X X RELATIONS AND
FUNCTIONS

INTRODUCTION

In daily life, we come across many relations such as Teacher and Student, Mother and Daughter,
Book and Cost. In mathematics also, we come across many relations such as

(f] number x is square of number y
{if} line [ is perpendicular to line nr
(i) set A is a proper subset of set B

{iv) area of a circle with radius r is m2.

In each of these, we notice that a relation involves pairs of objects in a certain order. In this
chapter, we will learn how to connect paies of objects from two sels and then introduce relation
between two objects of the pair. Finally, we shall leam about special type of relations catled
functions. From the beginning of modemn mathematics in the 17th century, the concept of

function has been at the very centre of mathematical thought. 1t gives the mathematical rule by
which one quantity corresponds to another quantity,

2.0 ORDERED PAIR
An ordered pair is a poir of objects Jaken fna specific order,

An ordered pair is written by listing its two members in a spe-:tt‘_p: order, m[mrr.linﬂ lhﬂm.h!"
a comma and enclosing the pair in parentheses, In the ordered pair (i, 1),  is called the first
iember (or compoent) and b is called thie second member {or companent),

Equality of ordered pairs. Tuo ordered privs (a, by md (e, o) wre colled equal, written as
(o, B) = {c, d), iffa = ¢ and b = 4.

REMARKS R B |
1. The word ordered implies that the order in which the two elements of the pair oceur is
meaningful. For example, if we have a sock and a shoe, the order in which they are put
on matters. In fact, there are situations in which erder is very important and essential
2. The ordered pairs (g, B) and (b, i are different unless g = b,

3. The two components of an ordered pair may be egual.
4. Note that [¢, b} = (g, I, because o, U] is a sel whereas (2, b) is an ordered pair.
2.1 CARTESIAN PRODUCT OF TWO SETS

Let A and B be amy two non-empty sels, Hen e sel of all erdered pairs (a, ) for all # € Aand he B
15 cafled Mg cartesian product of A and B, 1 is writfer ars A s B (regd s "A omiss B')

SHrI:[Ja!inﬂIy, AxB=llnb:forallne A b e B,
FEE S RS —
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B
For example, lat A = |1, 2, 3| and B = {3, 4l, then

A B =0, 31,4 2 302 4) {3, 3), (3, 4)) and
Bx A= (3 1), (3 2, (330 (4 1.4 2) & 3.
From this example, we pbserve that

M AxBaBxA
(i) niA x B)=6=3x2=nlA] = n{B).

REMARE,
1. AxBz2BxAunless A=D1

2, If A and B are finite sets, then
nid = B} = n{A) = n(B) and n{A = B) = n(B » A).
3. A x B = ¢ when one or both of A, B are cmpty sels.
L AxBegiff A=oandB=y.
5. 1A and B are non-empty sets and either A or B is an infinite sel, then A »
infinite set,
The concept of cartesian product can be extended to more than two sets.

Let A, B andd C b any non-eorply sets, then the set of all triplets (a, b c} for all a .

7 " + AHp W, €A hepd

¢ & Cis cnlled the enrtesian product of A, B and C. It is woriftert as A = B x C. Thus, ¢
Axﬂucn-gfn,lr,e:}:ﬁrnﬂnﬁ AbeB ece ]

ILLUSTRATIVE EXAMPLES
Example 1. If the ordered pairs (x - 1
JW+ 3 (2, x4+ 4
Solution. (x -1, y+3) = (2, x + 4) @, % +4) are equal, find x andy.

(if) n{A x B) = 6 = (B x A).

B sy

= I-1=2 and _'I'_IE"I""I
= ¥=3 .'.I]‘“i .E"-"I"'l
- ¥=3 and y=3+1=4

Hence, 1=3and i =4,

Example 2, Find v and Viflr =3y o7 + 4y = (=2, 5
Solution. Given (2 - 3x, y* + dy) - -2, .I_"-i]- o

= .1.*1—3.1.'=-—E.'|:1d||,."*'+41,r=-5

= .':E—H-.T+2=I:Inn:iy1+4y—5=ﬂ

= {r-ljl-[.rvz}-ﬂam'l{_l,.'-l]'{],r+5}=ﬂ
= I=],2Ell'l.d_§"='|..—5.

Hence, x=1,2%yny, -5

Example 3, jf p I
producs {"]'m'r[il = ‘Iﬂ’ ! ':i At 'Il:l = |I'ﬂa l,l'i]ﬂ'l? tiir ap

Solution, Given P = | ) ¢l and
e U, Q= {d),
PFQ*[{ﬂJd}r{&rﬂi[q’d}l’ &

t5 P x Q and Qx P Arp fhgse o

by definition of tertesian product, we get

{n, d) is not 1
Bqual to the pair {d &k

Exa F
x B Rled, fa= I, al and § -

a x:xen
5 ﬂ“d X ]'5 i o
Enlllliﬂl'l. Given A - {P- it PrIRte wueher less Miane 6), then fol
B =5 iI ‘T e H
' and x jg a
= (23,5 prime number |egs than &)

Then, A =
*B=iln2 py (. 5), (g, m, {g. 3), 1 5))

—_—
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(ATONS AND FUNGTIONS R T
E_,;,;mple . lfA=112.3, 4] and x, v A, faree the set of gl aretered prirs (% 1) waeeia thal - fa
o dizisar af i :
golution. Given A =11, 2, 3, 4 and x, e
The set of all ardered paies (x, y) such '-h-.'ll x is & divisor of ¥
= (L 1 (123 (L 30 (L 4) (2,2, (2, 40 03, 3, @ 40
pxample & Fxpress {x, vl i+ Zx =5, v, y e W] as the set of ardered nirs.
Golution. Since ¥ = 2v = 3 and x, v ¢ W,
puit z=0, y=0=5 3 y=5
y=1; yrdwl=3 = y=3,
r=2, '_1""1'-:2 b= y=1L
Por all other values of x & W, we do not get y £ W,
Hence, the requined set of vrdered paies is [0, 53 01, 3), 42 1L
Example 7. Express [(x. ) i x + 3y = 20, %, y & N}-
gofution. Given x + Gy - 20 = » = 2N -3y, x, vy & K,
Wheny-1 x=-20-3=1=
whon - 2 =3 3= 2=1%;
when y =3 x =2 -3x3~11
when y =4, x=20-3 =4 =8
when v—5, x=20-3x0= 5:
when y =6 x=-20-Fxé=2

