introduce relations between the two objects in pairs.

| O ! e.g. tan8 = ! 3 {relation between tan 8 and cot @)
cot

RELATIONS AND
FUNCTIONS
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Cartesian Product
ORDERED PAIRS

[f a pair of elements written in circular bracket and grouped together in a
particular order, then such a pair, is called an ordered pair. Ordered pair is
written by listing two objects in the specific order, separated by comma (+) and
enclosing the pair in parentheses.

e.g. The ordered pair of two elements a and & is denoted by (a, ) : a is first

element (or first component) and & is second element (or second component).
Two ordered pairs are equal if their corresponding elements are equal.

i.e. (a,8)=lc,d) = a=cand b=d

Graphically, ordered pair (&, &) represents & point in cartesian plane. So, ordered
pair (2. 3) implies that abscissa x = 2 and ordinate v=3.

Y
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[t is clear from the graph that ordered pairs (2, 3) and (3, 2) represent two
different points and hence they are not equal.

-

In our daily life, we come across many patterns that characterise relations such as brother
and sister, father and son, husband and wife. In Mathematics, there is a variety of
relations, whose knowledge is erucial. Each relation has its own meaning and significance.

In this chapter, we will learn how to link pairs of objects from two sets and then

Cartesian Product
Relations

Functions, Domain and
Range of Real Functions
Some Standard Real
Functions and Their Graphs
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Note

(i) An ordered pair is not a set consisting of two elements. The
order of two elements in an ordered pair is important and the
two elements need not to be distinct.

(ii) (a. b) # (b, &)

EXAMPLE |1]| Find the values of a and b, if
(i) (2a =5,4)=(5b+6) (i) (e=3,b+7)=(3,7)
Sel. We know that, two ordered pairs are equal, if their
corresponding elements are equal.
() (2a—54)=(5b+6)=>2a—5=5andd=b+6
[equating corresponding elements)
= Za=545andd-6=p
= 2a=10 and - 2=0§
= a=5and b=-2
(i) (a=3b+7)=(37)=a-3=3and b+7 =7
[equating corresponding elements)
= a=3+3and b=7-7
= a=6and b=0

CARTESIAN PRODUCT
OF TWO SETS

The set of all ordered pairs (4, &) such that € Aand be B,
is called the cartesian product of sets 4 and B and is denoted
by A x B.

Or
For two non-empty sets A and B, the cartesian product
A x B is the set of all ordered pairs of elements from sets
Aand B.
In symbolic form, it can be written as

AxB={(a,b):a€ A be B)

Method to Write Cartesian Product
of Two Sets

If two sets say A and B are given, then we can write the

cartesian product A X B with the help of following steps

Step 1 First, write the given sets in tabular form (if not

given in tabular form).

Step 11 Now, take an element from first set say A and form
all ordered pairs with this element as first element
and elements of ser B as second element.

Mow, choose another element from first set A and
form all ordered pairs with this element as first
clement and elements of set 8 as second clement.

Step 111

Step IV Repeat above steps for all elements of first set A and
get all ordered pairs.
Now, the set of all ordered pairs, obtained in steps I,
I and IV, represent the cartesian product A % 5.

EXAMPLE |2| Let A={a,b,c}and B={x: xe N, xis
a prime number less than 5}. Find A x Band B x A.
Show that 4 x B+ B x A.
Sol  Given sets are A = {a, b, ¢}
and B={x:x € N, x isa prime number less than 5} = {2, 3}
For element a of set A, all ordered pairs are (a, 2), (a. 3).
For element b of set A, all ordered pairs are (b, 2), (b, 3).
For element ¢ of set A, all ordered pairs are (¢, 2), (c. 3).
. Ax B={(a 2)(a 3), (b 2)(b, 3)(c. 2)(c, 3)}
For element 2 of set B, all ordered pairs are
(2 a) (2 b),(2¢c)
For element 3 of set B, all ordered pairs are
(3. a), (3 b), (3 c).
Bx A={2a)(2b).(2c).(3 a). (3 b). (3 €)}
(a, 2)#(2 a)
AxBzBx A

Since,

Note

If A x Bis given, then we can find B x A from it, just by reversing the
position of elements of each ordered pair.

eg If A xB={{4 5)(4 6) (7 57 6)}
then Bx A={(5,4) (6 4).(57), (6 7)}

METHOD TO FIND THE SETS
WHEN CARTESIAN PRODUCT IS GIVEN

Sometimes the cartesian product of two sets or some
elements of cartesian product of two sets are given and we
have to find the sets.

For finding these two sets, we write first element of each
ordered pair in first set say A and corresponding second
element in second set B (say).

EXAMPLE |3| IfA x B = {(a, 1), (b, 3). (& 3),
(b, ), (a, 2), (b, 2)}. Then, find 4 and B.

Sol. Here, first element of each ordered pair of A x B gives
the elements of set A and corresponding second element

=

gives the elements of set B.

A={a b} and B={,3 2}

Note

We write each element only one time in set, if it occurs more than
one time.

Number of Elements in Cartesian
Product of T'wo Sets
(#) If there are p elements in set 4 and g elements in set
B, then there will be pg elements in A x B ie. if
n(A) = p and n (B) = 4, then
n(AxB)= pq.
() If A and B are non-empty sets and either 4 or B is
an infinite set, then A % B will also be an infinite set.



(#i1) If A or B is the null set or an empry set, then A X B

will also be an empry ser i.e.
AxB=¢

MNote

If there are p elements in set A and g elements in set B, then the
number of subsets of A x B is 2°P9

EXAMPLE |4]| If the set A has 3 elements and set B has
4 elements, then find the number of elements in 4 x B.

Sol Given,n(A)=3andn(B)=4.
.. The number of elements in A x B is
n{AxB)=n({A)xn(B)=3x4=12

EXAMPLE |5| A and B are two sets given in such a
way that A x B contains 6 elements. If three elements of
A x Bare (1, 3), (2, 5) and (3, 3), find 4, B and
remaining elements of 4 x B.

Sol Itis given that (1, 3), (2, 5) and (3, 3) are in A X B. It

follows that 1, 2, 3 are elements of A and 3, 5 are
elements of B.

A={123}and B={35}
AxB=1{,23}x{3 5}

= ={(1,3), (1, 5).(2.3).(Z 5).(3, 3),(3, 5)}
Hence, the remaining elements of (A x B)are (1, 5),
(2,3), (3, 5).

EXAMPLE |6| The cartesian product P x P has 16
elements among which are found (g, 1) and (b, 2). Find the
set P and the remaining elements of P x P.

Sol Given, n(PxP)=16
= n(P)-n(P)=16
= n(P)=4 1]
Now, as (al)e Px P
RS ae Pandle P
Again, {b,2)e Px P
: be Pand2e P
= abl2e P
From Egs. (i), it is clear that P has exactly four elements.
P=lab12)}

Now, PxP={a, b1, 2}x{a, b1, 2}
={(a. a).(a. b).(a.1).(a 2).(b. a).(b, b).(b,1).(]. 2)
(1, a).(1, b),(1,1),(1, 2).(2 a),(2 b),(2.1).(2 2)}
Hence, the remaining elements of P x P are
(a. a).(a, b).(a, 2).(b, a).(b, b),(b.1).(1, a).(1, b).(1, 1),
(L2).(2 a).(2 b). (2 1) and(Z, 2)

EXAMPLE |7| Let Pand(@be two sets such thatn(P) =3
andn(Q) = 4. If (r, 4),(g.1),(w,3)and (r,9) are in P x @, then
find P and Q, where r,g, w are where distinct elements.
Also, write the remaining elements of P x Q.
Sel. Since,r, &, w are distinct elements and
(r,4).(g 1).(w. 3).(r. 9) are elements of Px Q.
srgwePand 1,3, 4,90
n(P)=3andn(Q)=4
P=1r. g w}
and Q=113 4,9}
Now, PxQ={r, g w}x{L 3 4, 9}
= {(r. (. 30, (r. 4).(r, 9).(g (g 3 (g 0)
(g 9).(w. 1).(w, 3), (w, 4) and(w, 9)}
Hence, the remaining elements of Px Q are (r, 1).(r, 3).
(g 3)(g 4).(g 9).(w,1),(w, 4) and (w, 9).

EXAMPLE |8| Let A = {1,2} and B = {3, 4}. How many
subsets will A x B have? List them.

Sol. Given, A={1,2}and B =13, 4}
= n{A)=2andn(B)=2
- Total subsets of A x B= 2°"? =2' =16
[ number of subsets = 2]
Subsets of A % B are
(1, 39401, ) {2, 3)) {2, ), {(1, 3), (1, 4)),
{(1,3), (2. 3)% (1, 3), (2, 4} {(1, 4), (2, 3)} {(1.4), (2, 4)},
{(2.3). (2. 9} (1. 3). (1. 1), (2, 3)) {(1. 3). (1, 4). (2. 9)},
1(1,3), (2, 3). (2 4) {(1, 4), (2, 3). (2, 9} (1, 3). (1, 9),
(2, 3), (2, 4)} and .

Graphical Representation of
Cartesian Product of Two Sets

Let A and B be two non-empty sets and let (4, &) be an
ordered pair, where 2€ 4 and f€ B. To represent it
graphically, we draw two mutually perpendicular lines OX
and OY intersecting each other at O and then we represent
the elements of set A on horizontal line OX and elements of
set B on vertical line OF by taking a suitable scale on OX
and OV,

The point of intersection of a vertical ¥
line through @ and horizontal line
through & represent the ordered pair
(a, b).

In this manner, we mark the points
corresponding to each ordered pair in
A x B. The set of points so obtained
represents A X B graphically.




METHOD TO REPRESENT CARTESIAN
PRODUCT OF TWO SETS ON GRAPH

We can represent the cartesian product of two sets on graph
by representing each ordered pair on graph.

For this, we use the following steps
Step 1 Write the given sets in tabular form (if not given in

tabular form).
Step 11 Find the cartesian producr of these two sets.
Step I Draw two perpendicular lines OX and OY (say)

intersecting at O and represent the elements of set A4
on OX and elements of set B on OY by raking a
suitable scale on OX and OF.

Step IV Draw vertical dotted lines through the points
representing elements of set 4 on OX and draw
horizontal dotted lines through the points
representing elements of set B on OV

Step V. The point of intersections of these line (draw in
step IV) represent the ordered pairs of cartesian
product i.e. elements of cartesian product of
given sets.

EXAMPLE |9] Let A = {-1, 3, 4} and B={2, 3}.
Represent the product A x B graphically.
Sol Given sets are A = {=1,3, 4} and B= {2 3},

which are in tabular form.
Now, AxB={(-1 2).(=1 3).(3, 2).(3, 3).(4, 2).(4, 3)}
Let us draw two perpendicular lines OX and OY
intersecting at O. Represent the elements of set A ie.
=1, 3, 4 on horizontal line OX and elements of set Bi.e.
2, 3on vertical line OY, by taking lem = lunit.
Draw vertical dotted lines through the points =1, 3and
4 of OX and horizontal dotted lines through the points
2 and 3 of OY. Points of intersection of these lines are
(=1, 2),(=1 3),(3 3),(3 2),(4,3)and(4, 2).

From Eqs. (i) and (ii), we have A x B Bx A
Graphical Representation Firstly, draw two
perpendicular lines, say OX and OY, intersecting at O.
A x B Toshow A X B graphically, we draw three
dotted vertical lines through 2, 4 and 6 of OX. Also,
draw two dotted horizontal lines through 1 and 4

of OY.

The point of intersection of these lines represents the
ordered pairs of A x B.

¥
UL — L.
S
I S e B 0
OET A
sb | e
| V4 o H
.
(2, 1) 4, 1) 16,1
B e
[ T B
X
o i 2 3 4 5 &

B x A Now, to show B x A graphically, we draw two
dotted vertical lines through 1 and 4 of OX. Also, draw
three dotted horizontal lines through 2, 4 and 6 of OY.
The points of intersections of these lines represents the
ordered pairs of B x A.

Thus, from the graph, we can see that ordered pairs of
A % B (denoted by black dots) have different position
from the ordered pairs of B x A (denoted by

coloured dots).

So ordered pairs of both cartesian product represent
different points on graph.

Hence, AxB#Bx A

The points so obtained represent the cartesian product
of sets A and B on graph.
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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 two circles representing sets A and B one opposite to
the other as shown in the given figure and write the
elements of sets in the corresponding circles.

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

eg. if A={L2,3} and B={f, gl. then following figure
gives the arrow diagram of A x B.

EXAMPLE |10| If A = {2, 4, 6} and B = {1, 4}, then
show that A x B # B x A. Also, show it graphically.
Sol We have, A=1{2 4, 6}and B = {1,4}
Then, A x B={(2, 1), (2, 4), (4, 1), (4, 4), (6, 1), (6, 4)} ...(D)
and  Bx A={(1,2)(1,4), (1 6). (4, 2), (4, 4), (4, 6)}...(i)

A B
1 f
2

3 g



EXAMPLE |11] If A={13,6} and B={x, y}, then
represent the following cartesian products by an arrow
diagrams
(i) AxB (i) Bx A (i) Ax A
Sol We have, A =1{1,3 6}, B={x, y}
(i) AxB={.36}x{xy}
={(L x). (1, ¥). (3 x).(3 y). (6 x). (6 ¥}}

Required arrow diagram is

=

(ii) Bx A={x, y}x {1, 3 6}

={(x1). (x.3). (x. 6). (y,1). (3. 3). (3. &)}
Required arrow diagram is

(=)

(iv) Bx B

(i) AxA=1{,36}x{,3 6}
={(1.1). (1. 3), (1. 6). (3.1). (3.3). (3. 6). (6. 1),
(6.3) (6 6)}
Required arrow diagram is
A A
1 1
3= 3
B ]

(iv) BxB={x, y}x{x, y}
={{x. x). (x, ¥).(3. x). (3. ¥)}

Required arrow diagram is

ORDERED TRIPLET

An ordered triplet is a list of 3 elements written in a
particular order and enclosed within the circular bracker.
e.g. (1, 2, 3) is an ordered triplet. Ordered triplert is also
called 3-tuple.

Cartesian Product of Three Sets
If A, B and C are three sets, then
AxBxC={(a,b,c):ac A,be B,ceC}

Note

In general, it A, A,,..., A are nsets, then (a,, a,, ..., 3,)

is called a n-tuple, where 8, A, i = 1,2, .., n and the set of all such
rHuples is called the cartesian product of A, A, .., A, and is
denoted by A x Ay % .. x Ay,

In symbeolic form,

Arx Agx x Ay = {(a, 8z .., 8,): e A, 1<i<n}

METHOD TO WRITE THE CARTESIAN
PRODUCT OF THREE SETS

Let three sets A, B and C be given, then to write the
cartesian product A X BxC

we may wuse the following steps
Step 1 First, write the given three sets 4, B and C in
tabular form (if not given in tabular form).
Step 11 Take first two sets A and B and write the cartesian
product of these two sets i.e. A4 X B.

Step III Now, consider the cartesian product obrained in
step IT as a set, say D, and then assume each ordered
pair of D (= A x B) as element and write cartesian
product of two sets D and C.

Now, the set of all ordered triplet, obtained in step
111 respresent the cartesian product A x B x C.

EXAMPLE |12| Find the cartesian product of three sets
A={1,2},B={3,4}and C={x:xe N and 4 < x <6}.
Sol. Wehave, A=}, 2}, B=1[3,4}
andC={x:xeNandd<x<6}=4,5 6}
Cartesian product of A and B=A x B={l, 2} x {3, 4}
={(1.3). (L 4), (2 3).(2 4)}

Let D=AxB={13).(L4).(23). (2 4)}
Now, DxC=AxBxC={L3)(L4),(23).(24)}
% {4, 5,6}
={(1.3.4). (1L3,5). (1.3,6), (1.4, 4) (1, 4.5), (1. 4, 6)

(23.4).(23,5).(23.6),(24.4). (2 4.3). (2 4. 6)}
It is the required cartesian product of three sets.
Note
AxBxC=[AxB)xC=Ax(BxC)
So, we can also find the cartesian product of last two sets and

then the cartesian product with first set. But position of sets will
not change.



