ak
en,Y—z_X2:> Yy—yXx¢=3=yXxe=2y—3=>x°= y =>x== y
2y -3
Now, x will take real value otherthan _ /2 , /2 fif, y >0
@ve ove @ve
0 3
2

3
y € (-, 0) U >’

3
Range of f(x) = (-, 0) U [E OOJ

ii. f(x) =1+ 3 cos 2x, Domain of f(x) = R,
y =1+ cos 2x

HEAD OFFICE : B-1/30, MALVIYA NAGAR PH. 26675331, 26675333, 26675334
ALSO AT : H-36 B, KALKAJI PH. : 26228900, 40601840 AND E-555, 1ST FLOOR, NEAR RAMPHAL CHOWK, SEC-7 DWARKA PH. 9560088728-29 17



as we know, -1 <cos 2x<1
-3<3c0os2x<3
—2<1+3cos2x<4
—2<y<4

Range of f =[-2, 4]
X2

1+ x?

.. Domain of f =R

ii. f(x) =

Clearly f(x) is defined for all x

x? y y
Now, y = -~ 3 =y +yx?=x2 :>y=x2(1—y):>x2=E =x=1 -y
ill tak [ value, if e >0
x will take real value, i 1-y 2
ove @ve Ove
0 1

yel[0,1)

Range of f =[O0, 1)
iv. f(x) = Ty

Clearly, Domain of (f) =R

For x =0, y = 0 and for all other x € R — {0}

X 1+ ,/1-4y?
= 2 = 2 _ = = T pa—
Lety T x? SYHYX=X2DYXe—-X+ty=0 =X 2y
Clearly, x will take real values, if
1
1-4y2>0 —=4y?-1<0 :>y2—Z§O
2)\772) =0
dve ove @ve
_1 1
2 2
22
11

-. Range of f = 2’9

Find Domain and Range of the following function.
2 _ —

i f(x) = <_3 i. f(x) = 12 iii. f(x) = 5 _sin3x iv. f(x) = 4
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Sol.i. Domain of f(x) = R — {3}

x* -9
X—3
Clearly, y takes all real values except 6
Range of f = R — {6}

Letf(x) =y Then,y = =>y=Xx+3 (o x#3)

i, f(x) =

1-x?
Domain of f: f(x) is not defined when
x2-1=0 =x?2=1 e, x=-1,+1
-. Domain of f =R — {1, 1}
1 )

Letf(x) =y :>y=1_x2 le,y—-yxc=1

-1
—x== y==

y

y-1

Clearly, x will take real values, if >0

®ve ove ®ve

y € (-0, 0) U [1, )
Hence Range f = (-, 0) U [1, )

ii. Aswe know, -1<sin3x<1forallxeR
1>-sin3x>-1
3>2-sin3x>1

.. 2-=sin3x#0
. f(x) is defined for all x e R
Domain of f = R

1 1
Now,1<2-sin3x<3forallxeR :gﬁmﬁl :>§5f(x)51

1
Range of f = [51}

- X
iv. f(x) = 4 f(x) is not defined when x—4=0i.e.,x=4

. Domain of f e R —{4}

Range

For any x € Domain (f), we have
4-x  —(x-=4)
x—4  x-4
Range (f) = {1}

foq) =
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PRACTICE WORKSHEET@

1. Find the domain of each of the following real valued function :

= % b. f(x) = = oo Xoex+l
a-109 = X—3 109 = Jx? -1 ¢. 1) = x2 —8x+12
2X+1 1

d.f) ="z e. f(x)= /x-2 f. f(x)=ﬁ
JX=2
g.f(x)z% h. f(x) = /4 — X* i f(X) = x2_9

2. Find the domain and range of each of the following real valued functions :

X—2 1
= x3 = — =
a. f(x) =x b. f(x) 3_x c. f(x) oy 1

1

d.f(x) = x*-169 e. f()=x-7 10 = =

3. Find the domain and range of each of the following real valued functions :

— X—2
)= —— : . : = 4x2 + +
a. f(x) 4 b. f(x) > c.f(x)=4xc+12x+ 15
3x-2, x<0;
4. Ifafunctionf:R — Rbe defined by f(x)=1 1 x=0; Find:f(1), f(-1), f(0); f(2).
4x+1 x>0

f(L.1) - ()
(L.1-1)