Fnr zll atner valizes of y © N, we do not pet s & I
[lenee, the required sel of erderad pairs is
(2, &), {5, 5) (8 4}, (11, 3}, (18 2 {17, 1))
Example 8. &F A - |1 5, B=|% 6. C= {2, 4. find A = (B Ch
Solution. Give-n A= -Il, 5 m=[z &L C=I2% 4l
than I 1R
, A= (B |[1 JTl i1, -i-,,. i1, &), (3, 2, 15 4) {5, 0l]. .
Fuample 9. [ = frrx = d, 2 6 Nod - Jrrxsloae WL Joed (P U Q) = (P Q) |
Solution, Given P =[x =<3, xc Nl =L 2] and |
0= [z g=2 x= W =19 12 |
S PO =01, 2 and Q= (L 2 |
(0L Q) = (F Q0 = i 1k o 2 0L 30T 2 (z 1} (2, 2. .
Example 10. If A = xe Woa=3hB= llxe N 2=x <4 and C= |3, 4], then verify that
{.4UH]1L-—{H1Hf]"{Hxﬂ]. |
Solution, Given A = lx[re Wox=3=10712
b= fx | xd M2 xed] =% 5 and = |3, 4 |
= AUR Bz 1 :
(AU By % C o= 103y @40 (130 (40423, 3 4 3, 3 3 44 ol |
A w o= |03, 00, 4 (130 L 43, (2, 3), (2, 4)] and
B o~ (203,02 43 5 (5 4.
f(A = C) U (B =€) = 0, 30, 00, 40, 3R O 4 (2. 3, {2, 4) (3 3 (3 4 wandil)
From (i) and {ii}, we find that
(AUB = = (A w 10 (5 2D
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i gER i
A ) o 3 - !
AR le 1L A = 18,21 B= (2, 3l and C = i}, foem the set AxlixlC
PR R e 3 L B
Solution, Given A = (1 2. B = (2 3 15'“.':1 L= {D:'él;'r .g;
AxBxC=[L3Z Q), (1, 3 Q% (2, 2. {a), (2, 3 |
Example 12, if A = {=1, 11 for Hip zef A w A x A
Solution, Given A = (-1, 1k by det. | | |
" II'.'I. -~ .!':'5 ] .ﬂi!l. = 'I{ '1_. —1, —1:', |:—'1_. —-.[_. ]_]_. |:.‘_ J-_- 1.! _1"; ..I:_ -I.l -l-.-' -‘-.:I.-
| 1 -1 -1, (L =1 0 (11, =), (1,1, 3y

; i . ealiat o fie caefestat products R x|
Example 13. If R iz fhe sof of all rel riaerribers, Adh w0 B |

R x K x R represent? it
Salution. The cartesian product R« R represents the set {(x, g} : % y = R which rEPmﬂﬂf?

the co-ordinates of all paints in two dimensional space.
The cartesian product R = R x R represants the set {(r, v 2) 1 X W
the co-ordinates of all paints in three dimensional space,
Example 14, [f A = £ {6, 20 (3. 13 (4, 2 (0, =1}, (3, 2), (4, 1)), fhex find B x A,
Solution. Clearly, B » A can be obkained from A x B by interchanging the components of

z ¢ R] which represens

ordercd paies in A o= B
C BowA= {02,061, 8, (2 4, -1, 00 (2030 -1, 4

Example 15. I[f A = 8 = {{z. pl. (& a) (e p) e g) 00 ) e g, fid A gind B
SoluHon A - set of fiest comporents ol A = B = {1, & of,
B = zet ol secand componenls ol A = B~ (g 4.

Example 16, La! A and 8 be Gpg sels such diat w {A) = 3 and 0 (8) = 20 I {x, 1), (. 2), (= T)ane
A x B, find A and B wherd x, ¥z s distion! elginenfs. |

Solution, Since x, v and z are distinet elements and (x, 1), (0 2), (2 1) are elements of
Aox B, thercfore,

LHeese Aandl, 2 e
But & (A) =3 and n (B} = 2,
A=z and B =11, 2],

Example 17, The sarlezion product A 2 A L 9 alenints F el are Faand (7 ;
Find fhw ;5‘ A and the ISHrr-'-"rrr'rfT ol l;.f-;l i‘i 1.:?![.‘.'#-’.?:1% ARDRET T e {_,f N ard ffL I]—

Solution. Lot o (&) = 5,

Given h (A=Al =9 = n(A)l n(Al=0

= Mo -9 = =0 =y 3

Given -1, Dl e Ax A= -1 c A and Be AL

Aleo L 1le A v A= Je Aond e A

Thus, -1, 0, T & A bur p A = 3

Therefore, A = 1=, g, 1k,

The remaining elements of A « A are

o = 003 L

':.-_1- = ]]r {_J_, [_r I::l oy
'F:{.’lm]_:l-fE 18, {:_"r't:l;” A = |.|I_. E'J '3 i EJ rl”n. H : |:- v Ijr I:I-'Ip D.].' [.].- _]-Jr |:]!- D}J {1.I 1.:'.
whiicit sadizfy (e condis :

. =Hr vl ix e _ :
I:!}x = iz grl.-'l_'ff !I:I‘I'IJI":'T'H . _-] o I"?I,- l!f = _r'll r”rﬁl ”Ht‘l sof I'_:l_ll"lﬁlf'ffErTllf F.-,:r;'r_e
g : Aas Wi} x+yex

j 34 5 and R o ot
rltE : ﬂ. = A First, e lind B i, "i[: f e Ay Al
o et
Ll 'Lfl.]J'i:l,I:]H ¥
(3, 3), (3 - (2, 7),
b (3,04), (3, 3), 1 1, 4, 3), (4, 3 {f?- j]}, [[:_. A2 4, (2, 5, (3, 1), (3. 2
b ’ # 1% ’ ] '5'.]!

15 1). (5, 2), (5, 3), (5. ).
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AEATONS AND FUNCTIONS 2
Lnﬁ-r.:'fﬂ_:'_a'-

ﬁu..Tf; has 25 ;{iffm"ml ordersd pairs,
{rrJ The *“‘:":";‘fl :‘{“: u}flh;?ﬂ::af:} Ill:: -.:nditiun x4y <Fan
s ﬂr;:u;;i :ﬁ:l:;k:iﬂ af'“ﬂ‘ satisfy the condition x + ¥ > § ane

EXERCISE 2.1

Very shart answer type questions (1 to 17) :
1. Find a and b it .

dla+1,b=-2)=13 e [ . g
(i) =% 1) (if) 1?1,;._3],[?1%]
(i) (2a, a + b} = (6, 2) (o) (4 + b, 3b—2) = {7, = 5)
2. Find x and y if
(i) fx =y x+3) = (6 10) (i) (2r + v x = v} = (8, 3]
3. 1f the ordered pairs (. ~1) and (3 B) belong to fiv, )iy = 2¥= 3), find the values ot @

and .
4 [P =17 B] and Q=[5 42 find P = Qand Q x P.