EXAMPLE [13| If A = {1, 2}, then find A x A x A.
Sol. We have, Ax A={1,2}x{1, 2}

={(1. 1). (1. 2), (2, 1), (2, 2)}
Now,(AX A)x A= Ax AxA={11),(1,2),(2 1),
(2, 2}} X {l, 2}
= {I:l 1,1),(1,1,2),(1,2,1),(1,2,2), (2,1, 1),
(2,1,2),(2,2,1),(2, 2, 2)}

SOME THEOREMS ON
CARTESIAN PRODUCT OF SETS

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

1. For any three non-empty sets A, B and C, we have
M Ax(BUC)=(AxBlu(AxC)
() Ax(BNC)=(AxB)n(AxC)
2. For any three non-empty sets A, Band C, we have
AX(B-CO)=(AxB)-(AxC)
3. If A and B are any two non-empty sets, then
AxB=Bx A= A=8B
4. If AcB,then Ax Ac(AXx By (B x A)
5. If A B, then
A xC c BxC for any non-empty set C.
6. f AcBandCc D, then AXxCc BxD
7. For any non-empty sets 4, B,C and D, we have
(AxBIN(CxD)=(ANC)x (B D)
Corollary

For any non-empty sets A and B,
(AxBIN(BxA=(AnB)x(Bn A)
=(AnBx(AnB)

8. For any three sets A, B and C, we have

WNAXB'UC) =(AxB)N(AxC)
(i) AX(B'NC) =(AxB)u(AxC)
9. Let A and B be two non-empty sets having »

. 2
elements in common, then A X B and B X A have n
elements in common.

10. Let A be a non-empty set such that Ax B=AxC.
Then, B=C

EXAMPLE BASED ON THEOREMS

EXAMPLE |14| IfA = {1, 4}, B={2 3,6} and
C = {2, 3, 7}, then verify that

(i) Ax(BuC)=(AxB)u (AxC()

(i) Ax (B C)=(AxB)n(AxC)

Sol. We have,
A={1,4},B=1{2,3,6)and C ={2,3,7}
(i) To find Ax (BuwC)
BuC={236u{237}
= BuC=1{23467T}
AX(BUC)={L4}x {2367}
={(1. 2). (1, 3). (1, 6). (L. 7). (4. 2),
(4.3).(4.6). (4. 7)} ..())
To find (A x B) u (A xC)
Ax B={(1, 2), (1, 3), (1. 6), (4, 2), (4, 3), (4, 6)}
and A xC=1{(1,2), (1, 3), (1, 7). (4, 2), (4, 3), (4, 7)}
(AR BYU(AxC)={(1, 2), (1, 3), (1, 6), (1, 7),
(4,2).(4,3). (4, 6). (4, 7)} ...(1i)
From Eqs. (i) and (ii), we get
Ax(BuUC)=(AxB)u(AxC)
(ii) To find A x(BnC)
B C =123}
Ax(BNC)={.4}x{2 3}
={(1.2),(1. 3), (4, 2), (4, 3)} ...(iii)
To find (A xB) n (A xC)
Ax B={(1, 2), (1, 3), (1. 6), (4, 2), (4, 3), (4, 6)}
AxC={1,2),(1,3), (1, 7), (4, 2), (4, 3), (4, )}
S(AXBYn(AxC)=1{(1,2),(1,3), (4, 2), (4, 3)}..(iv)
From Eqs. (iii) and (iv), we get

AX(BNC)=(AxB)n(AXC)

TOPIC PRACTICE 1 |

OBJECTIVE TYPE QUESTIONS

1 Let 4 and B be two sets such that 4 x B consists

of 6 elements. If three elements of 4 x B are (1,
4), (2, 6) and (3, 6), then

(a) (A x B) = (B x A)
(b) (Ax B)=(Bx A
(c) Ax B={(14),(1,06), (2,49}
(d) None of the above

2 Let Aand B be two non-empty sets having n
elements in common. Then, the number of
elements commonto Ax Band B x Ais

(a) 2n (b)

(c) n’ (d) None of these
3 1Ifn(A x B) =45, then n(4) cannot be

(a) 15 (b) 17

©) 5 (d) 9



4 IfA={x:x?-5x+6=0);B={2 4),C={4,5), then

Ax(Bn(Q)is

(a) {(2, 4), G, 4)} (b) {(4,2), (4, 3)}

(€){(2,4),(3.4), 4,4} (d){(2,2),(3,3),(4,4), (5, 5)}

5 IfA=(12 3}, B=(3,4),C={4,5 6), then
(Ax B)n (B xC)is equal to

(a) {(1L,4)} (b) {3, 4)}
(c) {(1,4), (3, 4)} (d) None of these
VERY SHORT ANSWER Type Questions
6 Find x and y, if (x + 6, y - 2) = (0, 6).
7 Findxandy,if(x+2 4)=(52x+ y).
8 If A={a, b, c)and B = {r, s}, then find

(i) AxB (ii) BxA
9 IfAxB={(a x),(a y), (b, x), (b, y)}, then find A
and B.
10 1f A={1 3, 5}and B = {2, 3} then show that
AxB#Bx A
11 1f A={12 3}and B = {5, 6}, then show that
AxBzBx A
12 If A={a, b}, B={c,d} and C = {(d, ¢, ¢}, then find
Ax{BuC].

13 The cartesian product 4 x 4 has 9 elements
among which are found (-1,0) and (0, 1). Find
the set 4 and the remaining element of A x A

14 1fP={(14), thenfind Px P x P.

SHORT ANSWER Type Questions

15 1fA=(123), B={123,4),C={56)and
D ={5,6,7,8}, then verify that (A x C) c(B x D).
16 Let A and B be two sets such that n(4) = 5and
n(B) =2 Ifa,b,c,d,e are distinct and
(@,2),(b,3),(c,2),(d, 3),(e,2) are elements of A x B,
find A and B.

LONG ANSWER Type Questions

17 Let A={1,2, 3} and B={(3, 4). Represent
following product graphically.
(i) AxB (ii)BxA (i) AxA
18 If A={a b, c)and B = {x, y}, then represent the

following cartesian product by an arrow
diagram.
(i) AxB (i) BxA (iii) AxA (iv)BxB

19 1fA={(12 3), B=(3 4)and C = {4, 5, 6}, then find
(i) Ax(BnC) (ii) (A xB)n(4AxC)

20 If A={ad},B={b,c,e}and C = {b, c, f}, then verify
that
(i) Ax(BuC)=(AxB)u(dxC)
(ii) Ax(BnC)={AxB)n(4A=xC)

HINTS & ANSWERS

1. (b) Since, (1, 4), (2 6) and (3, 6) are elements of A x B, it
follows that 1, 2, 3 are elements of A and 4, 6 are elements
of B. It is given that A x B has 6 elements.

So, A=1{, 2 3}and B = {4, 6}
Hence, A x B={1, 2 3} x {4, 6}
={(1.4).(1,6).(24). (2 6). (3. 4). (3. 6)}
and Bx A =4, 6} x {1, 2 3}
={(4.1). (4, 2). (4,3). (6.1). (6 2). (6. 3)}
2. (c) We know that,
(AXB)n(CxD)=(AnC)x(Bm D)
v (AXB)n(Bx A)=(An B)x(Bn A)
= (AxB)n(Bx A)=(An B)x(An B)
It is given that A m B has n elements
. (A B)x (A m B)has n® elements.
Thus, (A X B) n (B % A) has n* elements in common.
3. (b) We have, (A x B)=45
= n{A)x n(B)=45

= n(A)and n(B) are factors of 45 such that their product
is 45.

Here, n{ A) cannot be 17.
4. (a) Wehave, A=1{23}, B={2 4}andC = {4, 5}
B C = {4}

= Ax(BnC)={23}x {4}
={(2.4). (3. 4)}
5 (M) AxB=11,2 3} x {3 4}
={(1. 3), (1. 4), (2 3), (2, 4). (3.3), (3, 4)}
and Bx C = {3, 4} x {4, 5, 6}
={(3.4). (3.5). (3. 6). (4. 4). (4, 5). (4, 6)}
A (AXB) N (BxC)={(3 4)}

6. x=-6y=8
7. x=3y==-12
8. () AxB={(ar).(as). (b r).(b s)(c.r)(c )}

(ii) Bx A={(r,a),(r, b),(r.c), (s, a), (s b), (s c)}
9. A={a b}, B={x, y}
10. Solve as Example 2.
11. Solve as Example 2.
12. BuC={ec d e}
Ax(Bu C)={(a c), (a d), (a e), (b ) (b d), (b e)}



3. (=L 0)e Ax A, therefore —=1,02 A and (0, 1) € A x A, 18. (i)

therefore 0,1 A
= =101 A
= A ={-10,1} and remaining elements of A x A are
(=1, =1), (=1, 1), (0, =1), (0, 0), (1, =1), {1, 0), (1, 1).
. PxPxP={1,1,1)(1,1,4),(1,4,1),(1,4,4), (4,1, 1) (1i)
(4,1, 4), (4, 4, 1), (4, 4, 4)}
. AXC={(15). (1. 6),(2 5), (2 6),(3.5),(3.6)}
Bx D= {(1,5), (1, 6), (1, 7). (1, 8), (2, 5). (2, &),

(2,7), (2, 8). (3, 5). (3. 6). (3, 7). (3. 8), (4, 5). (4, 6),

(4,7), (4. 8)}
Here, elements (1, 5), (1, 6), (2, 5), (2, 6), (3, 5), (3, 6)
£ A % C are also belongs to B % D, therefore
(AxC)c(Bx D)
~(a, 2), (b, 3), (¢, 2).(d, 3). (e, 2)e A x B .
o a b c d ec Aand2 3 B (iv)
Alsc 1t is given that n{A) =35 n(B)=2

={a, b, c,de}, B={23}

m? h@
nW
B o

(i)

- (@) v
A1 4)' f241' @, 4}'. 19. (i) (BnC)={4)
+ * ‘ Now, A x (B C)=1{1, 2 3} x {4}
3 '{i'éal"(é'il {331 B ={(1.4).(24).(3.4)}
2 Lo (i) AxB={(1,3),(1,4), (2 3).(2,4). (3, 3), 3, 9}
1 ; : ' AxC=1(1,4),(1,5), (1 6). (2 4). (2. 5). (2. 6),
; : ' (3. 4).(3,5). (3, 6)}
: ; : ; L (AXBYN(AxC)=1(14).(2 1), (3, 4)}
0 1 2 3
(ii) 20. (i) To determine A x ({ Bu C)
¥ _ _ BuC={bceulbe f}
K R . Yt 7 ={bc.ef}
i( : o Ax(BuC)={ad)*{bce f}
L TP -15'2'}5 ""Fil 2 ={(a,b).(a, E),(H,E:I,{E.f],{d-b)- (d. c). (d. e). (d, f)} )
B LoL To determine (A x B) w (A xC)
SR AxB={a d}x b c e}
5 — :'1 F—x ={(a. b), (@ c). (a e). (d. D). (d. c). (d. )}
AxC={a d}x{b c f}
(iii) y ={(a, b).(a.c).(a. f).(d.b).(d.c).(d, f)}
: s (AxB)U(AxC)={(a b). (a c), (@ e), (a f).
Sy (1 ) {2 3 'I’(a 3) (d. b).(d.c).(d.e).(d, f)} (1)
odeee F i From Egs. (i) and (ii), we get
(‘23 '[221 .(32) Ax(BUC)=(AxB)yu(AxC)
P '(Ti)- {é-i]- .(5'1; (ii) BN C ={bck
i : . Ax(BAC)={(a, b). (a ¢). (d, b), (d, c)}
0 T 2 3 and (A % B) n (A x C) = {(a, b), (a. c). (d. b). (d.c)}

= AX(BNC)=(AxB)n(AxC)



| TOPIC 2|

Relations

Let 4 and B be two non-empty sets. Then, a relation R
from set A to set B is a subsert of cartesian product A X Bi.e.

RcAxB. The subset is derived by describing a
relationship between the first element and the second
element of the ordered pairs in A % B. The second element
is called image of first element.
If (@, b) € R, then we write it as @ R b and we say that

a is related to & by the relation R.

If (&, b) € R, then we write it as aRb and we say that
a is not related to & by the relation K.

EXAMPLE |1|IfA={1,2, 3,4 and B={5,6, 7, 8},
then which of the following are relations from A to B? Give
answer.

(i) B, ={(15).(2.7). (3. 8)}

(i) B, = {(6, 2), (3, 7). (4 7)}
:P Every relation from Ato B is a subset of AxB.

.S:m". We have, A=1{1,2, 3,4} and B=1{5,6,7, 8}
Ax B=1{(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)}
(i) Since, R, € A x B, therefore R, is a relation from A
to B.

(ii) Since, (6, 2) € R, but (6, 2) ¢ Ax B, therefore
R, ¢ A x B. Thus, R, is not a relation from A to 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

(i) Roster form In this form, we represent the relation

by the set of all ordered pairs belongs to R.
e.g. Let R is a relation from set A =1{-3,-2,
-112, 3; to set B=1{1,4,9, 10}, defined by
aRb<a =6,
Then, (-3)"=9,(-2)> =4,(-1)" =1, (2)> =4,(3)” =9.
Then, in roster form, R can be written as

R= {(_ 1: 1], (_ 214)1 (11 Ds{zs 4}5 (_ 3: 9)1(31 9)}

(ii) Set-builder form In this form, we represent the
relation R from set A to set B as

R={(a,b): ae A,be B and the rule which relate
the elements of A and B}

e.g. Let R is a relation from set A =1{1,2,4, 5} to set

B={1,l,l,l}such that
2 45

R= {{1, ), (2, gl] (“’ 41) (5’ 51)}

Then, in set-builder form, R can be written as

1
R={(ﬂ,5]:aEA,bE B:mdf?=—}

a

Note
We cannot write every relation from set A to set B in set-builder form.

(ii) Arrow diagram To represent a relation by an arrow
diagram, we draw arrows from first element to
second element of all ordered pairs belonging to
relation R.
eg. Let R={(1,3)(2,95)3,6)(2,6)(2,3)} be a
relation from set 4 =1{1,2, 3,4} to set B={3,4,5, 6}

Then, by an arrow diagram, it can be represented as

A B
1 3
2 4

5
4 5]

Note
(i) If B = &,then A is called an empty relation.
(i) If B = A= B, then A is called the universal relation.
(iiiy It B, and R , are two relations from Ato B, then R, W R, R, n R,
and R, — R ; are also relations from A to B.

EXAMPLE |2| Express R = {(a,b):2a+b =5;a,be W}
as the set of ordered pairs (in roster form).
Sol. Given, R={(a b):2a+b=5;a,bs W}
Here, W represent set of whole numbers.

When a=0,b=5
When a=1b=3
When a=2b=1

For a = 3, the value of b given by the above relation are
not whole numbers.

R={(0.5).(1.3).(21)}

EXAMPLE |3| Write the relation between sets P and Q
given by an arrow diagram in
(i) roster form (ii) set-builder form




Sol From arrow diagram, we have
P=1{9.4,25}and0=1{54,3 21 -2 -3 -5}
Here, the relation R is “x is the square of ',
where x € Pand ye Q.
In roster form, it can be written as
R=1{(9,3)(9 —3)(4, 2)(4, - 2)(25,5)(25, - 5)}
In set-builder form, R can be written as
R={(x, y):x€ P, ye Q and x is the squarc of y}

EXAMPLE |4| A relation R is defined, from a set
A={234,5}toaset B={3,6,7,10}, as (x, y)e R < x is
relatively prime to y. Express R as a set of ordered pairs
and depict this relations by arrow diagram.
Sol Given, R={(x, ¥): x € A,y e B, x is relatively prime to y}
Here, x is relatively prime to y meansged(x, y)=1
s R={(2,3),(2,7), (3, 7). (3, 10), (4, 3), (4, 7), (5, 3),
(5.6). (5. M)}

Visual representation is shown below:

Number of Relations
R f

Let Aand B be any two non-empty finite sets containing mand n
elements, respectively.