6. GivenA={-1,0,2,5,6,11}, B={-2,-1,0, 18,28, 108} and f(x) = x2—x — 2. Is f(A) = B?

5. If f(x) = x2, find

X+1
7. Iff(x)= 1 show that : f [f(x)] = x.

ax
8. Ify=1f(x)= ox—a

9. Find the values of b and c for which the identity f(x + 1) — f(x) = 8x + 3 is satisfied where f(x) = bx? + cx + d.
10. Iff(x) + 2f(1 — x) = x2 + 2 VX € R, then determine f(x).

ALGEBRA OF REAL FUNCTIONS

Letf: D, - Randg: D, — R be two real function with domain D, and D,, respectively. Then, algebraic
operations as addition, subtraction, multiplication and division of two real functions are given below

1. Addition of two real function: The sum function (f + g) is defined by
(f+9) (x)=f(x) +9(x), VxeD, nD,.

2. Subtraction of two real functions: The difference function (f — g) is defined by
(f-9) x) =f(x) —9(x), vx e D, nD,.

3. Multiplication of two real functions: The product function (f g) is defined by

show that : x = f(y)

HEAD OFFICE : B-1/30, MALVIYA NAGAR PH. 26675331, 26675333, 26675334
ALSO AT : H-36 B, KALKAJI PH. : 26228900, 40601840 AND E-555, 1ST FLOOR, NEAR RAMPHAL CHOWK, SEC-7 DWARKA PH. 9560088728-29 20



(fg) (x)=f(x).9(x), Vxe D, nD,.
4. Quotient of two real functions: The quotient function is defined by
f ) f(x)
W= NV xeD, nD,—{x:g(x)=0
a9 - {x: g(x) = 0}
5. Multiplication of a real function by a scale: The scalar multiple function cf is defined by
(cf)x)=c.f(x), Vx e D, and c is a scalar (real number)
Note: a. These operations are defined for real functions only on their commin domain.
b. For any real function f : D - R and n € N, we define

EFf.....H0) - () DK) _ fin v x e .

ntimes ntimes

EXAMPLE

f
1. fx)= & and g(x) = x then, find (f + g) (x), (f — g)(x), (f g)(x) and (EJX

Sol. f(x): D, » R

gx):D,—>R
D,=x>0=x¢€ [0, «]
D,=xeR

" Domain of (f + g)(x), (f — g)(x), (f 9)(x), (F9)(x) isD, "D, i.e., x>0
L (F+9) 09 = Vx +x = (f-9) () = x—x = (fg) ¥) = Jx x =x%2

(—j(X) 19 VxeD,nD,—{x:g(x)=0 =x=0Vx=0
g 9(x) ’ xeD,nD,—-{x:g(x)=0} =g(X)=x= X=

f
*. Domain of (EJ(X) =x>0,i.e, x e (0, )
f
(_j(X): ﬂ =x"7, Vx>0
g X

f
2. Letf(x)=x&g(x)=|x|, find (EJ(X)z ?

Sol. f: R > Ris defined as f(x) = x
g : R —> Ris defined as f(x) = |X|
Clearly, f + g have the same domain.
also,gx)=0=[x|=0=x=0

f
Therefore the quotient of f by g, i.e., a is a function from R—{0} -» R and is defined as

—:Lx>0
( j( )_ f(X) X
g

(X) X —=-1,x<0
—X
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SOME REAL FUNCTION AND THEIR GRAPHS

(i)

(i)

(iii)

(iv)

(v)

(vi)

Polynomial Function:

If a function f is defined by f (x) = a,x"+ a, x""1 + a,x"2+... + a, ; x + a, where n is a non negative
integer and a,, a,, a,,......... , @, are real numbers and a, # 0, then f is called a polynomial function of
degreen.

Algebraic Function:

y is an algebraic function of x, if it is a function that satisfies an algebraic equation of the form, P (x)
y'+P )Yy +P,,(X)y + P, (x)=0where nis a positive integer and P (x), P, (X)....... are
polynomialsin x. e.g.y = 7x is an algebraic function, since it satisfies the equation y2 — x2 = 0.