[3, 5], write the fallowing :

51 .[':.I".I.= ;_Ir ':L. iI‘ .'l.['ld E =
(i AxB (i) B x A (i) B = B.
6 HniA)=2and B= (-1, 0. 3, then what is number of eloments in A x B?

7 If A is a set such that n (A} = 3 and B =
inAxB?
ite the number of elements in each

B fA={-3-1 0, 4] and B = 10 1% 3], then wr

of the following cartesian products :

(N A=B (if) B x A
g [fA =12} and B= [3, 4}, then how many subs
10. fxe (23 5land ¥ & (3, 4, 6], form the set of all ardered pairs X

1,2 345 and v & [0 3 &), form the set of

13, 4, 51, then what is the number of elements

(i) A= A {fo) B x B.
sts will A x B have?
y) such that x < ¥-

1. lix e |-
x+ =
12 lfxe (234 andy e [4 6 g, 10}, form the set of all ordered pairs (x, v} such that v is
¢ afactor of ¥.
1B KA=|-1012 3}, write the eubset 5 of A x A <uch that the second component of the
elements of 5 is 0-
|, find A and B.

o), Gty b {om )
-'Ir E]r ['z-r ]L {zr 2}! I:'\.-!I.I
enls of A = B are {x,

14, If A = B = (@ 0
15 1A xB=i=11E
16. If A =[x v 2l and some elem

that n{A = B) = .

1'?- IE.I&I- b B- = ‘I{.Tr 1}; {,_l;lrr 2}1 |:-1'J 3Ir {Hr 3}-' ':#r
B HA=234andB= (5, 7, 9], find
(i) B = A

i) AxB
{111} ]aﬁin:B:-CA?' [IF}IIE-HM::E}:ME::M?

1), (3, 2], find A and B.

1), (. 2h (= 1), then write the sct B such

1}, (x 20 then find B x A
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=4y ol UROERSTAMDING 150 L1,u.'l"|_;5r+1l:"
F;:IPE_-:-E ) - ]‘m‘a
19, Let A =1, 2,3, B= {3 4] and C = { 2, 6. Fing

0 & (B C) (i) (A = BY O LA = Ch

iy A x (B U C) () A = B (A = )
20, LetA={l, 2, B={1,23 4, C={5 6 and D = |5 6 7 8}
Verify that
N AxBAC~{(A=xBN(A=C (i) Aox Cisasubset of B ox D
. IFA=|rire W, r= 2,B=jr:re N, l<x<= 8l and C = {3, 5), find
MA=BMNOD (i) A= (B LUCL
D UHA=[xixeNandy <3, B=ly:xe L -12xs1)and C=|{L 2} verify that
B AxBUCI=(AxBU{A=C (MA=xBEAC=A=B)NAxC)
(i) (A-B)xC=AxC-BxC
23, T =11, 2], form the set P x P x P.
4. If A, B are two sets such that n (A » B) = & and some clements of A x B am (-1, ),
(2. 3), (4, 3), then find A = B and B = A,

25 Giiven B = {2, 3, 5} and some elements of A x B are (a0, 2), b, 3), (o 5). Find the set A and
the remaining ordered pairs of A x B such that A x B is least.

2.3 RELATIONS
In everyday life, we [requently speak of relations betwveen two or mare objects. To learn the
conrepl properly, consider the following examples

(# Let A =1, 2, 3,5) and B = {2, 4], then

A B = (1, 30 (1, 43 (2, 2), (2, 4, {3, 2), (3, 4), (5 2), (5 4.

We can obtain a subsct of A x B by introducing a relation *is less than” bethwveen the elements
of the sete A and 13,

I wee write R for the relation s less e, then sve ot

1R 1R42R4, 3R 4

Omitting the letter B between fhe abave pairs uf

numbers and writing these pairs of numbers s orderoed

pairs, the above informalion can he written as g spt of
ordered pairs R where

E o= {1 20 (1, 4 (2, 45, (3, 9
= {{x, yh:x e A, ve DB xay,
Thuss, the relation ‘s less San’ from the et A o the sot
such that (x, wh e Rl x Ry i iff v = .
i Let A=123.59 and B - (4, 6, 9, 15, 98], Thisra 155 o]
elements of the sels A and B, If wp write R
ZR4ZR63R6EIRY3R15 5 1
This can be wrillen as & set of ordered
R = {24028, (4 5,
= {fi'._lf} L% B "!!"'3"";

Thus, the relatign ©. ot

! &5 oq il

.Il't x B Sui‘!l Ehal [-T I_II.I e R II-' : - I-]-IE "\.Et ]F E]'L'EE ][E 3 ] B H f
o] ify R W Le iff ¢ je g divisor of v S A g

(%) Let N he the
* st of -
to N. If we wrign R for the Nalural numberg, heps

relation Yigs 5 s s
i
'JRI,ER::,ER*J,-*LR:IIE,F:RES %

B gives rise to 4 subser B of A xD

: . atien ¥s q divisor of " between the
or the relation s 4 Aisor of ", Hun we gt
3 5R25,.0R 0,

pairs B where

5 2 relation Yt

. as is square’ from the set N
re’, then we pee
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'ﬂ":'ﬁﬂfn .

This can be written as a set of ordered pairs R where
p o= ({1 1) (2 4), (3, 9), {4, 16), (5, 25), ......)
= e w:x.4e N p=2
'r]'IUEi- Fiza subsct of Mo« M eueh that {_1[._ .IJI] = Rillx B i i, iff = .
The abuve examples lead to
[ 'E : i|' - ] i )
Definition. If A, B are ary two (rem-empty) sets, then gny seised of A = B i cnlled @ velation from

Al B
be : 1als; i
R rE]:= on from A to B If R = g, then R is called the smipiy relation ancd it
R A B then RS called the weiversal relabion. :
= Il% a relation from A to B and if {q, 1) & B, then we write o R & and sav tha
g0 b and if (s, ) ¢ E, then swe write % b and say Lhal a i= not melaled to b ?
gy parkicular, if A &= any (ron-enpty) sel, then any subset of A % A is called 2 refafion on A,

| o is related

2.3,1 Representation of a relation

1. Ttoster form. Ln this fommn, a relation is represented by
helong, bo the given relalion.

For oxample, let A = 1,2, 34, 5 and 6= {L 25 4 ...,
as its square’ lrom A o B. then

R = [(L 1), (2. 43 (3, 9, @, 16,

oL
3 Get-builder form. In thms lorm, the relation is represented as {{x, whe > A,y e B x b _
!