Then, number of ordered pairs in Ax Bis mn.
-~ Total number of subsets of Ax Bis 2™.

Hence, the total number of relations from set A to B is 2™,
because each relation from Ato Bis a subset of Ax B.

Among these 2™ relation, the void relation & and the universal
relation A x B are trivial relations from Ato 5.

EXAMPLE |5] If A ={a, b} and B = {2, 3}, then find
the number of relations from A to B.
“(7- Number of relations from Ato B =2M4)*"E) = g4 xE],
Sol We have, A=1{a, b} and B=1{2, 3},
s WA xB)=n{A)xn(B)=2x2=4
Now, number of subsets of A x B= 2" = 21 =14

Thus, the number of relations from A to B is 16.

EXAMPLE |6| Ifn(4)=3and B={2, 3, 4, 6, 7, 8},
then find the number of relations from A to B.
Sol  Given, n{A)=3
and B=12,3,4,6,7, 8 = nB)=6
-. Number of relations from A toB = 2"#) =8

=23K6=2IB

DOMAIN, CODOMAIN
AND RANGE OF RELATION

Ler us consider the relation £ from A to B. Then, the set of
first elements of all the ordered pairs present in R is called
the domain of relation and the set of second elements of all
the ordered pairs present in R is called range of the relation.

The ser B is called the codomain of relation £

Le. Domain (R)={a:(a,b) e R}

and Range (R) = {b:(a,b) € R}

Note that the domain of a relation from set 4 to B is a

subset of ser A and range is a subset of set B i.e. range is a
subset of codomain. (Range € Codomain)

e.g. Let R ={(1,2),(1,5).(3,4),(6,7)} be a relation
from set A ={1,3,6,7} to set B=1{2,4,5,6,7}.
Then, domain ={1, 3, 6}, range =1{2,4, 5, 7}
codomain = set 8=1{2,4,5,6,7}
Range ¢ Codomain

and

Clearly,

EXAMPLE |7]| A relation R is defined from a set
A=12,34,5toaset B=1{3, 6,7, 10} as follows
(x, ¥) € R < x divides y. Express R as a set of ordered pairs
and determine the domain and range of R.
Sol Wehave, A={2 3 4, 5} and B={3,6,7,10}
Relation R is defined as(x, y)€ R < x divides y.
o2 divides 6, 2 divides 10, 3 divides 3, 3 divides 6,
5 divides 10.
. R=1{(26)(210)(3,3)(3.6) (5 10)}
- Domain (R) = Set of first elements of the ordered pairs
present in R

.. Domain of R={2,3,5}
Range (R) = Set of second elements of the ordered
pairs present in R

Range of R={3,6.10}

EXAMPLE |8| Determine the domain and range of the

relation R = {(x, y): xe N, ye N and x + y =10}.
Sol. Wehave, R={(x, y):xe N, ye Nand x + y =10}
= R=1{(1,9).(2, 8), (3, 7). (4, 6), (5, 5), (6, 4),

(7.3). (8. 2). (9. 1)}
.. Domain(R) = Set of first elements of the ordered pairs
present in R

={1.2,3,4,5.6,7, 8,9
Range (R) = Set of second elements of the ordered
pairs presentin R=1{9,8,7, 6,5, 4,3, 2, 1}

EXAMPLE |9]| LetA ={1, 2,3, 4, 5}. Define a relation R
fromAtoAbyR={(x, ¥): y=x—-1 x, ye A}

(i) Depict this relation using an arrow diagram.

(ii) Write down the domain, codomain and range of R.



Sol (i) Given,R={(x, ¥):y=x-1x, ye A}
R={(21).(3 2).(4.3), (5 4)}
The corresponding arrow diagram is shown in
following figure.

—
I

(ii) It is clear from the arrow diagram, that
domain = {2, 3, 4, 5}, codomain = {1, 2 3, 4, 5} and
range = {1, 2 3, 4}.

EXAMPLE |10| Determine the domain and range of the
relation R = {(a, b) :aeN,a <5, b = 4}
Sol. Given, R={a b):aeN,a<5 b=4}
= R={(1,4).(2.4), (3. 4). (4. )}
Domain (R)={a:(a,b)e R}={1, 2.3, 4}
Range (R)={b:(a b)e R}= {4}

Inverse Relation
Let R © A x B be a relation from a set A to a set B. Then,

. . -1 . .
the inverse relation of R, denoted by B™, is a relation from

B to A and is defined by R ={(b,a):(a,b) e R}
Thus, (e,)e R & (ba)e R,V ac Abc B
Clearly, domain (RH= range (R)

range (R™") = domain (R)

and
EXAMPLE |11]| Find the inverse relation (R™") in each
of the following cases

() R={(1,2), (1. 3), (2, 3), (3, 2), (5, 6)}

(i) R={(x, y):x,ye N, x+2y =8}
(iii) R is a relation from {11, 12, 13} to {8, 10, 12} defined
byy=x-3
Sol (i) Given, R={(1, 2), (1, 3), (2, 3), (3, 2), (5, 6)}
= R '={(2, 1), (3, 1), (3. 2). (2 3), (6, 5)}
(if) R={(x, y):x, ye N, x + 2y =8}
x4+ 2y=8
When x=2 y=3
When x =4, y=12
Whenx =6, y=1
=  R={(2,3), (4, 2), (6, 1)}
= R =3 2).(2 4),(1,6)

(iii) Here, R={(x, y): x € 11,1213}, y= {8,10,12} and
y=1{x-3}
. y=x-3
When x =11, y=8
When x =13, y =10
. R={(11, 8), (13, 10)}
= R™'=1{(8, 11), (10, 13)}

EXAMPLE |12]| Let A be the set of first 10 natural
numbers and let R be a relation on A defined by
(x, y)e R &= x + 2y =10,
ie R={(x,y):xe A, yedand x + 2y = 10}.
Express R and R™" as sets of ordered pair. Also,
determine
(i) domain of R and R~ (ii) Range of R and R~.
Sol. Given, R={(x, y): x€ A, y € Aand x + 2y =10}
Here, x + 2y =10
_10-x

= == Vx yeAd ()
and A={1,2,3.4,56,7,89 10}
From Eq. (i),

When x =2 y=4; When x =4, y =3

When x =6 y=2 When x =8, y=1
R={(2,4), (4,3), (6, 2), (8 1)}

= R*'={(4,2), (3. 4). (2. 6), (1, 8)}

Clearly, domain (R) = {2, 4, 6, 8} = Range (R™")

and range (R) = {4, 3, 2, 1} = Domain (R™")

TOPIC PRACTICE 2 |

OBJECTIVE TYPE QUESTIONS

1 Two finite sets A and B have m and n elements
respectively. If the total number of relation
from Ato Bis 64, then the possible values of m
and n can be
(a) 1 and 5 (b) 2 and 4
(c) 2and 3 (d) 1 and 4

2 The relation on the set 4= {x:|x|< 3, xe Z}is
defined by R = {(x, y): y =|x|, x # = 1}. Then, the
number of elements in the power set of R is
(a) 32 (b) 16
(c) 8 (d) 64



3

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

defined from 4to B is [NCERT Exemplar]
(a) m" (b) ™ —1
(c) mn—1 (d)y2™ -1

The relation R defined on the set of natural
numbers as {(a, b) : a differs from b by 3}, is given
by

(a) {(1,4),(2,5),(3,6), ...}

(b) {(4,1),(5,2),(6,3), ...}

() {(13),(2,6),(3,9), ...}

(d) None of the above

If arelation R is defined on the set Z of integers
as follows (g, b) e R < a” + b* =25, then domain
(R)is equal to

(a) {3,4,5}

(c) {0,x3,£4,%5}

(b) {0, 3,4, 5}
(d) None of these

VERY SHORT ANSWER Type Questions

6

7

10

1

If A={x, y, z} and B ={], 2}, then find the

number of relation from A to B. [NCERT]

Determine the domain and range of the relation
R ,defined by R ={(x, x + 5): x £ {0,1L2,3,4,5).
[NCERT]
IfFR={(x, ¥):x,ye N,x<5and y=3}isa
relation, then find domain and range of R.

Let A={1,23,5)and B = {4,6,9). If arelation R

from Ato B is defined by R = {(x, )) : the
difference between x and yis odd, xe 4, ye B},
then write R in roster form. [NCERT]

If A={(1,2, 3, 4, 6} and R be the relation defined
on Aby R = {(a,b):ac A,b= A and a divides b},
then find domain and range of R.

Let A={1,2,3}; B ={a,b,c,d) be two sets and
R={(1a),(Lc¢),2 d),(2 c)} be arelation from A to
B, then find R™, range of R and domain of R.

SHORT ANSWER Type Questions

12

13

Determine the domain and range of the
relations R, where R = (x, x*): x is a prime
number less than 10} [NCERT]

ExpressR = {(x, ): x* + y* =25 where x, ye W}
as a set of ordered pairs

14

15

16

17

Determine the domain and range of the relation
R, where

(i) R={(-3,1),(-1,1),(1,0),(3,0)}

(ii) R={{x—-2, x?): xis a prime number less than 15}
Let A={2, 4,6,9)and B = (4, 6,18, 27, 54}, then
find the set of ordered pair (a,b) such that
ae A be B,ais factor of b, anda < b.

The given figure shows a relationship between
the sets P and Q. Write this relation

P Q
(i) in set- builder form (ii) in roster form
(iii) What is its domain and range?
Suppose arelation R = {(1, 4), (2, 5), (4, 4), (6, 5)}

is defined from A to B. Find the inverse of R.
Also, find the domain and range of R7'?

LONG ANSWER Type Questions

18

19

20

Let A={1,2,3,4}and B={1, 4,9, 16, 25} and R be
a relation defined from A to B, as
R ={(x,)):xe A yeBand y = x?}
(i) Depict this relation using arrow diagram
(ii) Find domain of R
(ili) Find range of R.
(iv) Write codomain of R
If A={1,2,3, 4,5, 6}, then define a relation R
from Ato AbyR={(x,y): y=x+1}
(i) Depict this relation using an arrow diagram.

(ii) Write down the domain, co-domain and
range of R

Suppose a set A ={January, February, August}
and set B ={28, 15, 30}. Write a relation R given
by R = {(a,b)e Ax B, where a is month and b is
date). Also, find R

HINTS & ANSWERS

{¢) Clearly, n{ A x B)=n{A)x n{B) = mn
.. Total number of relation from A to B= 2™
Thus, we have 2™ =64 = 2°

= mn=6
Hence, possible value of m and nare 2 and 3, respectively.



10.

1L

12,

13.

14

(b) We have, A = {x:|x|<3 x Z}
={-2-1012}
and R={(x, y):y=|x|. x #=1}
= {(- 2.2), (0,0), (L1). (2 2)}
n(P(R) =22 =2' =16
(d) Given, W A)=mand n{ B)=n
.. Total number of relations from A to B=2™"
.. Total number of non-empty relations from
AtoB=2™ -1
(b) Given, R={(a, b):a— b=3}={(4,1), (5. 2), (6, 3), ...}
(c) We have, (a, b)e R<>a” +b* =25

= b:i,ﬂzs—ai

Clearly, a=0=hb=4%5
a=x3=b==4
a=+t4=b=%3

and a=*5=5b=0

Hence, domain(R)= {0, £3, £4, +5}.

64

R=1{(0,5), (1. 6),(2,7). (3, 8), (4, 9), (5, 10)}
Domain(R)=10,1,2,3.4,5: Range(R) = {5.6,7,8,9, 10}
R={(1.3),(2 3).(3,3), (4, 3)}

. Domain (R) = {L, 2 3, 4} and range (R) = {3}

R={(x.y) : the difference between x and y is odd
xe A, ye B}

In roster form

Let R={(a.b):ac A, be A, and a divides b}
R={(1,1),(1,2). (1.3), (1, 4), (1,6). (2.2). (2. 4), (2, 6). (3.3),
(3. 6). (4. 4). (6. 6)}
Domain={1.2,3,4,6}=A
Range=1{1,2,3,4,6}=A
R={(La).(Lo)(2d)(2 )} = R ={(@1).(e.1).(d. 2).(c.2)}
Domain (R) ={1, 2} : Range (R) = {a.c.d}
R=(x, x*): x is a prime number less than 10}
R ={(2, 8), (3, 27), (5, 125), (7, 343)}
[~ 2, 3.5, 7 are primes less than 10]
Domain (R) = {2.3.5,7}
Range (R) = {8, 27,125,343}
Here, Wis the set of whole number
. X +yt=25 (i)
Put x =0,1 23, 4,5in Eq. (i) and obtain the value of y.
Hence, R ={(0, 5), (3, 4), (4. 3), (5, 0)}
(i) Given, R={(-3.1), (- 11), (1, 0), (3, 0)}
Domain(R)={-3 =113 Range(R)={L0}

1 A3 g A3 —yr a3 gy

(ii) Given, R={(x—2 x°): x is a prime number less than 15}
s R=1{(0, 4), (1, 9), (3. 25). (5, 49), (9, 121), (11, 169)}
Domain(R) = {0, 1, 3, 5, 9, 11}
Range (R) = {4, 9, 25, 49, 121, 169}
15. Here, A={2,4,6,9); B=/{4,6, 18,27, 54}
Let R={(a,b): ac A, beB, ais factor of banda < b}
Then, R=1{(z, 4),(2,6), (2, 18), (2, 54),(6, 18),(6, 54),
(9, 18) (9, 27), (9, 54)}
16. (i) {(x.¥):xeP. yeQ.x=y+2}
(i) {(5, 3). (6. 4). (7, 5)}
(iii)Domain (R) = {5,6,7} and
Range (R) = (3.4.5)
17. Given, R=/{(1,4).(2.5). (4, 4), (6. 5)}
= R ={(4,1).(5 2), (4, 4), (5. 6)}
Domain (R ') =44, 5} and Range (R')={1, 2,4, 6}
18. (i) The relation R = {(1, 1), (2, 4), (3. 9), (4, 16)}

A B

(ii) Domain (R) = {1, 2,3.4}

(iii) Range (R) = {1.4,9.16}

(iv) Codomain (R) = {1,4,9,16, 25}
19. Given, A =1{1.2.3,4,5, 6}

R={lx, yhry=x+1p={(L 2). (2, 3). (3. 4). (4, 5). (5, 6)}
(i) The arrow diagram is shown below

il

A A

(ii) Clearly, domain (R)={1. 2, 3, 4, 5}
Range (R)=1{2, 3. 4,5, 6};
Codomain = {1, 2, 3, 4, 5, 6}
20. Given, R={{a b)e A x B, where ais month and b is date}
~. R={(January, 28), (January, 15), (January, 30),
(February, 28), (February, 15), (August, 28), (August,
15), (August, 30)}
= R~ ={(28, January), (15, January), (30, January),

(28, February), (15, February), (28, August), (15,
August), (30, August)}



| TOPIC 3|

Functions, Domain and Range of Real Function

A special type of relation is called function. The word
‘function’ is derived from a Latin word meaning
operation. Function is a very important concept in
Mathemarics and it shows the correspondence between
two sets. A function is also known as mapping or map.

FUNCTION AS A RELATION

A relation f from a non-empty set A to a non-empry set
B is said to be a function, if every element of set A4 has
one and only one image in set 5.

In other words, we can say that a function f is a relation
from a non-empty set A to a non-empty set B such that
the domain of f is A and no two distincr ordered pairs
in f have the same first element or component.