Note: & All polynomial functions are algebraic but not the converse.
< A function that is not algebraic is called Transcendental Function.

Rational Function:

X
A rational function is a function of the form, y =f (x) =%, where g (x) & h (x) are polynomials.
Identity function:

The function f : A— Adefined by, f(x) = x V x € Ais called the identity function on Aand is denoted by
I,. Itis easy to observe that identity function is a bijection.

'/

Here, Domain € R and Range € R
Constant function:

Afunction f : A— B is said to be a constant function, if every element of A has the same fimage in B.
Thusf:A— B;f(x) =c, VX € A, c € Bis a constant function.

Here, Domain € R and Range < {c}
Absolute Value Function / Modulus Function:

o o if x>0
The symbol of modulus function is f (x) = [ x| and is defined as: y = ’X’={ XX :f §< 0
y
£ 2
NP 3
< l » X
y=Ix

Here, Domain € R and Range < [0, «)
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Properties of Modulus Function:

(&) Foranyreal number x, we have \/F = x|
(b) Ifaand b are positive real numbers then:
()x*<a’?<o |x|<ae—-as<x<a
(i) x*>a’? < |x|>a<x<-aorx>a
(iija?<x’<b?ca<|x<boxel[-b,-alula,b]
(vii) Signum Function : (Also known as sign(x))

1 for x>0
A function f (x) = sgn (x) is defined as follows : f (x)=sgn (x)= 410 for x=0

-1 for x<0O
Y
A
|y=1ifx>0
< » X
o)
y=—1ifx>0
\4
y =sgn X
X
. : u; X#0
It is also written as sgn X = 3 x
0; x=0

Here, Domain € R and Range < {-1, 0, 1}

RICII F(x) % 0
Note: sgn f(x) = | f(x)
0; f(x)=0

(viii) Greatest Integer Function or Step Function :

The function y = f (x) = [x] is called the greatest integer function where [x] equals to the greatest
integer less than or equal to x. For example :

for —-1<x<0 ; [X]=-1; for 0<x<1 ; [x]=0
for 1<x<2 ; [X]=1 ; for 2<x<3 ; [x]=2 and so on.
y A
T3
2 —o
1 e—o
T3 2 1 1 2 3 5
—0 —1
—o -2
-3
\ 4
y=I[x]

Here, Domain € R and Range e Z (integers)
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(ix)

(x)
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Properties of greatest integer function :

(@) x-1<[x]<x (b) If mis an integer, then [x+m] = [x]£m.

0 , ifxisaninteger

©x=-X-1 (@) [X] +[-x] = {_1 . if x is not an integer

@ X+ £x+yl<[X]+[yl+1 () [xX]2k=x>k, wherek € Z
@ X <k=x<k,wherekezZ (h)[x]>k=x>k+1, wherekeZ

() [x] <k=x<k,wherek eZ () x+yl=X]+[y+x—[x]] forallx,y e R

k) [x] + X-i-1 + X-i-E +..+ X+n—_1 =[nx]. n € N.
() [+ | X+ - —| =[x,

SMALLEST INTEGER FUNCTION (CEILING FUNCTION):

For any real number x, we use the symbol [ x| to denote the smallest integer greater than or equal

to x.
For example: [4.71=5,[-7.2]1=-7[5]=5,[0.75]=1 etc.

The function f : R — R defined by f(x) =[ x| for all x € R is called the smallest integer function or the

ceiling function. It is also a step function.
Here, Domain € R and Range e Z (integers)

The graph of the smallest integer function is as shown in Figure.
Ya

-+ o—

- o—

y'v

PROPERTIES OF SMALLEST INTEGER FUNCTION: Following are some properties of smallest

integer function:
()[=nl==Inl,wherenez

(iy[x +nl=[x] +n,wherexe R—Zandn e Z (iv)[ x|+ [-x] ={

2[x]-1,ifxezZ
W) [xT+T=xT = {2@@ ,ifxeZ

Fractional Part Function:
Itis defined as, y = {x} = x—[X].

e.g. the fractional part of the number 2.1is2.1 -2=0.1and {-3.7}=0.3.
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The period of this function is 1 and graph of this function is as shown.

yT graph of y = {x}

-2

Here, Domain € R and Range < [0, 1)
(xi) Square Root Function:

The function f : R* — R defined by f (x) = ++/X is called the square root function.