the hlank is to be replaced by the nide which associates x and 1.
Tor example, let A = 1,34 57 B= |2, 4, & & and :
=1, 2} (3 ). (5, &), {7 # fhen K in the ;-.JuiI]lLL‘I' furm can be writheo as _'
R={lx, ):xcAVE B'x is one less than 1.
d by drawing arromws from first
i the given telalion.

the sel of all ordered pairs which

it and Jet R be the relation “has

the relation is oepresente

3, By arrow diagraml, Try Uiz lorm,
ol all ordered paics wiich belong

companents fa the second components
=1{2, 5, 4] and R 2 B

Fl:-'f 'L"'.i'l:ﬂ“l[JJE',. ]L"l. J:"I.. = '”._. 2. -\.!'_- :I‘_. E
) tio ] BT ,
ﬁ.’ 1.1| [l "l/-‘_.“"'\-\.\.\‘l-l }‘fé;:_\'\-\."

be Ehye relation fis greater than' from

R = (3 2), (5, 2) (5 3 & 4l | w._x.% gt ]
i ____,.-ﬂ-' II |

9 ‘--._:. e [
This relation R from A to JFcan b represented by ﬁk\ﬁ_ﬁ-;, _‘\\_,/'I
the arrow diagram shown in g 2.2,
Fig, 32

2.3.2 Domain and range of a relatlon
and R ke & relation firm

Let A, B be wny b fru::-.--a:rrjpr_l_.'jl seks i j

1, is the sel of all first compancifs of the ordered pRars .{q'.i|'J.'|.‘||I_|!J!‘.I'-!:“||!_-.'_: f

K s the sof of all seoond cowpotienls af 1w prgeeed paains cuich betomy fo R, Thes,
domain :I.'-'_,f'lﬂ =[xrxE A {x, y} € fe for g ¥ & B and

=[W:iWeE A, (x, vl e R for some ¥ e Al

o B, then B i calle codonein of &,

oAk B, finen fhe lerpiiazin L::Jr Hee refation
B, ened Hie rinege af the redniion

FiaRge .-_nf R

If R is a relation fram A

For example,

let A = (1,3 % 5 7L B=

K= (i1, 20, (3 4 (5 6 {7, 8. Here,

domvain of B = L & 5, 7} and range af B=[2, 4 6 Bl
cote {hat range of Ro= B = codomain of K.

Tn this example,

|2, 4, 6, 8} and R bu the relation s gne foss Hien ' from A L0 B, then
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ILLUSTRATIVE EXAMPLES :

Erampde 1A ki B AR apd it thad sk = gl H(RY = &, fnd W
frome o b B
Soluntion. iven mEAaY = ol i) = &
i % B = Ak x B - ok
Pl sontabwer of ssdscks of Ao 1= 2
o6 e AY o then the mouber of salsets ol A il

: | |
Since ety subsel of A x B s a colation fwm A o 1, thegeture, flwe nwmber ol welalieng Troy |
A b R 2

B rtnittder "”ﬂqr@

Brample 20000 melationr & - U 1), 120 40 =1, O T | A '
I._i"l sl deeniain |_:+' k. L) oM e rirte '.:'r- k.
T weedfe Ban B fadlider marnn, i) repuesent R arnoee ”Irl"-"':r'"""'
Solatien. Given B - UL W, (L 40 1= 1 =20 G5 ok 41, 2, A
W Domadn of B~ 00 2 < L3 L A |
W Romgse of B o< |, =2 o 2, I." P — |
Wi B ol Davilder fovm can bes serilben as [ =1+
B i iire Lolgn e =2 '.,H qe
(i) The welation B ovan B ropresonted Dy L "—-"'—-_-_' "I'I"'“""'z___r
the arvowy diagrom shown e fig, 2L - Fry, 2
Example 3, 05« =0, 200, 8 B 503 6, Thand B e the velition i one Tess than® fram A
fo B, Hien

W1 Al [ aeear sed of andered pains,
Soludion. ) Civen & = [ 20 5 8L B
Erovinn At 15, Cherobony,
R = [(=1, 0 (2 305 4l
(e} Domain of K= =1, 2 5] and angge of | 0, 3 6,

el fined doendn wond nange of K.
WL by FEoand 1is e relation e ome Tess e

Example 4. 07 A = |1, X 3 # o |1
() fand A R,

{eee} rorite domerder ot reoage of B,

CA A e B0 e e v e A x By =0 2 Hien I|
LD zorete ™ ofn poster firp,

el avpreseet B D ww aevase disseran,

Solution, 01 i1, 1 (L, 25 (L 30 40, 4, 02 1) (2 3, i A 3 |

23, (380 03, 1), (3, 2y (3, 30, (3, 400 A 1 |

(i R [0, 20,42, 3, 638, 4] |'II S e T '

i) Dommain of 18- 3,28 3] and mange of 1 = {2, 9, 4, | i ._‘_g'l T et I

tied The melation B ocan e epresented by the aeeo : .Tf _"-———_E | ‘
diagram shown in g, 2.4, ' "'\__:'4

_ _ ke, 24,
Example 5 804 (L 200 4 o W sl e velation 1 i defiened froms o4 g A

|
fiey |
R=|lylidi-gellype Al ’ 1
o | RO U L SRR SR i . 1
(i} .urlu i ]II.I rewadey fureen, NIRRT il d,.rjl.lml.r curlniai) il P

e Dhepivd Heis endelionsiin boe wor vronn Wiy o |

Solutio. Given A - |1, 2 9 | ;
et g L, melat ; ; %

o n x e A e Telation B ofrom A la A ds deiined by 3y =y =0 in |
i K ':{.I. A, |::Ir iy, L8, a1, ['I‘.- ]:”
Wy Damain = {1, 2, 3 4 ;

cislhomain - 1) 2 & vew 14)
anel ranpe oy i U, 12

(Y Th el
) ”.L !1 lalivsn [ e L Fepisep i by Il
shirram showen iy dipg, 2.5 o

= i
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Erample & Deins @ relation B on the set N of natural munbers by

R=llx.wlrg=x+3 3«21 v £ N). Degict this relasippsiniye wesiig
{1} moster form () an arroen dingnam

Wrire Soumr dotai and unge of B

Su.'l_n;l:l.m'[_ H Given K= {ix. _|'"I P =x+ S re=d4 1 ye M

ctandre M. sor=12.3

L
Ti";:."'l.—:'.'l e o r= 1+5 - fi
WhIE X =:._.J—2 L5 = 7 and
whepxr=3v¥=3-53=56
- R=[il, 6} (2 Fu {3 8
{iry N

™
g
I,.af’

: b T — | = md
=" ——r e | L R |
R e O il B
1 4% I -'-—_____'.I = T '.'I
| = | = E_F/./)
! L o

3} and range - [A, 7, eH

.
pomain = [1. &

e e shosrs a relation beliredtl p c
Example 7. The adjeirig dLTgTiIH fors Lk ;1 S \II
i L, LT i ™ a1
#

by et B oaed EF AT this ravaion ] " 3

g sris 2 gnd ,;‘_ i - e — - L

1 e - / _'-I-\.__I_E:_—\_-.-"'_i._" 1
(3} aar spstel foritl | g.._-__]:ﬂ::_.. %H“'h-,_ = | I
. T, e 5 - --.__\___| a3
(5} dr et Fuildsr fore. T S el bre g !