If f is a funcrion from a set A to a set B, then we write
FiA—>Bor AL B

and it is read as [ is a function from A o B or f
maps A to B.
If (a, &) € f, then we can also write it as f(a) =b.
Here, £ is called the image of 2 under f and 4 is
called the pre-image of & under f.
eg. Let A=12,3,4}, B={3,4,5} and f}, f; and f; be
three subsers of A x B defined as

i =12,3) (3,4) (4,5)}

f2=1(2,3)(2,4) (3,4), (4,5)}
and f3 =129 6,5}
Then, £, is a function from A to B, since every element
of A has one and only one image in set 5.
5 is nor a funcrion from A to B, since 2 € A has two
images 3 and 4 in B.
Also, f; is not a function from A to B, since 4 € A has
no image in B.

EXAMPLE |1]| Which of the following relations are
functions?

(1) {(3. 3). (4, 2), (5, 1), (6, 0). (7. 7)}

(ii) {(2.0), (4, 8). (2, 1), (3, 6)}

:\'C?:T If first element of each ordered pair is different with

Y other, then given relation is a function.

Sol (1) {(3, 3). (4, 2), (5, 1), (6, 0), (7. 7)}
It is a function, because first element of each
ordered pair is different.

(i) {(2. 0). (4, 8). (2, 1), (3. 6)}
It is not a function, because first elements of (2, 0)
and (2, 1) are same.

Function as a Correspondence

A function f from a non-emprty set A to a non-empry set Bisa
rule or method or correspondence which associates elements
of set A to elements of set B such that
(1) All elements of set A are associated to elements in set B.
(i1) An element of set A is associated with one and only one
element of set B.
In other words, a function * £~ from a non-empty set A to a
non-empty set B, associate each element of set A to a unique
element of set B.

CHARACTERISTICS OF A FUNCTION f:4— B

(i) For each element x € A, there is unique element y€ B.

(i) The element y € B is called the image of x under the
function f. Also, y is called the value of function f ar x
re. fx)=y.

(m) f:A— B is not a function if there is an element in A
which has more than one image in B. But more than one
element of A may be associated to the same element of 5.

(iv) f: A— B is not a function, if an element in A does not
have an image in B.

EXAMPLE |2| Let A be the set of persons and B be the set
of their heights and let f,, f;, f; and f, be rules associating
elements of 4 to elements of Bas shown in following figures.

My B

(iii) 4 f, B8

Check whether f,, f,, f; and f, are functions or not and why?
Sol In f, [arrow diagram (i)], we observe that each element of A

is associated with exactly one element of B, Therefore, f] is
a function from A to B.

In f, [arrow diagram (ii}], we observe that Vijay is
associated with 140 cm and 160 cm. Any person can have
only one unique height, so the height of Vijay cannot be
140 cm and 160 cm together. Hence, f,:A — Bisnota
function. In f; [arrow diagram (iii)], we observe that Reena
and Meena are associated with 160 cm. It is possible that the
height of two persons may be equal. Hence, f; is a funetion
from A to B.



In f, [arrow diagram (iv)], we observe that Sohan (an
element of A) is not associated to any element of B. But,
according to the definition of a function, all the elements of
A should be associated with elements of B. Hence, f is not
a function from A to B.

Note

Ewvery function is a relation but its converse is not true.

e.g. Let us consider A, = {(1. 3). (1. 8). (2. 8)}

and Rz={@9).3 9}

Here, set A, and R, both are relations but R, is not a function

because element 1 has two images and set A, is a function
because no two elements has same image.

EXAMPLE |3| If x, y € {1, 2, 3, 4}, then check
whether f,, f; and f, are functions or not where
fi={xy):y=x+1}
fo={lx, y):x+y=5}
fy =100 y): x+y >4}
Also find the the range in case of a function.
Sol Let A=, 2,3 4}, then f, f, and f, are defined from
Ato A
First express f, f, and f, as sets of ordered pairs,
ie.write f; ={(1 2).(2 3). (3. 4)}
f2=10,4),(23), (3, 2), (4, 1)}
f3=1{(1.4).(2 3), (2 4).(3.3). (3.2). (3.9)
(4.1). (4, 2), (4, 3), (4, 4)}
Now in f,, we observe that an element 4 € A is not
appeared at first place of any ordered pair of f;. So,
f; is not a function from A to A. In f,, we observe
that each element of set A is appeared at first place
in one and only one ordered pair of f,. Se, f, isa
function from A to A and Range of f, ={1, 23,4} In
f5. we observe that 2, 3, 4 € A have appeared at first

place of ordered pair more than one time. So, f is
not a function.

and

and

Domain, Codomain and

Range ot a Function

If f 1s a funcron from A to B, ie. each element of A
corresponds to one and only one element of B, whereas
every element in B need nort be the image of some x in

A. Then the set A is called the domain of function f
and the set & is called the codomain of f-

The subset of B conraining the images of elements of A
is called the range of the function.

Thus, if a function f is expressed as the ser of ordered
Pairs, then the domain of f is the set of first elements of
all ordered pairs of fand the range of f is the set of
second elements of all ordered pairs of f i.e.
Domain of f={a:(a,b)e f}
Range of f={b:(a,b)e f}

EXAMPLE |4| Which of the following relations are
functions? Give reasons. If it is a function, determine its
domain and range. [NCERT]
(i) {(2, 1), (5, 1), (8, 1), (11, 1), (14, 1), (17, 1)}

(i) {(2, 1), (4, 2), (6, 3), (8, 4), (10, 5), (12, 6),(14, 7)}

(i) {(1., 3), (1, 5), (2, 5)}

Sol Here,

(1) {(2, 1), (5. 1), (8, 1), (11, 1), (14, 1), (17, 1)}

It is clear from arrow diagram that
(a) it is a function, as each element have a unique image.
(b) its domain is {2, 5, 8, 11, 14, 17}.
(c) its range is {1}.
(i) {(2, 1), (4, 2), (6, 3), (8. 4), (10, 5), (12, 6), (14, T)}.
It is clear from arrow diagram that

(a) it is a function, as each element have a unique image.
(b) its domain is {2, 4, 6, 8, 10, 12, 14},
(c) its range is {1, 2, 3. 4, 5, 6, T}

(iii) {(1, 3), (1, 5), (2. 5)}
It is clear from the arrow
diagram that it is not a
function because 1 has two
images 3 and 5.

—

%/ Identification of a Function with its Graph

We draw a vertical line i.e. any line parallel to Y-axis. If this line
intersect the graph of the curve in more than one point, then the
curve is a relation and if it intersect at only one point, then the
curve is a function.

<

In figure (a), the vertical line intersects the curve at two points,
therefore the curve is a relation whereas in figure (b), the vertical
line intersects the curve at only one point, therefore the curve is
a function.




EXAMPLE |5| Identify the curve, which is a relation or
function.
Y

X'O/—X
4
0]

v
(ii)
Sol (i) If we draw a vertical line, then it will intersect the

curve at two points. It shows that given curve is a
relation.

(ii) If we draw a vertical line, then it will intersect the
curve at only one point. It shows that given curve is a

function.
Y
X X
@
Equal Functions

Two functions f and g are said to be equal iff

(1) domain of f = domain of g
(i1) codomain of f = codomain of g
(iii) f(x) = g(x) for every x belonging to their common
domain and then we write f = g.
eg Let A={L2}, B={3,6} and f:4A— B is given by
flx)= x> +2and g:A— B given by g(x) =3x. Here, we

observe that f and g have the same domain and codomain.

Also, f)y=3=g(l)
and f2)=6=¢(2)
Hence, f=g

2
f:A— Bdefined by f(x)=2x* —1andg:A— B
defined by g(x) =1 —3x. Find whether f = g or not.

Sol. We observe that f and g both have same domain and
codomain. Also, we have

fl=9)=7=g(-2) andf(lz)=-?l=g(l)

EXAMPLE [6] Let A = {- 2, %} and B = {7, '—1},

2
Hence, f=g
EXAMPLE |7]| f : R - {3} - R be defined by
z —
flx)= 3 39 and g : R — R be defined by g(x) = x + 3.
x —

Find whether f = g or not.
2
Sol. Here, f(x)= 2 -9=(x-3)(x+3)=(x+3)
x=3 x=3
and g(x)=x+3 = f(x)=g(x)=x+3
But f(x)# g(x)as domain of f(x) is R = {3} and domain
of g{x)is R.
= Domain of f(x)# Domainof g(x) = f#g

EXAMPLE |8| Find the values of x for which the
functions f(x) =3x? —1and g(x) = 3 + x are equal.
Sol. Given,  f(x)=3x*-1and g(x)=3+x
Let flx)=g(x)
Then, 3x =1=3+x = 3x°=x=-4=0
= 3x’ —=4x+3x-4=0 > x(3x—-4)+1(3x—-4)=0

=¥ (Bx=-4)(x+1)=0 = x=—1,%

Real Functions

A function which has either R (set of real numbers) or one
of its subsets as its range is called a real valued function and
if its domain is also either R or a subset of R i.e. range and
domain both are either R or a subser of R then function is

called real function.

For real funcrions, generally domain and codomain both
are infinite subsets of R. Therefore, a real function is
generally described by some general formula. In other
words we can say that, images of various elements of the
domain of a real function are provided by some general

formula. e.g. Let f be a function define by f (x)=2x+1
from N wo N. Then,

X 1 2 3 4 5
fx)=y| fi)=3 | Ff2)=5 (=7 | F(4)=39 |f(B)=11

Thus, range =13,5,7,9,11,...} € R, codomain = N and
domain =N c K.




EXAMPLE |9| If f(x) = x* +2x + 3, then find
f(0), f(2) and f(3).

“0y- Substitute x =12 and 3 in f (x) and get the
¥ corresponding values of f(1), fi2) and f(3) , respectively.

Sol We have, f(x)=x"+2x+3 D)
fy=0) +201)+3 [putting x =1in Eq. (i)]
=1+2+3=6
fl2)=(2)* +2(2)+3 [putting x = 2 in Eq. (i)]
=4+4+3=11
f(3)=(3)" + 2(3) +3 [putting x =3 in Eq. (i)]
=9+ 6+3=18

EXAMPLE |10| If f(1+ x) = x* +1,
then find f(2 — h).
:‘(_',;i: Substitute x =1— h in given function and get the value of
= fRe-h)
Sol. We have, fa+x)=x"+1 A1)
On substituting x =(1 — h) in Eq. (i), we get
fa+1=h)={1=h)’+1
flz=h)=1+Hh - 2zh+1
=h —2h+2
EXAMPLE [11] Tf y = f(x) = =—* , then show that
x = F(y)- X

Sol We have, y= f(x)=1"% )
1+ x
1_[1—x]
Then, f(y)=—2-—2*% [from Eq. (i)
1+y [l-x]
14
1+x
1+x=(1=x)
B 1+ x 2
T 1+ x+l-x _?
1+x
= fly)=x .
-X
x—f(y],“'hen}’—f(x)—l_'_x
EXAMPLE |12| If f is a real function defined by
f(x)= :—:, then prove that f(2x) = %
. =x—1 .
Sol Given, flx) T i)
- flax)=22"1 (i)

x -1
—|+1
3f(x)+1 _ Z(x +1J

-1
flx)+3  x=1
x+1

Now, consider [from Eq. (i)]

3

Hx=1)+(x+1)
_ (x+1) _3x-3+x+1 4x-2
T(x=1)+3x+1) x—1+3x+3 4x+2
{x+1)
_A2x-1) 2IZx-1
T a(2x+1) 2x+1

...{ii)

From Eq. (ii) and (iii), we get
_3f(x)+1
flzx) = Fx) 13

Hence proved.

EXAMPLE |13| If the function t which maps
temperature in degree Celcius into temperature in

degree Fahrenheit is defined by ¢(C) = % +32, then find

[NCERT)]
(1) t(0) (if) t(28) (iil) t (-10)
(iv) the value of C, when t(C) = 212
Sol. Given, r(C]=%+32 i)

(i) On putting C =0 in Eq. (i), we get

9%0
:(o}=T+32=u+32=32

(ii) On putting C = 28 in Eq. (i), we get
99X 28 252 32
+32=—+—
3 1

_ 252+160 412

s s
(iii) On putting C = =10 in Eq. (i), we get
9 % (~-10)

5

1(28) =

=10} = +32

=2X10 e _exz432

==18+32=14
(iv) Now, on putting t{C) = 212 in Eq. (i), we get

ac
212=?+32

=212-32

u
|

=130

_ 5180

9
=5x20=100

n 0 @8u|]



EXAMPLE |14| LetA={-2,-1,0,1 2} and
f:A— Zgivenby f(x)=x* —2x -3
Find (i) the range of f (ii) pre-image of 6, -3, 5.
Sol (i) f(-2)=(-2)* —2x(-2)-3=5
f=1)=(=1)" =2(-1)=3=0

floy=-13
fl1)=1"-2x1-3=-4

flzy=2"-2x2-3=-3

So. range (f)={-4. =3.0,5}
(ii) Let x be the pre-image of 6.

= fix)=6
= xl=2x=3=6
= xP—2x-9=0

2
oo SEDEA(=2) —ax1x(-9)

2x1

_ 241436 _ 24410

2

2
= x=1++10e4
- 6 does not have pre-image in A.
Let x be the pre-image of =3.
flx)==3

P =2x=-3==3

—

= xf=2x=0

= x({x=2)=0

= x=0or2e A

So, 0 and 2 are pre-image of =3.
Again let x be the pre-image of 5.

flx)=5

J =

x* =2x=3=5
= x=2x=8=0
= 1P —dx +2x=-8=0

= x(x=4)+Ax=4)=0

= (x=4)(x+2)=0

= x=4dor-2

Since, = 2€ A. So, =2 is the pre-image of 5.

EXAMPLE |15| Given A ={-10,2,5, 6,11},

B={-2,-10,18,28 108} and f(x) = x* — x —2.Is

f(A)=B? Find f(A).
Sol Given, flx)=x*-x-2
A={=10 25611}
and B={-2 -1,0,18 28, 108}
Clearly, f(=1)=(=1)"=(=1)=2=0
flo)=(0)*-0-2=-2

f(2)=(2)*=2-2=0

f5)=(5°-5-2=18

fle)=(6* —6—2=128
and fli)=(1)°* -11-2=108
Now, flA)y={f(x): xe A}

=10, — 2 18, 28,108}

Here, we see that—1e Bbut—-1¢ f(A)
y f(A)=B.

EXAMPLE |16] f=(11).(23),(0. -1, (-1 -3)}be
a function describe by the formula f(x) =ax + b for
some integers g, b. Determine g, b.

Sol. Given, f ={(11).(23).(0, 1), (-1, —3)}
Here, f(1)=1 f(2)=3 f(0)=—1 f(-1)=—3
It is given that f(x)= ax + b
f)=1 and f(2)=3

= a+b=1land2a+b=3

On solving both equations, we get
a=2b=-=1

Thus, flx)=2x-1

This also satisfy floy=-1

and fl=1)==3

Hence, a=2b==1

Domain of Real Functions

As we know thar real funcrions are generally described by
providing the general formula for finding the images of

elements of its domain.

In such cases, the domain of the real function f(x) is the set
of all those real numbers for which the expression for f (x)

or the formula for f(x) assumes real values only.

In other words, we can say that the domain of f (x) is the
set of all those real numbers for which f (x) is meaningful.

WORKING RULE FOR FINDING
THE DOMAIN OF REAL FUNCTIONS

The domain of a real function depends on the narure of
tunction. e.g. Polynomial function is always define for all
real numbers, so its domain is R. Depending upon
function, we may use the following steps to determine their
domain.

For Rational Functions

Step 1 First put the denominaror equal to zero and find
the values of variable.

Step I1 The value of variable obrained in step I are the
values at which rarional function is not defined.
Then, omit the set of these values from R to get
required domain.



EXAMPLE |17| Find the domain of real function

F(x) = X2 +3x +5

X2 —5x +4

Sol Here, denominator = x* = 5x + 4

On putting it equal to zero, we get

=
=
=

=

xP=5r+4=0

X =dx—-x+4=0

x({x=4)=1(x=4)=0

(x=4)(x=1)=0
x=4 or x=1

Clearly. at x =1and x = 4 denominator becomes zero and
thus given function will not be define for these value.