Domain of the square root function is R* i.e., [0, ).
VA

1/2

y=X

<A
=)
Xy

A Z
(xii) Square Function:
The function f : R — R defined by f (x) = x? is called the square function.

Domain of the square function is R and its range is the set of all non-negative real numbers i.e. [0, «).
YA

i y=x'

X 0 X

yv
(xiii) Cube Function:
The function f : R — R defined by f (x) = x3 is called the cube function.

Domain function € R and Range function € R
YA

<

—

yvy

[S)
Xy

(xiv) Cube Root Function:
The function f : R — R defined by f (x) = x1/3 is called the cube root function.
Domain and range of the cube root function are both equal to R.
y.

1/3

y=X
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ILLUSTRATIONS

1.

Sol.

Sol.

Sol.

Find the quotient of the identity function by the modulus function.

Let f & g denote respectively, the identity function and the modulus function. Then,
f: R > Ris defined as f(x) = x and,

g : R > Rin defined as g(x) = |x|

clearly f & g have the same domain.

also,gx)=0=[x|=0=x=0

f
.. the quotientof fby g i.e., a is a function from R — {0} - R and is defined as

X
—=1,x>0
(j() f) _ x _Jx

909 x| X =71 %<0
—X

Find the product of the identity function and the reciprocal function.
Let f and g denote respectively the identity function and the reciprocal function. Then,
f: R —> Ris defined as f(x) = x for all x € R and

1
g: R—-{0} > Ris defined as g(x) = v for all x e R — {0}
we have, Domain (f) » Domain (g) =R n R — {0} = R — {0}
1
s fg(x) =f(x) g(x) = XX; =1forallx e R—{0}

Thus, fg : R — {0} - R is given by fg(x) = 1 for all x € R — {0}

Let f and g be two real function defined by f(x) = y and g(x) = (x + 4)3. Find the following:

+4
f 1 1
i.f+g ii.f—giii.fg iv. a v.2f Vi T Vii. a

Clearly, Domain of f(x) = R — {—4}, Domain of g(x) = R
. Domain (f) » Domain (g) = R — {4}

i. f+g:R—{-4}—> Risgivenby (f+g) (x) = f(x) + g(x) = (f + g)(x) = +(x+ 4= (x+4)* +1
| . ° yEs ° J +4 X+4

) _ o _ 1 1-(x+4)°
i. f-g:R-{-4}—> Risdefined as (f-g)(x) =f(x) —g(x) = (f—9)(x) = e (x +4)3= X1 4)

i fg:R—{-4} > Ris given by (fg)(x) =f(x) . g0 = 7~ x (x+ 4)*= (x + 4’

iv.  g(x)=(x+4)°
g(x):0:>(X+4)3:O:>x:_4
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Sol.

Sol.

Sol.

f
" Domain(a} = Domain (f) n Domain (g) — {x : g(x) = 0} = R — {-4}

f

f f(x) 1
Thus, ' R - {-4} > Riis given by (EJ(X) = =

g(x)  (x+4)*

2
V.  (2f)(x) = 2(f(x)) = i d

vi. We observe that f(x) = 0 forany x e R — {4}

forall x e R —{-4}

1
?:R—{—4}—>Risgivenby( J() 00 = = (x + 4)

3f(x) +1
f(x)+3

x—1
If f is a real function defined by f(x) = a1 then prove that: f(2x) =

we have, f(x) = o1
f)+1  x-1+x+1

f(x)—1 )y A (applying componendo and dividendo)

f(x)+1
= " 1-1(x)
{f(x)+1}_
_2x-1 _ 1) _26(x) +2-1+(x) _3f(x+1
Now, f(2x) = 51 =@ = W =12 = S0 1211-100 = @907 F013
+
1—f(x)

1-x
Ify =1(x)= Tox’ then show that x = f(y).

f _l—x
y =)= 1+ X
_1—x 1+x—-1+X 2X
—Y__ d+x _ 1+ X _ 14X _ _
Now, f(y) = 1+y 1+1—x_1+x+1—x_ > ~X =1y=
1+ X 1+ X 1+ X
= f(y), when y = f(x) =
x =f(y), wheny = f(x) = 1o x
X
If f(x) = | |,x¢o then show that [f(a) — f(—a)| = 2, when o = 0.
_ u_u _
If o> 0, then |f(a) — f(—a)| = ~ =|11-(1)|=
_ u_ﬂ I _
If a <0, then |f(a)) — f(—a)| = el T i =|-1-1| =
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7. Find the Domain of the following functions.