Fidadd

- 1 _'. .
ETLR O Py R Py | TV F1 Girla e '-'."-" '.\ / 1__‘5‘/"

Solutiom. (f) In noster form,
£ . an T =
R = (L 7, (4 -2 (8 3 (& =2k L=
) T -
i In eo) builder rorm, R = [(x, 1} B i
i o 358 and ibs range = e TSy !
k= 2 -

| Bee pelaticn B defined by -!

R ] T !

i iz < FE
Domzin of ES ralabion

"I

Ciad I g iy kel FRp range

Example & 1

"n.-_||,'|.'—'1..'“'.a-'|'l 1EL|JI—"'
i i W
Solution, Given x = [0 1 = e (53 S5 |
Laagnil = 5. -l =|":| 'l_— = h ¢ b o
when =0, = 1 1_1-3.-;:1.:1:--3—1 # _f'
= 1._ =1 T S
1=k : s 7=3andX TAT T ; :
e Bt ol i et R G R 1
=% e and il £ |
- - = s - fi
=4 g+ 1=37 _5+3=8 ;

1
I
L)
=
=
et
i
ad
|

14
o
.
Led

Hance, Bo= (1, 30 ¢
g L i T s
s Domanof R=1[L = i _ &, then

F:r.amt:-h_a 0. r- = e Wl _H o I" 2
] 'IJ"I Lze dararri and Hpe WL

.k
3

T

ur’..- i i s "
§and T. V€ L |

e I.

Ty ==

{#] wnfe & as 8
Solution. (f) Given
Whan x =1, '-?':-Ll.]—'-'__""

- o= B
whn ¥=1,2=1"¥7

=3 g

—
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: WMBIENSTANIDING J5e
o AGhE 8 MMI-IEI"'U'.

whin w2 207 Yol yeod :
whim x « L, 2x3+pe b pold
when v=d, 2xd tpeBes =l
Fow all esther values of ¥ ¢ W, we do not nel iy e W,

Plomain of B |, 1, 23, 49 aned ranghe of B B 6, 4, 2,0,
Gl 1 s set of ardered paies can be writlen s

B (0, 83, 01, 6, (2, 40, (3 2), G 0],
Example 10, 1 B = |, Whexoye Noxd 2y = 21, then

(03 S o chewsing el dhae e of

LY werite B fn e poster Tiran.

Solution, {7 Given 1 Q=21 = »

mbe el i el i e

B bl e o e il

1 21 = iy, ¥ ye N
Wheny =1, 2 =91 - 2% 101w

whon ¥l w3t ais I7: 1
wheny =3, xe21_9419= 15

when =10, ¢ = 91 - 2= 1 w1,
For all alher values of W M, owp

denol pol v e N,
Domain of B

= v (v 9 & R for some ¥ e N
= 9 17 150 1} and

range af B = |y - [y, vl & R for some x e M|

o
B | ST
() % i the master foem
= 0% 10, 17, 29, (15, 3, (1, 1],
Example 11. [/} (I F LR ¥e W gl

-3 = 25], Heewe fonad the desain i Hee vy g of
Also wefte B iy rasfer foem, = '

I [ P We & o

+ oyt e B, Mo weie
Solution, (i} ® - |fx, Wi,

¥ E W, e 2o on)

Wheo s = o =5 wiiap= 3 =d:
when v = o, Y=3%wheny=5 y=gq

Fosr all athior values of Yo Wowe
Domain of 1€ = |1, 3,

Boin |'-!'.'3|'|’_"'_I'_.|'|E?_I'r.l|'l

do not epr e .

4 3 and range of g = 15 4.3, 0.
R fi0, 55, (3. 4), (4, 3), (5, ]

(i R o= [, Wlix ye 7 o4t o W= ],
When x = 0, ¥=8 -

when x =8y« 0 when x -

=t =1, l

For all edher valiues of o £ 5 we du o got g i

=100, 8), (0, -8, (5, ), j-n. ] 1
Example 12, If Ry = (x. Wl

ratige of I, Y= 254 7 gl Ve Ryl 5
Solution, Given B
5ir1-:-::r ©Rand -5 =« =8 e

TRSX SRy Aoy o Iy

= =104 T2 47,

A+ g
ange of K =[3 7).

=SB, M Firnd B dowsnin ansds
V= )y ey 7w

J"'L"l“_‘ I = H, i_1:||;\.1_

; —3Zr 5K,
T ol Ry =1on 3},

=7r=< 17

i
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RELATIONS AND FUNGTIONS A

Exanple 13. Find the dowatn and the somge of the veiaiion 1 given by
= L ] B
= ‘I[-T.- _-rl:l L ;- sl v, .!-'I e N qid r= ".-f
Solution. Given y =+ + & 4y o N ang 1 - f,
2D
. x = B
Whenx =1,y =14 7 fand¥e Noso(1,7) e R
i
whenx =2, y=2+ 51 =8and Se N, sn (2,5 [
i1 -
whenx =3, ¥y=3- 3 =7 and & N, su(d 5 e R:
- ., b
whenr =4, v =4 + A 2 M. and
whenx =5 w="51 L =M
. ]
~ R=11, 7, (2 58, 3 5]
Doemain of R = {1, 2, 3} and range of R = |7, 5.
Example 14. Find He finear relution belwen e compesents of e ordered paivs of e relation & ;
where B - {(2, 1), @, 7), (7, =20, .1
Solution. Civen T = [(2, 1), (4, Ty, {1, =2 ... :
Let g = ax + b be the linear selation between the comprnents af I
Snce (2, e R, 4 y=axtd = 1 =2a4b Sy
Also (£, Ti e R, Loy=extd o Fo=dadtd AT}

Subtracting (i) from (i), we get 2a =46 =% a=2

Cubstituting @ = 3 in (i), weget 1 =6 -0 = k= -=5,

Substituling these vzloes of o and & oy = ax + B, wie gel y = 3x - 5, which is the required
linear relaion bBetwesn the components of the given relation.