So,

required domain of given function = R = {1, 4}

For square root function

We know thar expression under the square root should not be
negative. So, for finding the domain of square root functon,
put the expression withour root greater than equal to zero and
then find the value of variable for which it is posiave.

EXAMPLE |18| Find the domain of each of the
following function

0] 3—:_2 (E) o=

Sol (i) Let f (x)=

(ii)

1

oy

f (x) assumes real values if x = 2>0
[here, we take only greater than sign, because it is in

rational form and so denominator should not be equal
to zero]

=5 x>2 = xe(2 o)
Hence, domain of f is (2, ee).

Given, f (x)=+/4 — x*

Clearly, f (x) assumes real values, if 4 — x* 20

= —(x*=4)20=x"-14<0

[multiplying by — 1 on both sides]
=2 (x=2)(x+2)=0
[ra’ =6 =(a—b)(a+ b))
= xe[-2 2]
Hence, domain of f =[-2 2]

EXAMPLE |19| Find the domain for which the
functions f(x) = 2x* — 1and g(x) = 1— 3x are equal.

[NCERT Exemplar]
Sol Given, fix)=2x¢" =1
and glx)=1-3x

Since, flx)=pg(x)

2x? —1=1-3x

2x’ +3x-2=0

2x" 4dx —x=2=0
2x(x+ 2)=1(x+ 2)=0
(2x =1)(x+ 2)=0
2x=1=0 or x+2=0

1
x=—or x==12
2

-E'JUUUUUU

, domain for which the function

f(x)=g(x1is{%. - z}

1
EXAMPLE |20| Find the domain of f(x) = ———.
Jx +| x|
1

x+ | x

Sol. We have, flx)=

x, ifx=20

—x, if x<0

x+x,ifx=0
x+|x|=

We know that, |x|= {

x=x if x<0

2x, if x=0

= x+|x]= . (i)
0 ifx<0

Here, the function f(x)= ! assumes real

NP
values, if x +|x|>0.
= 2x>0 = x>0 [using Eq. (i)]
Domain
R x (0, ==)
Henece, domain of f =(0, =),

Note
Domain of modulus function is always R i.e. (— =, =).

Range of Real Functions

The range of a real funcrion of a real variable is the ser of

all real values taken by j (x) at puints of its domain.
WORKING RULE FOR FINDING RANGE OF
REAL FUNCTIONS

Let y = 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 11 Transform the equartion y = f(x)as x = g (y)
i.e. convert x in terms of y.
Step 111 Find the values of y from x = g(y) such thar the
values of x are real and lying in the domain of f.

Step IV The ser of values of y obrained in step IIT be the
range of function f.



EXAMPLE |21] Find the range of f(x) = E

ftx)=;‘—2=y(saw

Sol Given,

Here, denominator =3 - x
Put denominator = 0, we get
3—x=0= x=3
Domain of y = f(x)is R= {3}

. x—-2
Now, consider

y:3—x

= y(E3=—x)=(x-2)
= 3y—xy=x-12
= X+ xy=3y+2
= x(1+y)=3y+2
- x=3y+2
1+y
It will define, if 1+ y20= y# -1
So, x = g(y) takes real values, if ye R = {=1}
Alsa,3'v+ 2#3farallyER—{—l}
1+y
['.'ifﬁzi then3y+ 2=3+3y
1+y
= 2 =3, which is absurd]
= x=3y+2=t3fora]]yeR-{—1}
1+ y
Thus, x=3y+2

£ Domain (). ¥V ye R={1}
+y

Hence, the range of f(x)is R—{-1}

EXAMPLE |22| Find the domian and range of

f{x):{[x, ! z]:xEIi!x:r&ill.
1-x

Sol Given,f(x}:{[x, ! 2]:xeﬂx;ﬁil}
1-x
Clearly, f(x)= p— is not defined, when (1= x*)=0
-x
Le. when x =*1.
Domain of f(x)=R={-11}
Further, let y= ! >
1-x
2 2 1
= l=x")=—= x" =1=—
¥
= x=% [l—l] + y-1
y ¥

Clearly, x is define, if Y=1s9 andy #0
¥

(y=1)y=0and y 20

+ -+
0 1
= —m< y<lorls y<e==
Also, iy—_l # 1forall ye(=so, 0) UL, =)
¥y
y=1
= x=% [——z*lforall ye (= 0)U[L =)
¥
[ 22 1
wif J—=1Ly=1=y=-=-1=0,
¥
l which is observed
Thus, x=%

Y1 ¢ domain (f),V y & (=, 0) U L =)
¥y
Hence, range (f)=(— ==, 0) W [1, ==)

EXAMPLE |23|
the function

ﬂx):{[x,xz-l]:xeik‘,xil}

x=1

2_3 ]
]:xER,xat‘lj

-1

[
Sol. Let f(x)= 1[:{ X
x
Clearly, f is not defined, when x =1

Find the domain and range of

So, f is defined for all real values of x, except x =1.
Domain ( f)= R = {1}

x% =1
Let =
¢ Y x=1
=w=x+1 [asx;&]]
(x-1)
= r=y-=1

Clearly, x is not defined, when y = 2as x #1.
Range (f)=R-{2}

EXAMPLE |24

Determine
(i) range of f
(ii) whether f(x + y) = f(x)- f(y) holds.
(iii) {x: f(x)=1}
Sol. (i) Given, f(x)= 2%, which is well-defined for all x € R.
Domain (fy = R
let y= f(x)=2"
Taking log with 2 on both sides, we get
log, y = log, 2"
= log, y=xlog,2=x [ log,a=1]
= x = log, y. which is define for all y> 0.

Hence, the range of f is set of all positive real
numbers.

Let f : R — R be such that f(x)=2%.

Now,



(i) We have, f(x+y)=2""Y=2"-2"= f(x)- f(y)
o flx+y)= f(x) f(y)holds forall x, ye R
(iii) - flx)=1
=1 = x=0 ~{x: f(x)=1}={0}

EXAMPLE |25| Find the domain and the range of the

function f(x) =+/16 — x*.

-(7- Domain is the collection of those values of x for which
p¥

¥ f(x)is defined and range = {f(x): ¥ x € Domain}.
Sol Given, f(x)=16-x*

Domain of f We observe that f(x)is defined for all x
satisfying 16 - x* 20

= x'=16<0
= (x —4)(x +4)<0[-a* =b* =(a-b)a+b)]
= —4=x=4
= xe[-4,4]
_________ Domain S
- iy i y) oo

Range of f Let y = f(x). Then,
y=qle=x* = y' =16-x’
= ¥ =16-y°
= x:im
Clearly, x will take real values, if
16-y*20 = y' -16%0
= (y—4}y+4)S0 = —-4<y<4
= ye[-4.4]
Also, y=4f16—x"20forall xe[-4,4]
ye [0, 4] for x £ [= 4, 4]

. Range

0 4
Hence, range of f [0, 4].

EXAMPLE |26| Find the domain and range of the

1
function f(x)= .
Jx =5

Sol We have, f(x)= L

..,‘x -5
Domain of f

Clearly, f(x)takes real values, if
x=53>0=x>5=x (5 =)

Domain of [ =(5, =)

Range of f

For x > 5, we have x =50

= Mx=5>0

1

>0 = f(x)>0

1

Range

Thus, f(x) takes all real values greater than zero.
Hence, range of f =(0, ==).
EXAMPLE |27|

Find the domain and range of the real

valued function f(x)given by f(x)= 4= z
x —
Sol. Given, f(x)= i-x
x—4

Domain of f Here, we see that f(x)is defined for all x
except =4
Domain ()= R - |4}
d-x —(x-4
f(x):—: ﬁ:-
x—4

Range (f)={~1}

1
x=4d

EXAMPLE |28| Find the domain and range of the
function f(x)=1-|x-2|.
Sol. Given function is f(x)=1—-|x-2]|

We know that, | x| is defined for x € (=ee, o=).

. Domain of | x = 2| is (—ee, o=).

Hence, domain of f{x)=1—|x — 2 is (===, =),

Also we know that, range of | x| is [0, ==).

. Range of | x = 2| is [0, =a).

0<|x=2<ee
= —ea<=|x=2|Z0
= —eotl<l=|x=2E1=> =< f(x)=1
s Range of f(x)is(=es,1]

EXAMPLE |29| Find the domain and range of the

. 1
function _f{x) = m.

Sol - —-1< sin3x<1V xeR

—-1=—-sin3x<1,VxeR
1€£2-5in3x<3 Vxe R
2=sin3x #0 forany xe R
1
(x)=——
f 2 3

= sin3x

b oy

is defined, ¥V x = R.

Domain(f)=R
From the above discussion, 1< 2=sin3x<3V xe R
- 1.1

£— <1, VxeR
3 2-sin3x

= isf(x}SLV xreR = f(x)e[l 1]

1

!
e ) -[5



| TOPIC PRACTICE 3 |

OBJECTIVE TYPE QUESTIONS

1 The domain for which the functions defined by
f(x)=3x* -1and g(x) = 3 + x are equal to

3 3
- -
- 5ol d P
7 {l 3} ! ){l 3}

2 Let f(x) =41+ x?, then

[NCERT Exemplar]
(@ fl)=fx)-f(»
b) fl)= f(x)-f(y)
(© fl)< f(x)-f(p)
(d) None of the above
3 Domain of wlaz -x% (a>0)is [NCERT Exemplar]
(a) (—a,a) (b) [~ 4, 4]
(C) [0’ a] (d) (_ a, 0]
4 If f(x)= R then range (f) is equal to

11

(@ [-1L1] (b) [—;g]
1 -1

=t ==
(C)[sl] ()['3]

VERY SHORT ANSWER Type Questions

5 Which of the relations are functions?

(l) fl <p {(2, 1)1 (Sv l)r (4, l)v (3,2)v (4- 2)7 (41 3)}

i) f2=(0.4).(2,3),(3,2),41)
6 Let f be a relation on the set N of natural

numbers defined by f={(n,3n):neN}. Is f
a function from N to N.If so, find the range of f.

7 Letf:Z— Z g:Z— Z be functions defined by
f={(x,x*):xeZ)}
g={(x,|x*): xe Z},show that f=g
8 Let f:R — Rbe givenby f(x)=x*+3.
Find {x: f(x) =28}

9 In question 4, find the pre-images of 39 and 2
under f.

10 If f(x) = 3x* =5x? +9, find f(x-1).

11 Let f be defined by f(x) =(x —4) and g be

x2-16
definedby g(x)={"x+4 °
A, x=-4

Find A such that f(x) = g(x) for all x.

SHORT ANSWER Type I Questions
12 If f: R — R be defined as follows

o)y XEQ
f(X)—{_L s=e

Find (i) f(%} f(m) (ii) pre-image of 1 and -1

xz-4

13 Afunction f: R — R is defined by f(x) = x’.
Determine
(i) Range of f (ii) {x:f(x)=4}
14 1fA=(1,234),B=(1,2..,10})and f: A— Bisa
function defined by f(x) =2x +1, x € A, then find
the range of f.

15 Find the domain of the function

fx) = ——=

x2+3x+2
el _ o
16 If f(x)=x +—, prove that[f (x)F = f(x®) + Sf(x)

17 1sg={(LY), (23),(3,5),(4,7,) a function, justify?
If this is described by the relation, g(x) = ox+§,
then what values should be assigned to o and ?

[NCERT Exemplar]

SHORT ANSWER Type II Questions
1

18 Iff(x)=2x+l

X #E— %, then show that

FUF(x)) = % , provided that x » -%—

19 Find the range of the following function.

flx)=—=

1+ x?

20 Let f and g be real functions defined by
flx)=2x+1and g(x) =d4x-T.
(i) For what real numbers x, f(x)= g(x)?
(ii) For what real numbers x f(x) < g(x)?
[NCERT Exemplar]
2

[( x
21 Letf_i[x,l+x2

R determine the range of R.

|
]: X e Ri be a functions R into

[NCERT]



HINTS & ANSWERS

. (a) Given, f(x)=3x" —land g(x)=3+x

3xl=1=3+x

= xf—x—-4=0
= 3x'—4x+3x—-4=0
= x(3x=4)+13x=4)=0
= (x +1)(3x=4)=0

4
= x==lLx=-

3

@ flx) =X

Now. f(xy) =1 + x*y* D)
and f(x)f(y)=y1+ 2" {1+ )7

= fOf() =i+ 2y + ey (i)

-~ From Eqgs. (i) and (ii), we get
fEf(y)2 fxy)

3. (b)Let f(x}=1{‘a2 -x?

For f(x)to be defineda®* - x*20=x*<a=xe[-a 4q

. (c) We know that,=1<sin3x =1

= —1==s5n3x=1
= 1=2-s5in3x<3
= l{%g]

3~ 2—sin3x

—

= -< f(x)=1

- Range(f)= {%1}

W

(i) Itis not a function because the first elements 3 and 4 of
ordered pairs have more than one images.

A% e = . - P

= x'=36 = x=2%6
Again, let pre-image of 2 be x.
= flx)=2 = x*+3=2
= T ==1 [which is not possible]
. 2 does not have any pre-image.
10. flx)=3x" —5x" +9
flx=1)=3(x-1)' =5(x =1)* +9

=3¢t —12x® +13x% — 2% 47

11. Given, flx)=glx), VxR
= f(-4)=g(—4)
= —d—-4=hL = L=-8

12. (i) The value of the function for every rational number is
1 and for every irrational number is =1.

SEOR

and teQ = f(n)=-1
(ii) -~ flx)=1VxeQ
.. pre-image of 1 is rational numbers
flx)==1V xeQ

~. Pre-image of =1 is all real number except rational
number i.e. R—Q = Set of irrational numbers

13. (i) f(x)=x" clearlyV xe R, f(x)=x"20

~. Range = [0, =)
(i) flx)=4=x"'=4= x=22 =xe|-2 3}
14. Given, flx)=12x+1

fll)=2x1+1=2+1=3 B
= fl2)=2x2+1=4+1=5€ 8B
= f(3)=2x3+1=6+1=7€B
= fld)=2x4+1=8+1=9eB

Range f =1{3.5.7. 9}

X X
15. = =
f(x) X +3x+2 (x+1)(x+2)

(ii) It is a function bacause first element of each ordered
pair has one and only one image.

. Since, for each ne N. There exist a unique 3n € N such
(n. 3n) € f.Therefore f is a function from N to N
Now, range (f)={3n:ne N}
. Here, domain ( f) = domain { g)

codomain f = codomain g
Now, flxy=x" and g{x) = |x|" = x* (|2 = x7)
= flx)=glx). VxeZ

. Given, flx)=x"+3 and f(x)=28
¥ +3=28 = x*=28-3
= x*=25 = x=4%5
= x e {-575}

. Let x be the pre-image of 39
= flx)=39 = x* +3=39

A TIA T Z

Clearly, f(x)is not defined at x = -1, - 2,
Domain( f)= R-{-1, -2}

VA T A LA T oy

16. - f{x)=x+l:>f(x3J=x3+L3
x x

3
Now,[f(x}]3:(x+l] =x‘+i3+3[x+l)
X

x x
[ (a+b) =a" +b" +3abla+D)]
= f(x*) +3f(x)

- (2) [ fx)= f(%]]

17. We have, g=1{(1,1),(2 3), (3 3). (4, 7)}

Since, every element has unique image under g. So, gis a
function.