1 1

(i "= (il — (i) f0=——— (iv) )=
X=| x| JrrIx| N N

x| X,if x>0
Sol.- () 17 _y i x <0

Xx-x=0,if x>0
X=|x|= X+X=2x,if x<0

Xx—|x|<0forallx
. Domain (f) = ¢

. 2x,if x>0
Wx+Ix1=10itx<0

assumes real-values if x> 0
. Domain (f) = (0, «)

(i) x—[x]=0forx e Z
O<x—-[x]<1lforxeR-Z

. Domainof (f)=R-2Z
(iv)yx+[x]>0forallx>0
X+ [x]=0forx=0
x+[x]<Oforallx<O0

f(x) is defind for all x >0

. Domain (f) = (0, )

8. Find the range of each of the following functions:

x:4| () 760 sin (n4[x2 +1])

M fx)=|x=3] (i)fx)=1-|x-2] (iii)f(X)=|X y: 41

1

N

Sol. (i) Clearly f(x) is defined for all x e R

Domain (f) = R
Now, |x—3|>0forallxeR
0<|x=-3|<w
0<f(x) <o
. Range (f) = [0, )

(i) Domain (f) = R
Now, [x—2]>0

—|x=2|<0
1-|x-2]<1
fx)<1

Range (f) = (-0, 1]
(i) Domain (f) = R — {4}
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X=% 1 itx>a4
f(x) = X—4

~X=4) _ 1ifx<a

X—4
Range (f) = {-1, 1}
(iv) Value of sine function at multiple of = will be 0.
Range (f)=0
(v) asx—[x]=0forallxeZzZ
O<x—[x]<lforallxe R-Z
Domainof (f)=R-Z
Now, O<x—[x]<lforallxe R-Z

0< Jx-[x] <1
1

1< m <woforallxe R-Z

1<f(x) <o
. Range (f) = (1, »)
9. If[x]?-5[x]+6=0 (Where[.] denote the greatest Integer function). Then find the value of x.
Sol. Let[x] =t
We have, t2-5t+6=0
t2-3t-2t+6=0
tt-3)-2(t-3)=0
t=2,3
xX]=2 or [x]=3
x €[2,3) or X € [3, 4)
X €2, 4)
10. Draw the graph of the function. f: R — R such that f(x) = |x — 2|

X—-2,ifx>2
2-X,if x<2

Sol. Clearly,y=|x—-2|= {

1-x,x<0
11. The function f is defined by f(x) = <1 ,x=0. Draw the graph of f(x).
X+1,x>0
VAN N
\J\ //\’\X
+ N

0.1)
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PRACTICE WORKSHEET@

1.

10.

11.

12.

13.

Draw the graph for the following functions and hence find the domain and range:

a. constant function b. identity function

c. polynomial function of degree 2 and 3 d. rational function

e. modulus function f. signum function

g. greatestinteger function h. smallest integer function

i. fractional part function. j. all trigonometric fuctions

Draw the graph for the following functions and hence find domain and range:.
X—2 x? —4

a.f(x)=ﬂ b. f(x) = 12

Draw the graph for the following functions and hence find domain and range:

1-x, x<0 3-x, x>1 * o1
a. f(x) = L x=0 b. f(x) = 1 x=1 c.f(x) =1 * —1<x<1,
1+x, x>0 2%, x<1 -1, x<-1

Letf, g: R — R be defined, respectively by f(x) = x + 1, g(x) = 2x -3.
1 f
Findf+g, f—g, 2f, fg, and T and 9