Example 15. if A = [2, 2, 3, 3L F = (4. 69| and o relating K fromr A to B is defired by
Ro={lx, y) : the difference hetuwsn x and 3 s add, ¥ ¢ A, ye Bl Ther

(i) write B 10 (he yosker furiy

(i} represent B by an arrow dizgram.

Solution, {3 Given A = [1; 2 3, 54 B = {4 5 9] and R is relation from A to B given by
R=ilxyl:x-jisodd xc Ay e B), therefore
; o = = A i A
[ = ':I::]_- 4}'.: '”r F'.I.- '-2- i-J:Ir [3.- '1-].- I:-.} ﬁ'_:'.- |:__. d'}.l [.-:'-' IJ}I' __,.-‘"-" II,-"'--“
I,/ 14—k
= [T
| B P
. i " N ey oo
(i) The relation 1 can be represcnted by oo arrow \ 5”____:.;1__ dioe
diagram sheween in Fg 25 v S
Fra X

Example 16, Lot A ~ (3. 5] e 8= {7, 1] Let B = [, Bl rae A be B a-pisedd] S
tat R is gy weply relabion fooie A o B S B

Solution. Here & = B = (3, 7), €3, 11), (5. 7, 15, 11)]. Since oone of thi :|'|lIrI'I|.1|.'I':-‘ 7o A- 1k
3=7,5-11 is an edd number, therefure, none of pairs {3, 70, (3, L1}, {3, 7) and (5, 11} belongs
to K.

Hence, B is an empty relalicn,
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LIRILTE R LARINILL gy ALY
e P oo el 111 LTI R (VR ) R PR T I Y T M gy
; b T W L R T B v
Exampde 17, £0F & 0 .
Pand #dhn s roaenpiii I_":I:' Il_":I-,l'f |"I "l..
ol P R B 3 i i.l i |||"||| |.||||I|':,||'I|

R i 4

Sodution, B flv pbaa pe 8
A . . .\;."‘ .\. |. - il
ol *;” iy el ke Gabar ey Dodesges s Hal 1T D gy sy i"lt'i
Case 1y is sl 5 |
Il

o EE

! i s
10 16y b o esyenn oy, Lk U wilel ey o Hial o W Il LRI [
2 TS b . ) . | |
Lase 1L e ; T R AN 1 I EURSTTTOR T TIRTITI ."l.|:.|'-.|.l van e gy ke,
Piness oy |.1'l1'|'|!'-|,|'|.||'|_‘!.': P o Wy |

&
. . L] i
Hlenoe, domain of B 2 and ange ol B

: O e L T B R Lo A} YT R T TR I TR T Ml
]:"uﬂnt"h. ""II ] J ..,I Vi i |"I ..; 5 l"..!' .r"“j i ||:. I'rll-'ll ||“|'I|I II": sl |'||'||I|'| |rI'|I'” -'Ill':ll ||'|I]||I H.. r'rlluﬂ
A | R BT T B B B T iy :
and - |
Solulion, Liven A - {2 0 6 W, B e T2 B
:.“: P :l,-:' H H -\.'lll., »!'. 5 H. H i,‘\ ok |.,'||,'I:|I||' A H II 1||l||i T !II
o 2 is o faetor of 4 amd 2 4 e [P Y R
Sirnitarly, 42 6), (2 180, (2 B e 1
Also e, 181, i, B, 9, L8119, 27 (G, e
R R Q00 3 18, 42 50, i 18 6, B4, 00, 18, (1 070, g0, e

) . ¥l L A =
Pomain of B =12, 5, 9, e of Boo [ oo s, 20, R

EXERCISE 2.2

Veewsr shiog! anstier Tpe queations (1 ra p

T H A and Bane twa spis such Mal (A = 2 and o ) = A liod e rnelbse ol pelation

fromm

WA B W1 o A W 5 o A,
L LetAa=1LMandB B B

i AxTD D esrnlser of rolations T A 1o | |
A Lot A= 1, 2 and B - Lo 2], finad LTI

el sl frism
A o A WA e i LY B
4 00 a eelation |2 = H=2, 10, 40, m, LT ) L R

3 A 2.2 51 ol a]and 1 s e whiativn from & oy It
-

E={lr lixe A e Boand v
bo A =1L 3 57 8 and B=[%3 44 A (LTI 8 e e
At By U it B i e iy e,
HA={23 pop ER 1]

Bt ) s iy, We A s B sl Hial v s
B WA= 12,845 6l and Iis g
Redle viip=yq
U Ifra = (L33
then werile
T Wik )y |'u|]uu.'in;.;, welalioyy. i thy
IR = fia, g3y . it iy
! VEiniga Bty )

(7] 3 LSER T 12y,

Wiy LT P e
11, |1I.lr A ||.._:. A Al ang A [ I¥, =l
= g s AL g

() Fing gy, disinain

el 1L a8

SLOE LI Hes WL s dompin il g

S TCIT BTN

el thuy wrile [ i e Porstier fisgpn

L TRTR I P It (v

Lty i '."l. ||'||'I.'I eI I Nl doe
Wathon Trom A g, A delining

el e A ST

LR NT] I?I‘ I:Il!l.l I'I: '.'.!-

: daelaling vy A
B s el osior foe

o e g it g Jyepgs

el by I IR I Wl e Al
Lk | oy My
LLEELTER T - ¥
X '

bs Al 1,
Ll B |y el fom A o b detligd by
(IEHTS RNTE T, |

bt ol x. [""] H'l'l"""il.'flﬂ [ L S T
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L ATIRS AM0 SUNCTIONS

2. Let a relation B = 403, -1, (2, 0), (3, 1), (£ 2), {5, 3], then
i wribe the domain and the range of B (i) write R in the builder form.

g Let A =12 4 8L B 44, 6 13 and R be the relation ‘is « fictor af” froc: A to B Find B

as | ﬁEL Dr ':|T'-]1'1r1-""|': Pﬂua ﬂ:-"ﬂ Il'_":;lTl:_'HEnt .i.t 'L.IF A Arrw leann.l
14, Given B = {lx, vl ; v =x—3 x v e Z), State which of the prdeced pairs belong 10 the

given relation |

G 5. 2) (i 1, 23 (il (0, ~3) @) -4 @4k
15. Determine the dumain and the range of the welation R defined by

R=llx,x—3:xe (0,1 2345 . L’P
16, The adjoining diagram shows a relationship between () {a ﬁ
the seks [P oand L Wrike Bnis mlation in .-‘ﬁ—'_l"-.—_ —(vd-s H\..I
({1 vaster form | ga———— "% |
R =
i1i] set builder for, Wi '-.\ /
i I\.\_ .-.-I_.l -\_-.,.I'IIJ-

wkal s its domain ad range? :
17, Delerine the domain and (he mnge of the fallowing relations -
il owiixe Noye Nand x =y = i
it Hrow e Moy 8oy =3
1E. 18t R be the reladon o0 & doifred by
Ro=le djzoe N beXN amel ¢ = 50 125 thee

i lisl the elemenls of &

(i fined the domidn nf I

(i) find the range of K.
19, IER = 5 v 5oy < W, 7 1y = 100}, then “ind the domain and the mngs of R Also
wrile B in rosler feom. 5
a0, T R ia the relatinn i N defned by
o (G ) s k= e N then find
fi) domein of I (30 mange of 1.
e fhe elomnents of e subaet of A = B corresponding
this meletiun by an azmow diagram.