Now, gx)=ox+p



When x =1 then g(l)=a(1)+p i) Hence, range ()= 11
= 1=t +p | 2’ 2
Whenxzz,ﬂiengiz}zot{zj+ﬁﬁ ) 20. Wehave, f(x)=2x +1land g(x)=4x=7
= 3=20 + L )
On solving Eqs. (i) and (i), we get @) ~ flx)=g(x)
a=2p=-1 g Zx+1=4x =7
= Zx=8
1 1 2x +1
18. = = = B
7D f[2x+1] 1 ), 2x+3 = x=4
T +1 (ii) -~ flx)< g(x)
3 2x +1<dx =7
Clearly, it is not defined atx#—E. = 2x+1<=7
= -2x<=-8
19. Let y=flx)=r—7: wi=x+y=0 = x>4
21. f(x)is defined for all x € R As x* +1#0forany x € R.
- C1tqf1-4y” 2
= 2y Now, let y=f{x}=x2x+1
Clearly, x will assume real values, if
1—4y*=0and y #0 = H=d =g L
. 1-y 1-y
= ¥ —4—£l]andy;&1] Clearly, x will be real, if
1 1 2 _>oandy=1
= ——<y<= andy=#0 = y
2 ¥ 25"1 y 1-y
= yel:__l,l_]_{(}} = L_lsnandy;el:ogyﬂ
2 2 ¥y
Also, y=0forx =0 Range(f)=[0,1)

| TOPIC 4
Some Standard Real Functions and their Graphs

Constant Function
A function f:R— R is said to be a constant function, if

Here, we shall study some important real functions, which
are frequently used in the study of calculus.

Identity Function

The real function f: R — R defined by f(x)=x,VxeR % =
is called an identity function. Its domain is R and range is Here, domain of f = R and its range = {k}
also R. eg, f(x)=5,V xe R (symbol V' means for all)

Here, f(x) is a constant function whose

there exists a real number £, such that

f(x)=kforall xe R

domain = {x :x € R} and range = {5}

¥

) =k

It may be observed that
(i) Graph of identity function is a straight line. k

(ii) it passes through origin. X



It may be observed that

(7)) The graph of a constant function is a line parallel to
X -axis.

(if) If k>0, then the line will be above X -axis.

(¢r) If k=0, then graph coincides with the X-axis.

(iv) If k<0, then the line will be below X -axis.

EXAMPLE |1| Draw the graph of each the following

function
(1) flx)=5 (il) f(x)==5
(i) f(x)=0
Sol (i) Given, f(x)=5V xeR

(ii)

Clearly, domain of f is R.
Range of f is {5}.
Now, we prepare a table for different value of x as
shown below

x| -3
fx)| 5

-2
5

-1 o} 3

5

1 2

5 5 5 5

Locate the points (=3, 5), (=2, 5), (=1, 5) (0, 5). (1. 5). (2. 5)
and (3, 5) on the graph paper and joint them, we
obtained the required graph as shown below.

Y

=3,5) (-25) (=1.5) | (1.5) (2.5) (3.5)
5

y=5

L =

—~ CR 1 e - . P T

Clearly the graph of f(x)=5 represents a straight line
parallel to X-axis and at a distance of 5 unit above the
X-axis and symmetric with respect to Y-axis.

Given, f(x)==5

Clearly, domain of f{x)is R

Range of f(x)is {=5}.

Now, we prepare a table for different values of x as
shown below.

x -3 |20 1 2 3
fix)) -5 | -5 | -5 | -5 | -5 | =5 | -5

Locate the points (=3 =5), (= 2, =5), (-1, =5),(0,=5),
(1,=5),(2,=5),(3,=5) on the graph paper and join them
we obtained the graph of the function as shown
below.

-4 -3 -2 - 1 2 3 4

-1
-2
-3

-4
(3-5) 1-5) _ 2.-5)

y=-5
(=2,-5) Y'“ =8 (3-8

Clearly, the graph of f(x)= -5 represent a straight
line parallel to X-axis and at a distance of 5 unit
below the X-axis and symmetric with respect to
Y-axis.
(iii) Given, f(x)=0
Clearly, domain f is R.
Range f is {0},
We have the following table for different value of x.
-2
0

-1
0

2
0

X
fx)

Now, locate the point (—2.0),.(-1,0).(0,0),(1,0),(2,0) on
the graph paper, we get the required graph of the
function.

0 1
0 0

¥

~2.0) (-1,0) (1,00 (2,00
* 2 -1 0 1 2 X

¥
Clearly, the graph of f(x)=0 represent X-axis and
symmetric with respect to ¥Y-axis.

Modulus Function or Absolute

Value Function
The function f: R — R defined by
xif x=0
fl)=|x|=

—x,if x<0

is called the modulus function. It is also called absolute
value function. Its domain is R and its range is [0, ).




It may be observed that
(/) The graph is symmetrical with respect to ¥-axis.
(#) Graph lies above the X-axis.
(#4f) It passes through the origin.
(iv) In the first quadrant, it coincides with the graph of
the identity function.

PROPERTIES OF MODULUS FUNCTION
(#) For any real number x, we have ‘Jx_2= | =]
(#) If @ and & are positive real numbers, then

() x’<a’ @|x<a & —a<x<a
(b) x* 2 4* &|x|2aex<—aorx>a
(0 xt<al Slx|l<cae-—a<x<a
(d)x*>a’ @|x|>aex<—aorx>a
(&) a*<x*<b? Sas|x|<h
e xel-b—-alula b]
(Fat<x*<b? @ a<|x|<b
Sxel(—b,—a)Jla,b)

EXAMPLE |2]| The function f is defined by
l-x,x<0
f@={ x=0

x+lx=0

Draw the graph of f(x). [NCERT]
Sol. Here, f(x)=1- x,x <0, this gives
fl=4)=1=(=4)=5 f(-3)=1=(=3)=4
f(=2)=1=(=2)=3 f(-1)=1=(-1)=2

and flxl=x+1Lx>0f{ll=2 f(2)=3, f(3)=4

f(4)=5 and so on.
Now, the graph of f is as shown in following figure.

EXAMPLE |3| Draw the graph of the function
f:R— R such that f(x)=]x —2|.

:‘(3: Define the function for x <2and x = 2 and draw the graph.

Sol. Clearly, y=|x-2 = x=2 ifx=220
—(x=2),if x=2<0

_Jx=-2 ifx=2
2—x, ifx<2

We know that, a linear equation in x and y represents a
line. For drawing a line, we need only two points.

Fory=x-12
X 2 4
¥ 0 2

So, plot the points P(2, 0), Q(4, 2) and join PQ te get the
graphof y=x—-2.Fory=2-x

X 1 1]

v 1

Plot the points R (1 1), 5(0, 2) and join RS to get the
graphof y=2-x.

5 ! y=x-2
A () 0(4.2)
A (1, 1)

X

0,00 | F(z.0

Signum Function
The functon f: R— R defined by

¥ " 1, when x>0
—_ =0
when x or f(x)=

fl=9x

0, when x =0

0, when x=0
— 1, when x <0
is called the signum function.

Therefore, its domain is R, range is {— 1,0, 1} and its graph is
given below

(0, 1)

(0.-1)




Greatest Integer Function

(Step Function)

The function f: R — R defined by f(x)=[x] is called the
greatest integer funcrion, where [x]= integral part of x or
greatest integer less than or equal o x.

Its domain is R and its range is / ({ = set of integer).

eg., [7.4]=[7+04]=7; [0.6]=[0+0.6]=0
[-15]=[-2+05]==-2

Graph Values of x f(x)=[x]
i " " Y, i " ' i
EEE AR ERRE AN S ' '
oo - -3 x«<-2 -3
Por o 12y =
b s 2
il I —1£x<0 -1

A B B I OO0 (O I O P
A st 0= x<1 0
EaB RN 15 x<2 1
'l’_‘? -3 : 2=x<3 2
I I A I ' I I 3<x< 4 3

It may be observed that
(i) [x] = [Integer + Proper positive fraction]
= Integer
(ii) It passes through origin.
(iii) It is symmetrical in the opposite quadrant.
PROPERTIES OF GREATEST
INTEGER FUNCTION

If 7215 an integer and x is a real number between wand 7+ 1,
then

(@) [-n]=—n
(i) [x + k] =[x]+k for any integer k.
(iii) [-x]=—[x]-1

-1, ifxe”
(i) [x]+[—x]={u if xe Z
S

(vi)
(vi1)
(viii)

(ix)

x]2k = x 2k, where ke Z.
x]€k=>x<k+ 1, whereke Z.
x]>k=x2k+1, whereke Z.
x]<k = x<k where ke Z.

— — — —

Least (Smallest) Integer Function
(Ceiling Function)
The function f : R — R defined by f(x) = |_x_| forallxe R

is called the smallest integer function or the ceiling
function. It is also a step function. Its domain is R and
range is /.

For any real number x, we use the symbol [x] or (x) to
denote the smallest integer greater than or equal to x.

eg. [5.9]=6.[-72]=-7, etc.
Graph Values of x | f(x)=[x]
Y L : :
Y S R -3<x<-2 -2
i i ?_‘ i —2<x=-1 -1
ol e—y 1
x;'3:-2|-1| i : i rx _1‘: IED D
A LN -
I o A 0<x<1 1
oo
o—as 1 i 431 | lax=2 2
oty 2<x<3 3
It may be observed that

(#) It passes through origin
() It is symmetrical in the opposite quadrants.

PROPERTIES OF SMALLEST
INTEGER FUNCTION

Following are some properties of smallest integer function

() r— n-l =— ru-l, where ne 72

(1) r— x-|=—|.x-|+1, where xe R — 7
(iif) |_x+ n]=rx]+n, where xe R— Z and ne Z

Lif xe Z
@ [1+[1={ 0555

() [x]-[-x]= {Zfﬂ— Lif v Z

Zl-x-l, if xe”Z

Polynomial Function
A function f : R— R, defined by
fx)=ay+ax+ azx2 +..ta,x", wherenisa

non-negative integer and ag, 4, 4,,...,4, € K, is called a
polynomial function.



If &, #0, then u is called the degree of the polynomial.

The domain of a polynomial function is R and range
depends on the polynomial representing the function. e.g.,

(1) flx)= ¥ —xt49is polynomial funcrion in x.
(ii) Alx) = X+ -ng is polynomial function in x.
3
(iii) g(x)=x?2+3x is not a polynomial function. Since,

OWEr — 1S NOt an Integer.
P 2 g

EXAMPLE |4| Let R be the set of real numbers. Define
the real function f:R — R by f(x) = x +10. Sketch the
graph of this function.
Sol Given, f:R— Rdefine by f(x)=x+10.
Here,at x=0, f(0)=10
at x=1, f(1)=11
at x=2 f(2)=12

at x =10, f(10)= 20 and so on
Also, at x ==1, f(-1)=9
atx==2, f(-2)=8
at x =—10, f(-10)=0and so on
On plotting the points (0, 10), (L 11), (2, 12)...
(10, 20).(=1 9 ), (-2 8)and (—10, 0) on graph paper,
we get the following graph

Y.
//:1,11)
(0, 10)

xrf—ﬂiﬂ.ﬂj Gaar ey X

Y

This is an example of linear function.

Note

The function f defined by f{x) = mx+c, x e A is called linear
function, where m and ¢ are constants.

Square Root Function
The square roor of a function is defined as f(x)= d’;,
whose domain is [0, =) and range is R™ ie. [0, oo).

We observe that the values of f(x) = Jx increase with the

Increase in x.

Se, its graph is given below
Y
f (x)="%

X X
(0]
¥

It may be observe that it is passing through origin.

Rational Function
P
A funcrion of the form f(x)= %, where (x) and Q(x)
x
are polynomial functions of x defined in a domain and

Q(x) #0, is called a rational function.

The domain of a rational function is # — {x : Q(x) =0} and
range depends on the expression representing the funcrion.
2
x"+4

Thus, fix)= B E—— is called a rational funcrion,
x —6x+4
where x> —6x+4 #0.

Its domain is R —{x ix® —6x+4= 0}.
Reciprocal Function

The function f: R — {0} = R defined by f(x)= Zis
x

called the reciprocal function. Its domain as well as range

is R — {0}.

1 1
We observe thar the sign of — is same as thar of x and —
x x

decreases with the increase in x.

So, its graph is given below

¥

It is also a rational function.



Exponential Function
Ler a(#1) be a positive real number. Then, the function
f:R— R, defined by f(x)=a" is called the exponential
funcrion. Its domain is R and range is (0, =°) as it attains only
positive values. As, >0 and @ # 1.
So following cases aries

Case] When a>1, then the values of ’j.-=_;"'{3¢:}=afit

increase as the values of x increase.

<1, forx<0
Thus, flx)=a" =¢ Lforx=0
=1, forx =0
Its graph is given below
Y
flx) = a*
a=1
X (o] X
Y

Case I When 0 <z <1, then the values of y= f(x)= a®
decrease with the increase in x and y >0 for all
>1, forx <0

x€ R. Thus, f(x)=a*={ L forx=0
<], forx =0

Its graph is given below
Y

Its graph is given below

Y
hgnx,ﬂ:?“
. o 0
bl

Case II When 0 < a <1, then values of y decreases with the

increase in x.
>0, for0<x<l1

S0, y=log, x=1 0, forx=1
<0, forx>1

1ts graph is given below

Y

(1,0

i) = Iog,x

a-=1

PROPERTIES OF LOGARITHMIC
FUNCTION
(§) log, 1=0, where 2> 0, a # 1
(i) log, a=1, where a>0,a #1
(#:1) log , (xy) =log , (x )+ log, ()
where 2>0,a# land x, y>0.

Logarithmic Function
Ler a(# 1) be a positive real number. Then, the function
f:(0,00) = R, defined by f(x)=log, x, is called the
logarithmic funcrion. Its domain is (0, =) and range 1s R.
As, 2>0and a # L So following cases aries
Casel When a>1, then values of y increases with the
<0, forx<l

increase in x. So, y=log, x=4 0, forx=1

=0, forx>1

TAMLAL s Uy g Ty s A p oo U

(v) log, x™ =mlog, x, where a>0,a# land x>0

() log , x™ =E]0ga(x), where a>0,2# land x>0
@ "

Note
Functions log, x and & are inverse of each other. So, their graphs
are mirror images of each other in the line y= x.



TOPIC PRACTICE 4|

OBJECTIVE TYPE QUESTIONS
1 The graph of the function, f(x)=x —1lis

(a) «

/ + (b)

(c)

o

/|

1)

/|

/{0. -

.

0,1

&)
&

+ (d) None of these

2 The graph of the function, f(x) =i2is

X

u

(a) «

(c)

. L ®)
(" ’_W

(d) None of these

3 The graph of the function, f(x)=4 -2x s

(a) +

\

/ 0, 2)
©.9 (d)

(c)

7

4 The graph of the function, f(x) = His

U
T K

()« \ > (d)

5 The graph of the functions, f(x) =|x - 2|is

N /
(a) « \/ (k) .\/

(2. 0) (=2, 0)

(c)+ + (d) None of these

SHORT ANSWER Type I Questions
Draw the graph of the following function. Also,
determine their domain and range.

6 flx)=2 7 f(x)=-2

8 f(x)=Ix-3| 9 nx1={x2' b
x, x<0



SHORT ANSWER Type Il Questions 10.

10 fx)=1-x7 '
11 Let f:R — R defined by f(x) =1-x?forall xe R". = /_(0.1) o
Find its domain and range. Also, draw its graph. (=1,0) 0 \(1.0
12 Draw the graph of f(x) = %xs. Also, find it / \\
domain and range. y

Domain ( f)=R; Range(f)=(—es,1]

HINTS & ANSWERS

i f(x)=1-x*
1. (a) 2. (c)Clearly, the domain of the function is R — {0}. ~VUxeR
3. b 4 () 5. (a) Domain of f = (0,#<)and Range of f =(—=s,1)
6. 4 x 0 1 2 3
0.2 f(x) 1 0 -3 -8
Y
X' 5 X .
y 3
Domain (f)=R; Range(f)= {2} €
1
A v e
X' -4 -3 <2 -1 N2 3 4 X
O -’2
X" X -4
-6
(0,-2)
-8
v
)
Domain (f)=R; Range(f)={-2}
8. » 12. f(x)= éx"a’x eR
3 x -2 0 2
2
1 fix) -4 0 4
x 3 X Doamin of f =(—es, =} Range of [ =(—ss, =)
Y
¥
4
Domain(f)= R, Range(f)=[0, =) 5
9. 4 2
fl)=x x=0 ;
A g ey T 2 a4 °
X x -1
u 2
-3
flx)=x, x<0 - -4

Domain ( f)= R; Range(f)=R v



| TOPIC 5|
Algebra of Real Functions

Let f:D, = Rand g:D, = R be two real functions with
domain D, and D,, respectively. Then, algebraic operations
such as addition, subtraction, multiplication, division and
scalar multiplication on two real functions are given below

(i) Addition of two real functions The sum function
(f + g) is defined by
(f+ )= flx)+g(x),Vxe D, ND,
The domain of (f + g) is D, N D,.
(ii) Subtraction of two real functions The difference
function (f = g) is defined by
(f=gx)=f(x)=-gx),¥YxeD ND,
The domain of (f = g) is D, N D,.
(iii) Muldiplication of two real functions The
product function (fg) is defined by
(fe)(x)= f(x)-gx),Vxe D,n D,
The domain of (fg) is D, N D,.