Let fand g be real functions defined by f(x) = \/m and g(x) = \/m . Then find each of the following
functions:

a.f+g b.f-g c.fg d.f/g e. ff f. gg

Letf:[2, w)—>Randg:[-w,2) —» R be two real functions defined by

f(x) = Yx—2 andg(X) = \/x+2 . Findf +gandf-g.
Find the sum and difference of the identity function and the modulus function.
What are the sum and difference of the identify function and the reciprocal function?
Find the product of the identity function and the modulus function.
X—2 1-x

+ -
+2 1+Xx

Find domain of the following function:

Find range of following function.
X O X+2
D1 W xaz)

Find Domain & range at the following functions

(i) x— 1| (iv) e, x e R

1 1
M x- (i) X —x (i) " ] —x N

1 2x+1 _ 3
IFf(x) = X #= - then show that f {(fx)} = - ——, provided thatX #—— .

2x+1 2 2X+3
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ANSWERS

PRACTICE WORKSHEET@

1. a. Function, b. Not a function, c. Not a function
2.a.{(1,3), (2,6), (3,9)}; Function

b.{(1,4), (1,6), (2,4), (2,6)}; Not a function c. {(0,3),
(1,2), (2, 1), (3, 0)}; Function
3.a.Yes b.No
4. (i) Not a function (i) Yes, function Domain = {2, 3, 5},
Range ={1, 2}
(iii) Yes, function Domain = {1, 2, 3}, Range = {2}
5.f(x) =—2x+6
6.f={(9, 3), (10, 5), (11, 11), (12, 3), (13, 13)},
Domain ={9, 10, 11, 12, 13}, Range = {3, 5, 11, 13}

7032 i 22
. 1. 5

PRACTICE WORKSHEET@

1. a.R-{=24b. (-0, -1) U (1, w), c. R—{2, 6},
d. R - {1, 1}, e. [2, »), f. (o0, 1], 9.[2, 3),

iii. 14 iv.c=100 8.No 9. No

h.[-2,2],i. (~0,-3] U [3, «)
2. a. Domain =R, Range =R
b. Domain = R — {3}, Range = R — {-1}
1
c. Domain =R — {E} Range = R - {0}

d. Domain = (— o0, —13] U [13, «), Ramge = [0, «)
e. Domain = [7, o) Range =
f. Domain = (5, «), Range = (0, «)
3. a.Domain = R — {4}, Range = {-1}
b. Domain = R — {2}, Range = {-1}
4.f(1)=5, f(-1)=-5, f(0)=1, f(2)=95. 2.16. No

_ 2
9.b=4, c=_1 10, ¥=2"

PRACTICE WORKSHEET@

1. a. Domain=R, Range =k, b.Domain=R, Range =R
c. i. Domain = R, Range=[0, «)
ii.Domain = R, Range=k
d. Domain = R —{0}, Range = R —{0}
e.Domain = R, Range = Non negative real no.
f. Domain = R, Range ={-1, 0 1}
g. Domain = R, Range=Z h. Domain =R, Range =Z
i. Domain = R, Range = [0, 1)
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j. sin x : Domain = R, Range =
cosx : Domain = R, Range =[-1, 1]

[_1! 1]’

tan x : Domain =R — {(2n+l)%: ne Z} , Range
=Rcotx: Domain=R - {znﬁ ‘ne 7 },Range
=R

sec x : Domain=R - {(Zn +1)%:n € Z} , Range
= (o0, JU[L, )

cosecx:Domaian—{znﬁ ‘ne 7 },Range

(— 0, 1] U [1, oo)

a. Domain = R {2}, Range = {-— 1},
b. Domain (f) = R —{- 2}, Range (f) = R —{- 4}
3. a.Domain =R, Range =[1,x)
b
c

. Domain = R, Range = (w0, 1]
. Domain = R, Range = [-1,1]
4, (f+g)x=3x-2, (f—-g)x=—x+4,2f(x)=2x+2,

(f.g) (x) = 2x2 —x— 3 3(x)=i'“f‘l (ijx
9 o f x+1' g

X+1 3
“ox-3'% %>

ca.frg=x—2 +Ja_x
b.f-g=x-2+4-x* c.fg=(x+2)x-2
1

f
.g_m e.ff=x+2

6.f +g, f— g both does not exist

(621

d f.gg=4-x2

g 2x, If x>0 ¢ _ 0, If x>0
77797 0 i x<0@d TTIT gix<o
1 1
8. f+g=x+=and f-g=x-=
X X
fg- x? if x>0
Tk ifx<o 100
1. 01,1  @ELL i), = (V)[Le)

12. (i) D(f) = R, R(f) = [0, 1) (ii) D(f) = Z, R(f) = {0}
(i) D(f) = ¢ = R(f) (iv) D(f) = (=, 0), R(f) = (0, )

Cer



MISCELLANEOUS PROBLEMS

10.