K i rosiEr Zarm

91, IF i =2 56 10 and b= -:1..‘:':;. HIES
it relation B s e (hap'. Also epresal

a3 Wil dewn B domain and the rarge o the relation (o, gl & = by and x and y are |
malural numbers less (han 10 |

23, tet A= -2 L& L 2], list th ardered pairs salisfving, each uf 1l Zolluwing relations |
om .'"'| f !
() s greter Shan’s (i) e the squrs of it <is e neaative of | 0

al If A =113 5 6 and G = [3 4 5 woie b relation 1 a5 o sl of ercdered pains if ki
f B =il p)s A w Box = s event . |
Gl Bo= (e () e o B : xy s odd) |

4. 1 i, =20 and 4, 820 brlong Lo &, findd the values of

75 Lel B = (nyl in yef = 2y
mand b
25 Find the linsar relalia

wheere
:':I R =, |_|:—'|__. _1:|l I:.I"Il ::l.:ll rll’ -'}-' "'I' 'EI.'I] H‘ = I':...I_. ?]- {_ I| "-"E I;L = J":I |.-_|- I

¢ hetyween 0o compenenls af the vedered pairs of the wlabon [

2.4 FUNCTIOHS

A fenction iz m apecial case of o redabion. To he specific, et X, ¥ be lwo aon-emply sels ami B i
{or Fi e a relation from W b Y, then B omay not relate @nelament o % 1o an clament of ¥oor it

may Telate an elemest of ¥ to more than ane dlement of Y. Bul 2 function relates gach elemenl

of X to 2 unigus elament of ¥, We have:
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i ﬁ&. LIRS ARG Wi k-
. " VATY

Definition. If X, Vare diiw noimply sl iy srthsed fuf X » r i r."r'l'l"“l‘f.l"IHfz'HrJ.l 4
[y ;|;|m||r':| P X i'|:| VoOrE e el X X, thepe exisb o tieeht 0 7 sieely Nt [, iy :{FF '.:::.
' o A

as f o X = Y, ] _
Thus, o sefset Faf X s ¥ iz ol a firgction frose X oo 10 g
1) for et e X there exists gV sueh tlaet G g) e o '
(i) e frp diffecen! ovdered pairs e e same fiest oo
In other words, a function from X do ¥is a vale (or covresponadeeeet whicl A5t gge
clement x of X, a nufgee element gooof Y, fl.'g
A function ' con e thoughl of as a e — ——
T 1 fanr T e e [ETIRTS TETI] e —
111n‘-‘|~111115m L -ail.ufl_] which gives a unique oot | pochinsen | o
culpul {(x) Lo every inpul v, e |
Pl 3.4,

Iinage of an element. The weise sfement e Y s collod e fige of B el o Xy
Mt fonetion ;2 -2 ¥ I 12 denaled Ellhl f{,} L f = J"'I:1:| The advereed o ol allenl g Tl )
SuiscEen f el x k

2.4.1 Domain and range of a function

Let I e o foniction from X o ¥, Heear B sed X is callod the done s af e fresction P s e
colled W codonrar, | .

Thy sef cansistivge of all e faages of e choasends o B wsler e Sunelian £ s oaliod W
af £ 0t as devoted by 580, Thus, - f :

range of fe= [ Fix] s foe il x e X
MNote that range of £ is o subsel of ¥ {eodomain) which m
For exeasple

ay or may nel be equal o)

(1) Let X = [1, 3, 3, 4, ¥ =101, 24579 11,13 and
{r':lf—[l:l. 10, G2 0 03, 7o 1, 90, 15 130 1] 15 i

ERRF . ) ety e L S L Lo l'||.‘.|‘|_|f|_~. a lunctiom eoan X oY bacaies eae Pk

of X has a Ui j|]1.:|5-: in Y. L RS

Range of £- I1, 4. 7, 9, 13

s s K X o P a L 7
Mate ik some elements of Y ame nol assecialed willh any element of %

2EiE IR e
I:'Ii':l p |{i-' ::'-]' {2-' :!'-:I I:"-:!'l' 5]1' r4r ﬂ.l ':-\.'T'_. '\-l'_nllr f]'l'F_l'I___," isa lunclion ram A l'b.;:._-_‘1|||-.'\-|:. |'--“|-_-'|-| E'I 1]
of X has a unique imege in Y. .
Fange nf 7= |3, 3, 7},
. Mote that the second camponents may repenl

(#i) 7= {01, 5), (2, 70 {4, 91,05, M, then

: £ dsmat o fonction from X e ¥
2 af X has no image in ¥, o

Becatise (e clem

b} f =01 20 00, 20, (2, 3), (3, 5 ;
. T 7 . LT A bbb b:l' l:l-:r ?-I-' {q.l I.J.:'I. thﬂ."l'l ia - -1 . . R o
pairs (1, 1} and 01, 2} have same firsy comn panegt .-'..r- iy e b iU

(2) Lar X - the element 1 ol ¥ has two difforent imigs
A N =in b and Y 1,1, 8
R b ] and Y o, v 4 then

[F) the rule depictad Ly e adjeining arpow b ram

represents A luncti #
Bpresents a lunctinn from X 4n y becanse sack sleao - i
¥ has : E i Lemenl or iy
A% L L qUF! jm.ﬂEL Lt ":[. i I — |
1 : "l_____,'-"_— 8l i
Runge of the function = {p, 0t 1) T e .
+ ; ) | e |
| Mate ”"E!‘ the element = of ¥ iy b associaled witl g | BT .'I_
' alemnant of X. ' L 'I.\ .-'
=
___F-"""
i o
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nioNSs AnD FURCTIONS A

peLA

i) the rule TJ‘EPi{lH{ by the adjoining arrow dingram

esents  function from X to ¥ because each element of
x has @ umique image in Y,

Range of the function = {p, r, s).

sote that the elements o and d of X bave the samae

imﬂg! & mn Y,

(iii) the rule depicted by the adjoining arraw diagram
does not represent a function from X to Y because the
alement @ of X has two different images p and ¢ in Y.