(iv) Quotient of two real functions The quotient
function is defined by

i(x) f( )) V ED1 nDz

7 ry fx:g(x) =0}

The domain of [L] is Dy N Dy={x: g(x) =0}
£

(v) Multiplication of a real function by a scalar The
scalar multiple function ¢f is defined by
(f)x)=cf(x),Vxe D,
where, ¢ is a scalar (real number).
The domain of ¢f is D,.
Note For any real function f : D — R and n e N, we define
(FFF... fx)=fx) A(x)... Ax)={f(x)}", ¥V xe D
n times n times

3
=M‘x¢2
x—-2
(i) (f - g)Nx)= f(x)- gx)= ‘_2 ~(x—-2), x#2
LA
(x-2)

@) (RN)= () 80x) = —

X(x—2P% x#2
2)

=(x-2),x#2

1
ol g =f(x)=(:) _
(iv) (g](x) o(x) (x_z)z.X=t2 G

x#2

EXAMPLE |2| Find the sum and difference of the
identity function and the modulus function.
‘75~ Iff and g are two functions, then their sum is defined by
v (f + g)(x)=1(x)+ g(x), V x € D; " D,, where D, and D,
are domains of f and g, respectively.
Sol. We know that,
f : R— Rdefined by f(x)= x is the identity function.
g£: R— Rdefined by g(x) =|x | is the modulus function.
s Sum, (f + g): R— Rdefined by
(f +g)(x)= f(x)+ glx)=x +|x]|
_x+xifx20_ |2x, if x20
x-xif x<0 |0, if x<0
Difference, ( f — g): R— Rdefined by
(f —g)x)= f(x)-glx)=
== if x20_ o, ifx20
x—(—x),if x<0 |2x,if x<0

x=|«

EXAMPLE |3| Find the quotient of the identity
function by the modulus function.
Sol. Let f and g denote respectively the identity function
and the modulus function. Then,
fiR— Risdefinedas f(x)=x

EXAMPLE |1]| If two functions are defined as
flx)= , x #2and g(x) = (x —2)°, then find

1
(x=2)

(@) f+g (i) f-g
Sol. Given t'um:t.iuns are

fl{x}- — ,x#2and gix)=(x— 2}

!
(iii) fg (iv) p

+|{x—2} x#2

(i) (f +glx)= f(r}+.gir}-

f:R— Ris defined as fix)=x
and g: R— Ris defined as g{x)=|x|
Clearly, f and g have the same domain.
Also, glx)=0=|x=0=x=0

Therefore, the quotient of f by gi.e. i is a function
g

from R— {0} — R and it is defined as

[f]u

X=1
flo_x X7
glx) x|

x=0

x
—=-1 x<0
-x



EXAMPLE |4| Find the product of the identity function
and the reciprocal function.

Sol. Let f and g denote respectively the identity function

and the reciprocal function. Then,
fiR— Ris defined as f(x)= x for all x € Rand

E:R-

x € R—{0}

We have, domain ( ) domain (g)
=R R-{0}= R—{0}

Therefore, the product fg is a function from R—{0} to R
and is defined as

(feXx)= f(x)g(x)= x X+ =1forall xe R—{0}
x

1
{0} = Rand is defined as g{x) = — for all
x

EXAMPLE |5]| Let & be a non-zero number and
f:R—)Rheaﬁmcﬁnndeﬁnedhyf{x}:%'v‘xeRPmd.

o (2

Sol. Clearly, Af, A*f and (%]f are functions from R to itself

(i) Af (ii) A°f

(i) (A F)(x)=h- flx)=h x%=x,\?‘ xe R
(i) (A F)(x)=A" flx)=24" x%: Ax,¥ xe R

=i_\?' xe R

(i) [%f]ir}-—-ﬂx} Txfe

EXAMPLE |6| Let f be the exponential function and g
be the logarithmic function. Find

(@) (f+a) (1 (i) (f - ) (D)
(i) (3) (1) (iv) (39)(1)

Sol. We have, f : R— Rgiven by f(x)=e*
and g: R— Rgiven by g(x) = log, x
(i) Since, domain ( f) domain (g)= RN R* =R"
o f +g:R" — Ris defined as
(f + g)(x)= f(x)+ g(x)=e* +log, xV xe R*
Clearly, 1€ R*
C(frgM=f()+gl)=¢ +logl=e+0=¢
[ log1=0]

(i) f.g:R" — Rand is defined as
(f.8)(x)= f(x)g(x)=e"log, x
(f-2)1)=f(1) g(1)=e'log,1=0

(iii) (3f N x)=3-(f(x))=3e™: (3f)(1) =3-¢' =3¢

(iv) (58)(x) =5(g(x)) =5log, x; (5g)(1) = 5log, 1 =0]

TOPIC PRACTICE 5 |

OBJECTIVE TYPE QUESTIONS

4* 2 96
I 1f f(x)=—~— then j[ )+ ,r[ﬁ] P ;[ﬁ)
is equal to
(a) 1 (b) 48
(c) —48 (d) -1
1 1.
2 If fx)=2° - = then fix) + f[;] is equal to
(a) 2° (b) %
I
(c) O (d) 1
3 0f f{x}_lng[ ]and glx) = (3x + x) _then
1+ 3x*
what is flg(x)] equal to?
(a) = flx) (b) 3 £ ()]
© [£0) (d) =3[ £ (<))
4 If f(xy) = f(x) f(y), then f(t) may be of the form
(a) e+ & (b) er+ k
(c) ¥ +¢ (d) +*

5 Ifxzland f(x)= i is a real function, then

F(f(f(2)) equals
(a) 1 (b) 2
(c) 3 (d) 4

SHORT ANSWER Type I Questions
6 Let f and g be real functions defined by

f(x)=yx+2and g(x) = \}4 - x?, then find each

of the following functions
() f+g
(iii) f-g

(i) f-g
)L
£

7 Let f:[2,) » R and g:[-2, =) — R be two real
functions defined by f(x) = J -2and
g(x)=,/x+2. Find f+gand f-g

8 What are the sum and difference of identity
function and the reciprocal function?  [NCERT)]



9 Let f(x)=x?and g(x) =2x + 1be two real mllsioel (48 times)
functions. Find [NCERT] = f( ]+ 3§ ( ) A+ f (9—6)=4

. - ST f 7

(i) f+g (i) f-g (i) f-g (iv) =

2. (c) We have
1
10 Let f:R— Rand g:R — R defined by flx)=x*-—
f(x)=x+1 g(x)=2x-3. [NCERT) f( ) ;
Findf+g, f-g, and-'[. &
¢ f(x)+f( ) -—-+—-——x =0
SHORT ANSWER Type II Questions e G iia®
L 3. (b) Given, f(x)=log and g(x)=L.
11 If f and g be two real function defined by 1-x 1+3x*
_ S o
flx)= ,]x +1land g(x) =+/9-x". Nows et 1+ g(x)
Then, describe each of the following functions. 1-g(x)
(0 f+g (i) g-r g 1+3x2+3x+x’)
(iii) f-g av) £ 1+3x% —3x— x°
: al 1+ x ’
£ (vi) 2f - B¢ Eli—=
(vii) f2+7f (viii) % =310g(i : i)
12 If f(x)= log(1- x) and g(x) =|[x], then determine =3[f(x)]

4. (d) Given that,
flxy)= f(x) f(y)

each of the following functions.

(@) f+g (i) f.g (iii) L (iv) % From option (d), we take f(t)=t*
Then, f(xy) = (xy)' =(x*)(yf
Also, find (f + g) (- 1), (f- £) (0), ( ) (%](2) = f(x)- f(y)
5. (c) We have,

HINTS & ANSWERS |

. f(ftx »-f:‘;t:
L (b)We have, f(x)= — flx
4 +2 2t
4l-x 41' _ x-1
s f(l— T cm— =
= e s s ot
- x-1
4 4
= = — XHiEx=1
4+24 4 +2 =
x+1-x+1
[Ist part dividing by 47 ] g
_ 2x+ x4" =2+4: - Rl
Ui s UGN = f(x)
I: 2: 3 x+1
Now, puttmgx-; b Eand adding, we get :-:Y
1 95 2+1
[f(97)+f(97)]+(f(97)+f(w)] = SUUeN=
48 49 3
A —— =—=3
+(f(97)+f(w)} 1



6.

flx)=fx+ 2, glx) =-1,||-1 _—

fix)is defined for x + 220=2x2-2
; Domain (f) = [-2, 0}

#(x) is defined for 4—x* 2= 10

= P —4=0

=({x=2){x+2)20 = xe[-22]; Domain(g)=[-22]
Domain () domain (g)=[-2, 2]

Ans. () (Vx+ 2)1+4/2=x] (i) Vx+2 1-v2-x]
{iii) (x+ 2)42 - x {iv)1/+f2—x
Domain(f) =[2, =) =0, [say]
Domain g=[- 2 =)= D, [say]; I3 n D, =[2 =)

Ans.w'x-z +olx+2)and (fx-2-+x+2)

. Letﬁx]:x,g{x}:l—: Domain(f)=R=1,
x

Domain(g) = R = {0}=D,; D, nD, = R ={0}

1 ) 1
Ans. Sum = x + — and difference = x - —
x x

L fre=(x+1), f-g=x"-2x-1,

2
x

f_g=21'3 + I‘z,i=
F o 2x+1

. _r'+g=3x-2_f-g=-r+4
l;rz-{z}-nz,£= L

r 2 g 2x-3

1. Domain( f) @ Domain (g) = [-1,3]
(i) (f + ghx)=ofx +1 +4fo-x°
(i) (g = fHx) =9 -x* = fx+1

(i) (fg)(x) =49 + 0x— x* = &* [ju}{l](x:|= || "”2
I 9—x

v) [1)( )= 2o
v f X

x+1

(vi) (2f = g) (x) = 2fx + 1 =445 =527

(vii) (_r'z +7fx)=x+14+T4fx+1

x¥E =1

(wiiid) [i}r}:ﬁ.x#-&,ﬂ
2. (i) f+g:(—=1)— R defined by
(f+gix)=logl—x)+[x]
(i) fig: (== 10— R (f.ghlx)=[x] .log(l - x)
(iii) i:r-u, 0) = R, i[r}=M
z £ [+]

N PR A R £
(iv) Jr.|,‘ L 0w (0,1) = R,[f](x]l ol — %)

(f + £) (1) =log, 21
(f-ghoy=0, [i][%) = does not exist, [%)[]E] =0



SUMMARY

¢ Let A Band C be three non-empty sets, then cartesian product of two sets Ax B = {(g,b):a € A b € B).
Here, (g, b) is called an ordered pair and cartesian product of three sets Ax B x C = {(a,b,c):ae A b e B,c e C).
Here, (a,b,c) is called an ordered triplet.

¢ If(a, b) = (x, y),thena = xand b = y.

+ If n(A) = p and n(8) = g, then
(i) n(A x B) = pg (i) the number of subsets of A x Bis 2°9.

¢ Let Aand B be two non-empty sets. Then, a relation R from set Ato set Bis a subset of cartesian product A x B.

* Let R be the relation from Ato B such that R = {(a,b):a € A b € B and the rule which relate A and B}. Then,
domain (R) = {(a:(a, b) € R}, range (R) = {b:(a, b) € R} and set B s called codomain of R.

¢ Let Aand B be two sets and R be a relation from set Ato set 8.
Then, the inverse relation fromBto AisR™ = {(b,a):(a, b) € R}

¢ A relation f from a non-empty set Ato a non-empty set Bis a function, if every element of set A has one and only
one image insetB.ie.f:A — B.

+ Two functions f and g are said to be equal iff
(i) domain of f =domain of g. (i) codomain of f =codomain of g.
Here, set Ais domain, set B is codomain and subset of 8 containing the images of elements of Ais range

+ A function which has either R or one of its subsets as its range is called a real valued function and if its domain is
also either R or a subset of R.

+ Algebra of Real Functions Let f:D, — R and g:D, — R be two real functions with domain D, and D,
respectively. Then,
() (f + g)x) = f(x) + g(x), Vx € D; "D, (i) (f = g)x) = f(x) = g(x),Vx € D, N D,.
(iii) (f 9)(x) = f(x) - g(x), Vx € Dy N D5. (V) é(x) = %,Vx €Dy, N D, - {x:g(x) # 0}.
W) (ef)(x) = ¢ - f(x), ¥x € D,, wherec is scalar (real number).

+ Different Types of Real Functions Suppose f is a function defined from real to real ie. f : R — R. Then function
defined as

{i) f(x) = x, ¥ x € Ris said to be an identity function.
{ii) flx) = k., ¥ x € R is said to be a constant function.
(i) f(x) = | x|, ¥V x € R is said to be a absolute function.

H when x 20
W) flx) =4, ' is said to be a signum.
0,when x =0

(V) flx) = [x} ¥ x € R is said to be a greatest integer function.
(vi) flx) = +JX, ¥ x € Ris said to be a square root function.

{vil) flx) = %, ¥ x € R is said to be a reciprocal function.

(wiil) f(x) = @”, ¥V x € Ris said to be a exponential function,
(ix) flx) = log, x,a >0, a #1, x > 0is said to be a logarithmic function.



CHAPTER
PRACTICE

OBJECTIVE TYPE QUESTIONS

7. Let f: R — R be such that f(x) =2". Then,
1. If two sets A and B are having 99 elements in consider the following statements
commoaon, then the number of elements common I Rangeof f =(0,=) IL {x: f(x)=1}={0}
to each of the sets A x B and B x A are L f(x + y)= F(x) f(y)
(a) 2" (b) 992 Which of the above statements is/are correct?
(¢) 100 (d) 18 (a) Only I (b) I and 11
2. If A={1,2 5 6}and B = {1, 2, 3}, then what is (¢) 11 and 111 (d) All of these
(Ax B)~(Bx A)equal to? 8. The graph of the function defined by
(a) {(L, D, (2,1, (6, 1), (3, 2)} l1-x, x<0
(b) {(1, 1), (1, 2),(2,1),(2,2)} flx)=3 1 , x=0Is
(c) {1, 1, (2,2)) I+x, x>0
(d) {(1, 1), (1, 2),(2,5), (2,6)} (a) Y
3. LetR = {x|xe N, x is a multiple of 3 and x <100} {0, 1)
S={x|xe N, xis a multiple of 5 and x < 100}. v /
What is the number of elements in “1=1,00 O (1,0
(R=8)n (S =xR)?
(a) 36 (b) 33
[EJ' 20 [d] G il "
. X ) ) Y
4. If Ais a finite set having n elements, then the
number of relations which can be defined in Ais \/
(a) 2" (b) n* 0.1
(c) 2" (d) n" ® o X
5. Let R be a relation in N defined by

R={(1+x1+x):x<5 xeN). © ¥
Which of the following is false?

{a) R =1{(2,2),(3,5),(4,10),(5, 17),(6,25)}
(b) Domain of R =1{2, 3,4, 5,6} 3] X
(c) Range of R ={2,5, 10,17, 26}

(d) None of the above

YI’
6. If f(x) = : i ; then {ix:fﬂ;]? is equal to (d) ¥
1 1
(a) E (b) E PN = e x
! ! N
= - (0, -1)
(c) 2 (d) >




9.