11.
12.

13.

14.

15.

16.

17.

x?, 0<x<3

3x, 3<x<10’ The relation g is defined by

The function f is defined by f (x) = {

_ [ 0sxs2 Show that f (x) is a function and g(x) is a relati
g(x)= 3 2<x<10 ow that f (x) is a function and g(x) is a relation.

Let f be the sub setof Z x Z. Define as f={(ab,a+Db):a, b ¢ z}.is fa function fromzZ — Z?
Justify your answer.
Which of the following are functions?

a.{x,y):y’=x,x,y € R} b.{(x,y):y=1|x|, X,y € R}

c.{(x,y):x*+y?=1,x,y e R} d. {(x,y) : x¥>—y?=1,%,y € R}

If f is a function such that f(0) = 2, f(1) = 3 and f(x + 2) = (2x) —f(x + 1) for every real x then evaluate f(5).
1

Ifa,=xa_ ,,=f(@),n=0,1,2, ... find a, where f(x) = 1%

Find the domain of the function f(x) = \/5| x| —x* -6 .
Vi-[x]

Find the domain of the function f(x) defined by f(X)= 2 x|

Find domain and range of following functions.
X 1
: - > . A _
() 100 =/x? ~5x+6 09 = "7 5 (i) 0 = o=

. . . ] n n
Write the range of the function f (x) = sin [x], where e <X SZ :
If f (x) = cos [r?] x + cos [-n?] X, where [x] denotes the greatest integer less than or equal to x, then write
the value of f (x).

-7 T
Write the range of the function f(x) = cos[x], where o <X <E :

If f: R — [-1, 1] where f(x) = sin n/2[x] (where [*] denotes the greatest integer function) then find the range
of f(x).

Find the range of f(x) __2X-2
x?-2x+3
The function f : R — R is defined by f (x) = cos? x + sin* x. Then find the range of f (x).
-1, -2<x<0

If f(x) be defined on [-2, 2] and is given by f(x) :{x 1 0ex<2 & g(x) =1f(|x|) + [f(X)]. Find g(x).

ox
Letf(x) = 1l x # —1. Then write the value of a satisfying f(f(x)) = x for all x = —1.

H h of the di ¢ . f(x)zw.
Draw t e graph of the given function (X—l)(X—Z)
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EXEMPLAR EXERCISE

10.

11.

12.

13.
14.
15.
16.

OBJECTIVE TYPE QUESTIONS

Let n(A) =m, and n(B) = n. Then the total number of non-empty relations that can be defined fromAto B
is

(A) mn B)ynm-1 C)ymn-1 (D) 2m —1
Range of f(x) = 1-2c0s x is
1 1 1 1

(A) [gil} (B) [—1’ g} (€) (o —Du [g’ OOJ (D) [‘gil}
Let f(x) = \/1+ x2 . then
(A) fixy) = f(x) . f(y) (B) f(xy) 2 f(x) . f(y) (C) f(xy) <f(x) . f(x) (D) None
Domain of /g2 —x2 (a>0)is
(A) (-a, a) (B)[-a, a] (©) [0, a] (D) (=a, 0]
If f (x) = ax + b, where a and b are integers, f (-1) =—5and f (3) = 3, then a and b are equal to
Aa=-3,b=-1 (B)a=2,b=-3 (C)a=0,b=2 (D)a=2,b=3

_ _ _ x2+2x+1
The domain of the function f given by f (x) = )(2——)<—6
(A) R-{3, -2} (B) R—{-3, 2} (O R-{38,-2} (D)R-(8,-2)
The domain and range of the function f given by f (x) =2 — [x — 5] is
(A) Domain = R*, Range = (-0, 1] (B) Domain = R, Range = (—x, 2]
(C) Domain = R, Range = (—x, 2) (D) Domain = R*, Range = (-, 2]
The domain for which the functions defined by f(x) = 3x>— 1 and g(x) = 3 + x are equal to:

4 4 4 4
w5l e @3] o2

SHORT ANSWER TYPE QUESTIONS
fFP={x:x<3,xeN},Q={x:x=2,x e W} Find (P U Q) x (P n Q), where W is the set of whole numbers.
FA={x:xeW,x<2}B={x:xeN,1<x<5}C={3,5}then find: (i)Ax (B C) (i)Ax (BuC)

a
In each of the following cases, find a and b. (i) (2a + b, a— b) = (8, 3) (ii) (Z a- ZbJ =(0, 6+ D).

A={1,2,3,4,5},S={(x,y): x e A, y € A}, then find the ordered pairs which satisfy the conditions given
below:

)x+y=5 (i) x+y<5 (i)x+y>8

IfR, ={(x,y) |ly=2x+7,where x e Rand -5 <x < 5} isarelation. Then find the domain and Range of R,.
If R,={(x,y) | xandy are integers and x* + y> = 64} is a relation, find the value of R,.

If R, ={(x, |x]) | xis a real number} is a relation, then find domain and range of R,.

Express the following functions as set of ordered pairs and determine their range.
fx—>R,f(x)=x*+1,where X={-1,0,3,9, 7}
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LONG ANSWER TYPE QUESTIONS

17. Isg={(1, 1), (2, 3), (3,5), (4, 7)} afunction? Justify. If this is described by the relation, g (x) = ax + 3, then
what values should be assigned to oo and 3?

18. Re define the function: f(x) = [x — 2| + |2 + x|, -3 <x < 3.

£10) = “~2 then show that: ( f(EJ——f(X) i f(—%—_—l
19. Iff(x) = x+1’t en show that: (i) X (i) X )
1
20. Find the domain and Range of the function f (x) = —m .

MISCELLANEOUS PROBLEMS ANSWERS
2.No 3.a. No, b. Yes, c. No, d. No 4.13

xifn=3m,mel

1 .
5. 8, =) = ifn=3m+Lmel 6.[3,-2] U [2, 3] 7. Domain (f) = (=0, —2) U (2, o) U [1, 1]
X—_1ifn=3m+2,mel
X

8. (i) D(f) = (—0, 2] U [3, »), R(f) = [0, ») (ii) D(f) = (=0, —=3) U (2, ®), R(f) = (~0, 5 — 2./6 ] U [5 + 2./6 , =]
(iii) D(f) = (=4, 4), R(f) = [1/4, oo)

1 1
9.{-sin1, 0, sin 1} 10.0 11.[1, cos 1, cos 2] 12. {-1,0, 1} 13. {——2—2}
3 -X-1+1=-x, -2<x<0
14. [Z,l} 15. g(X) =< (x-1)-(x-1) =0, O<x<l1 16. o= -1.

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

EXEMPLAR EXERCISE ANSWERS
1.D 2.C 3.C 4B 5B 6.A 7.B 8A 9.{01),(072),(1),(12),(2 1), (2 2}

10.{(0, 2), (0, 3), (0, 4), (0, 5), (1, 2), (1, 3), (1, 4), (1, 5)} 11.()a= %1 and b = % ()a=0,b=-2

12. (i) The set of ordered pairs satisfying x +y =5s, {(1, 4), (2, 3), (3, 2), (4, 1)}.
(i) The set of ordered pairs satisfying x + <5is {(1, 1), (1, 2), (1, 3), (2, 1), (2, 2), (3, 1)}.
(i) The set of ordered pairs satisfying x +y > 8 is {(4, 5), (5, 4), (5, 5)}.

13.[-3, 17]. 14.R,={(0, 8), (0,-8), (8, 0), (-8, 0)}  15. Range of R, = R* LU {0} or (0, )

—-2X, —-3<x<-=-2
16.f={0,1,28,730,344}.  17.a=2,p=-1. 18._) 4  _2<x<2 20.R()=R".
2, 2<x<3
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