10.

If f(x) =cos(log x), then
F(x) f(») - %[f(%} + f(xy)] has the value

@=1 (b)% @=2 @0

If a function f satisfies f{f(x)} = x + 1for all real

values of x and if f(0) = %, then f(1) is equal to

1 3
- b) 1 = 2
(a) > (b) (c) > (d)

VERY SHORT ANSWER Type Questions

11

12.

3.

14.

15.

16.

17.
18.

19.

20.

21.

22,
23.

|f(£+ Ly- E] = (E,l] , then find the values of
3 3 33

xand y. [NCERT]

If n(A) = m and n(B) = n, then find the total
number of non-empty relations that can be
defined from Ato B. [NCERT Exemplar]
If Ax B={(1x),(1y),(12),(1,w)), then find A and B.
[NCERT]
If Ax B ={(a,)),(a, 5),(a, 2,0, 2),b, 5),(, 1),
then find A, B and B x A
If the set A has 3 elements and set B = {3, 4, 5),
then find the number of elements in A x B.
If A={a,b},B=1{2 3,5, 6, TJandC = {5,6,7,8,9},
then find Ax (B n C).

If A={-11}, then find Ax Ax A

If A={1,2}andB = (3,4,5}. Then, write down
(i) cartesian product 4 x B.

(ii) the relation R: A — Bsuch that (a + b)is an
even number.

If 4 =101 2}andB = {1,2, 3,4, 5}, then represent
the rule f: A— B given by f(x)=x +2by an
arrow diagram.

If X = (0,2 4}andY = (0,4, 5,16}, then represent
the rule f:X — Y given by f(x) = x? by an arrow
diagram.

If A={9,10,11,12 13} and f: A— N be defined by

fin) = the highest prime factor of n, then find
the range of f.

If f{x)=|x], then find (3 f) (x).

Find the range of each of the following function.
flx)=x, x is areal number. [NCERT]

SHORT ANWER Type I Questions

24.

25.

26.

27.

28.

29.
30.

31

32.

IfU={,2 3 4)andR ={(x, y): y>x forall,
X, y € U}, then find domain and range of R.

Find the domain and range of the relation
R={(x,y):x+y=8;x,yeN)

If N = {1, 2, 3}, then find the relation
R={((x,y):xeN,yeN

and 2x + y=10}in N x N.

Also, find its domain and range.

Which of the following are functions, if
X ={ab,cd)andY ={1, 2, 3, 4, 5}?

(‘) fl - ((a-l)-(b-l)-(cv3)v(d-4)’
(ii) f;={(a1),(b:2),(c,4),(a2)d5)}

Write the range of y = @
X -

Find the range of f(x)=2-3x,xeR, x>0.
Find the range of f(x)=x"+2 xeR.

2 _x+1

If f(x) = =———, then find f(1 + ).
xX“+x+1

If f(x) = i—ti then find f(x?) and [f (012

SHORT ANSWER Type II Questions

33.

34.

35.

36.

37.

38.

Let A and B be two sets, such that A x B consists
of 6 elements. If 3 elements of A x B are (1, 4), (2,
6) and (3, 6), then find Ax Band B x A
Determine the domain and range of the relation R,
whereR = ((2x + 3, x*): x is a prime number less
than 10).

If X={1,2,3,4,5},

Y ={1,2, 56,7, 9,10, 11, 12, 13, 14}
and f: X — Y be defined by f(x)=2x+ 3, then
find the domain and range of f.
Is g =1{(2, 3), (4, 5), (6, 71} a function? If this is
described by the formula g(x) = ax + 2B, then
what values would be assigned tow andp} ?
If Aand B be two sets, such thatn(4) = 3 and

n(B)=21f (x,1), (y,2) and (z,1) are in 4 x B, then
find 4, B and 4 x B, where x, yand z are distinct

elements. [NCERT]
Find the domain of the function f defined by
1
flx)= Jiox+ .
-1 [NCERT Exemplar]



39. If a function f: R — R be defined by

3x-2 x<0
flx)= 1, x=0
4x+1, x=0

Find f(1), f(=1), f(0), f(2).
40. If f(x) = x%, ﬁndw

1-1 [NCERT]
x2 x=0
4. If f(x)={x, O=sx<l
1 x21
e

Find () /(3] () £(-2) i) S0 @) £53)
42. 1f f(x) =xs—%,show that f{x}+f[%]=l1

43, If A={1,2},B= {1, 2, 3, 4},C= {5, 6} and
D= {5, 6, 7, 8}, then verify that

(i) Ax(BC)=(AxB)n(AxC)

[NCERT]

(i1) A xC is a subset of B x I

44. If A={1,2,3},B=1{2,3,4},C={1, 3, 4} and
D= {2, 4, 5}, then verify that
(AxB)n(CxD)=(AnC)x (B~ D).

45, Let A= {1, 2, 3,...,14}. Define a relation R from A
to AbyR ={(x y) : 3x- y= 0, where x, ye A}.
Depict this relationship using an arrow
diagram. Write down its domain, codomain and
range. [NCERT]

LONG ANSWER Type Questions

46. Find the domain and range of the following
relations.

(i R={(x,y):x,yeN,y=x"+3and0 < x <5)
(ii) R={(x,y):x,yeN,y=

and x is odd
l+x

natural number}

47. Determine the domain and range of the
following relations.

(i) ﬁ:{(x,%]:ﬂ{.r{ﬁ,xehr}

(i) Ry ={(x, x?):x is prime number less than 10}
1+x, -1=x=<0
48. If flx) = {x* -1, O0<x<2
2x, 2=x
Then, find 1
£(3), £(-2), f{lill.f[ 5} f(2—h) and f(-1+h),

where h >0 is very small.

49. Write the following after removing the modulus
fix)= [2x-1],- 1€ x< 1
50. Let A={-3,-2,-1 4}and f: A— Z given by
f(x)=x*+x+2 Find
(i) the range of f. (ii) pre-images of 6 and 4.

51. Find the domain and range of the following real
functions. [NCERT]

(i) flx)=-12x] (ii) f{I)=1‘|9—xI
52. Find the range of the function f(x)=1—|x +2|.

|x + 4|

53. Find the range of the function f(x) = S
X+

54. () Let A =(8,11,12,151823) and fis a function
from A — N such that f(x)= highest prime
factor of x, find fand its range.

(ii) Find the domain of the function
2+ 2 +1
(x)=—5———
/() x* -8x+12

55. (i) 1f f(x)=+fx? +1and g (x) =2x? + 3 then find
(f +g)x)
{ii) Find the product of the identity function and
the modulus function.

S x?0=x<3
56. The relation fis defined by f(x)= and
3x,3<x <10
x2, 0=x =2

the relation g is defined by g(x) = { 3y 2<x<l0°

Show that fis a function and g is not a function.

57. Find the simplified form of

e e e mmaes maan aseepeeseaa i ars aes e
flx)=|x-2|+|2+x|,if— 3 < x £ 3. [NCERT Exemplar]

58. Everyone wants to be a perfect ideal human
being. Let us assume that dishonesty is one of
the factors that affects our perfectness and
perfectness has an inverse relation with
dishonesty. For any value x of level of
dishonesty, we have a unique value y of
perfection.

{i) Write down the equation that relates y with x.
(ii) Does this relationship from x e (0,=)to
¥ € (0,ss), form a function?
{iii) For what level of dishonesty one can achieve
(%] th level of perfection?

(iv) What will be the change in level of perfection
when the level of dishonesty changes
from 4 to 27



59. (i) Find the domain and range of the function
x*-9
flx)=

2 _
r-3

(ii) Find the domain of the function
2

x“+3x+5

flx)==—

X +x-6

60. Find domain and range of the real function f(x)

defined by
1-x, x<0

flx)=41 x =0f and draw its graph.
x-1 x=0

61. State whether each of the following statements

are true or false. If the statement is false, then
rewrite the given statement correctly.

(i) If P={m,n}and Q= {n, m}, then
P xQ={(m,n),(n, m)). [NCERT]
(ii) If A and B are non-empty sets, then 4 x Bis a
non-empty set of ordered pairs (x, y) such
thatx e Band y € A.
(iii) If A={1,2)and B={3, 4),then A x(B nd)=o.

HINTS & ANSWERS

1. (b)nl{Ax By~ (BxA)]=n(An B)x(Bn A)]

=n(A N B x B A)=99 x99 =99

2. (b)Given, A={1, 2,5 6}and B= {1, 2, 3}

AxB={(1,1),(1, 2), (1 3), (2 1).(2 2),(2 3),(51),
(5, 2), (5, 3),(6,1), (6 2), (& 3)]

Bx A={(11),(1 2),(L5),(16),(21),(2 2),(2 5),
(2,6),(3.1), (3. 2),(3,5), (3 8)]

(AxB)A(Bx A)={(1L1),(1 2).(2 1), (2 2)}
3. (a)v R=103691215,..,99}
and § = {5 10,15, ..., 95, 100}
Now, (RxS)n(Sx R)=(Rn 5)=(5 n R)
= {15, 30, 45, 60, 75, 90} x {15, 30, 45, 60, 75, 90}
- Number of elements in
(R=S5)n (5% Rj=6x6=36
4. (c) Number of relations from A to 4 is 2" ",
5. (a) R={(2 2),(3 5). (4, 10), (5.17), (6, 26)}
Domain of R= {x:(x, y)e R} ={2 3.4, 5, 6}
and range of R={y:(x, y)e R} ={2 510,17, 26}
- Hence option (a) is false.

2 2
6. id 2 =‘1+x - 1+ x7)
(d) f(x7) PR Ty
Now, ) F(x*)
1+ [f(x)F
{1+ x) {1+ x%) {1+ x%)
C(l=x) (+x)1-x) {1-x)
: (1+x) T-xF +0+xf
1+ .
(1-x)* 1-x)

_ 1+ x° _ {‘1+r2]
2+2x* 201+ x%)

1
2

7. (d)

is a positive real number for every x e R

1. Since, 2" is positive for every x € R. So, f{x)=2"

10.

Moreover, for every positive real number x, there
exist log, ¥ € R such that f(log, x)=2"%2" = x
Hence, we conclude that the range of f is the set
of all positive real numbers.
IL fix)=s1=2"=1=2"=2" = x=0
Sofx: f(x)=1)= {0}
IIl. We have, fix)=2"
= fl{.'l’ + }l'}= o¥t¥ _ of o¥ =f|{_t}f(}‘}
Thus, f(x+ y)= f(x)- fiy)holds forall x, y& R
Hence, all the statements are correct.
1-x, x<0
(b) We have, fx)= 1
x+1, x>0

, x=0

Let fix)=y. Then, y=1-xorx+y=LVx=<0
y=lforx=1
yEx+l=—-x+y=1LTV x>0

Now, graph of f(x)is as shown below

¥

1=x ¥+1
0, 1)

o

¥

(d) We have, f(x)= cos (logx)

1 [ x ]
- fix}fiy}—glf[;]+ﬂry}J
= cos (log x) cos (log y) — % [2 cos (log x) cos (log v)]
= cos (log x) cos (log y) — cos (log x) cos (logy)=0
(¢) We have, f{f(x)j=x+1LV xeR A1)
f{f[ﬂ}}=ﬂ+1=1



1.
12,
3.
4.

15.
16.

17.

18.

19.

20.

21
22,

23.

24.
25.

26.

27.

28.
29.
30.

3L

- e

Now, take x = lin Eq. (i), then we get
2

)

3
1)j=—
= fa) .

['- Flo)y=1/2] ..(ii)

[using Eq. (ii)]

x=2 y=1

2" -1

A=} B={x.y. z.w}

A = |a, b}, B={1,52}

Bx A={(1,a).(1,b).(5a),(5b)2Z a2 b)}

9

{(a,5),(a.6).(a,7),(b,5),(b.6),(b,7)}

{(=1,=1, =1},{=1,-1,1),{=1,1, =1),{=1,1,1),{1, =1, =1}, {1, =1,1),
(LL=1)LL1)}

(i) A x B={(13),(1,4),(1,5),(23),(24).(25)}

(i) R: A — Bis R= {(1,3),(1,5),(2,4)}

\

X Y
{3, 5, 11, 13}
3[x]
Range= R

Domain (R) = {1, 2, 3, 4}, Range (R) = {2, 3, 4}
Domain(R)= {1, 2, 3,4, 5. 6, 7}
Range (R)=1{7,6,5,4,3,2, 1}
R={(1, 8), (2, 6), (3, 4)}
Domain (R) = {1, 2, 3} and Range (R) = {8 6, 4}
(1) f, is a function.
(ii) "~ f(a)=1and f(a)= 2 f, is not a function.
=11
(—=°,2)
(2 =)
W +h+1
K +3h+3

2
X
z

32, f(x)=

2
+1 x+1

x _1,[f{x]}2 =[.t —l]
33. AxB={(1,4), (1, 6)(2 4). (2, 6), (3, 4), (3, 6)}

Bx A={(4,1). (4, 2), (4, 3), (6, 1), (6, 2). (6, 3)}
34. Domain={7,9, 13,17} Range = {8, 27, 125, 343}
35. Domain={1,23,4,5} Range={57,9, 11,13}
36. gisafunction;o=2f=-1
37. A={x, y z}, B={.2}

Ax B={{x.1),(x, 2).(».1).(y, 2).(2.1).(z, 2)}
38. Domain=(— e, — 1) (14]
39. f()=5 f(-1)=-5 f(0)=1 f(2)=9
40. 21

L1 y 1
4. (i) 5 (ii) 4 (iii) 1 {W}E
45. A A

1 1
2 2
3 3
4 4
5 «5
G [
T 7
B B
O 9
10+ =10

-
=
e =

13 +13

-
b
.

F

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

46. (i) Domain={1, 2, 3, 4} Range = {4, 7, 12, 19}

111
i) D in=1{1,3.5, ... Range = { =, —_
(i1} Domain = {1, 3, 5 } ge {2 e }

¥

1111

47. (i) Domain={1,2,3,4,5 R =4, - - =, -

(i) Domain = {1, 2, 3, 4, 5} ange {12345}
(ii) Domain = {2, 3, 5, 7} Range = {4, 9, 25, 49}

48. f(3)=6, f(—2)= Not defined, f(0) = Not defined,
f(’;)=% f(2=h)=h —4h+3, f(-1+h)=h
[l—2x.
49. f(x)=1

-1€x<

2x-1, =—=<x<1
2

50. (i) Range(f)={(8, 4, 2, 22}
(ii) There is no pre-image of 6, pre-image of 4 is =2
51. (i) Domain = R Range =(— =, 0]
(ii) Domain=[-3,3]  Range=[0,3]



52. (—=,1] 60. Domain=R Range = (-1, =)

53. {-11) Y
54. (i) f={(,2), (11, 11), (12, 3), (15, 5, (18, 3), (23, 23)} ¢
Range = {2, 3, 5, 11, 23) = 2
(ii) Domain= R — {2,6} -
55.() (f + g)x)=yx* +1+2x* +3 y ’ ¥ "
& Y. 230 -4 -3 =2 - 12 3 4
(i) (f-s)(x)={ T 2 Al
-x°, x<0
-2
2x 2 x<3 3
57. f(x)=4 4, -2€x<2 o
—2%, —38x<-2 ¥
58. h)y= -’-‘- kisconstant  (ii) Yes 61. (i) Itis false, because if P = {m, njand Q = {n, m}, then
x L P x Q= {m, n} x {n,m}= {(m,n),(m,m),(n,n),(n, m)}
(iii) 4™ level (iv) —to— (ii) Itis false, correct statement is "'If A and B are non-empty
4 2 sets, then A x B is a non-empty set of ordered pairs
59. (i) Domain= R - {3} (x, y)suchthatx e Aand y € B".
Range = R — {6) (iii) Itis true, because BN o =¢

(ii) Domain= R —{-3,2} AX(BNo)=AX0=0