® ¥
[~
(i) the rule depicted by the adjaining arrow diagram S
does not represent a function from X to ¥ because the
element ¢ of X has no image in Y.
) Fiy. 213, I |

2.4,.2 Main features of & function
Let £ be a function from % to Y, then

(f) to every x € X there exists a unique clement i € ¥ such that v = f (x).
maore than one images in Y.

(i) no clement of X can have
ot associated with any element of X,

o elements of Y which an
same image in Y.
(¥} is known for all x & W

{fif) there may b
{iv) distinct elements of X may have
(v} function fis determined when f

2.4.3 Types of functions
1. One-one function. A fienrediont °f* frin X It ¥ is calfedd ome=one {or ffective) iff different

elomments of X have differenl ipnges i Y de dff Xy # X = Fla, ) # () for all xp, x; € X, or |

equiralently, (%) = [l = 4 = % Jor all 5y, X, 8 X l
2, Many-ont function. A furetin f ¢ from X fo Y ds el mmany=oie iff beo or more elemests
of X [uroe same e i Y. In other words, a funclion f  from Xt Y s called mang-one

iff i is pol one-one

3, Onto function. A frection '
Y is the imnge of atleast mie el

from X o ¥ is called onta (o snrfective) ¥ each elesent aof

of X fe. dff codwnein of f=rtiege of f i.e. 5 Y - FLXY

4. Into function. A fusction °f' from X to ¥ s culled dndo §ff there exists affeast one elomint i
¥ aoliich is aeed the donrge of wey element of X de off mege of J s a0 prroper apbist of vodvmaen
of . In ather words, a functitm " from X o ¥ s callisdd fte 100 it is not onko.

5. One-one correspondence, A Junctiver ' from X o ¥ 15 gl @ piesne correspanilence

{or bijective) iff £ is both pne-one and pnlo,
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-' LMOENSTAMOING (56 MI'LTHEWLTEH.,}“ .
s , r both, g .
Sieee we will olten be proving that certain fyaelinns are one-ane or anta o r 20 Wi
vulline the techriques g be used - ; () = x =y
(i T promye fined i oo, moe el shom fil efifee Firpd = [ 1= g 6 {
Fp X & X fralla, # e Xo= ke fv, ), ) g
Gl Tt prrwe that £ ondo, qow meet hame Hiad chlhier fior emeryy i & ¥, Bee exlsls afleast g,
viewicst v e N sl that o= o X - ¥
For evaamgple ;

L Let X = a, b o ], Y = g, s and W D B funckion

.:.:_
S

A i £ o
from X 4o Y depicted by the adjoining armow diagram, [ e
then F = | e
L a ame-ony functian, I /_/l' -,
" i e 4 -~

Retion ¢ diffevent elaments of X have different \:'_'_ /.-‘

images in Y, = _,
- T Fig. 014,
L) o anfe Feoekion.

Reason ¢ each elemens of ¥ is (he image of an clemenl of X or range of |
Fedp 5,1 81 = codomain af

Thus, the function ¥ from X to ¥ j a hcume vty funclion e ois 2 one-pire
COTTCEERleT from X b Y.

Wote that a(X) = 4 = wy),
LLletX —|a b ¥ - 0% e v s and £ be (e functon

from X to 'y depictadd Ly the ndjﬂfuinz; arrovw diag s,
then ¥ iy
() & angone fuection,

Reaseny : different elemenre of X h

ave ditferent
imges in Y,

(] an ivdo function,

Beasom 2 there pxigtn r e ¥ which is not the image of

5o . s) which is o Preper subset of v
Thas, the function Ffom X oy
olet X ={.1,2 58 1LY = 14, 58] and ' be the

function from X 10 v depicted by the
diagram, then [ iy

any element of ¥ or

range of

I8 3 oo iy Sfunetinn,

adivining arpoy, b !

2 - I] o I =2 -
() an awda et I

v
o4 1

i . i L _,Z:-F L]
G i masye-one finetion, /,, Ell'hq;_f ’ |
: [ ] |
Rewson - different clomuonts =1 amd 11 of X by e - e | '-h._m,;. I
S fmage & in Y, ' e d '

I I"'\-

Kewson @ vach e
O eloren) of X

;
o
1
|
i
i
o

il oo ¥ 5 IJIL" jnl:t“e.* ol -IUIJJ.'-;I il , - "'/

Thus, (he Iunr!jrmf frivm ¥ e Y s
Lo LerX=far, %5811
rom ¥ ]

then Fiy

R e i Trtticiing,

i
T e P Fuinetjong,
B arroy diagram,

L¥: [4, 6 B and

¥ depicfpg iy 1] aeljoin

fiha r'lj""""."'r"“l'll",ﬁ'1H|’H[Jf,|

Ry - el
“different o,

X ) Aninly 3o

S Mage iy y Al Bk D 1y i
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RELATIONS
{1p an info funetion.
Feason 1 there exist i
Thus, the funchio f’*h 76 = ¥ which is not the image of any element of X
s Lian firom X 1o Y is a masy-one fnfo fuection.

3 Lol K=1-1 0.1 3%5LY =1-2.0 2 & 10]
o _ = 0, 2, 6, 100, then the 2 f
function fdefined 'I-# flx)=2xforallxc X ]'.-[‘:.:L':ll'n r/_’;—j
aTE=0ne arcl onle i, g o coe-ane carrespondence { g P | _D"
] e I
| e _i _| e

it is depicted by fig. 2.8, Nate that

p(K)=0=1 (Y. I\\S*-—,‘ —‘\—_:- i J."I

e

JLLU cTRATIVE EXAMPLES

Fxample 1. Which of ie fllmwing velations ave furiclions? G 1205005,
(i) B == 2 1 ':3 13, 14, 2]
i & = 102 3 (5 LM, G 7, (=4, 6]

ain) 1€ = - ({7, 2. L. A, 03, 40 (2,80 (5, &), {6, 7.

solution. (1) Domain of B = (2 3, 4. We note | that cach element of the domain of B baz &

wpigque image, therefore, th-? relation R is a funchon.
(il Domain ol B = |1, ~ —ab. We note that the element 2 af the deimzin af T has Bwo different

7, (herefere, 11‘-9 e
n, 2,3, 4,3 6. Wenate shat cach eloment of

images a3 amil lation Fois not 2 Functor.

[t} Domain of K-
imarL, therelore, the el

F A= 7 3 bend £ g0

= dormain of B has o unique

[atian I is @ funcsen.
i i e splaots of A x A

e & o TElElions COrTesaL
Ao wid

Cxample 2.
fdicited ogeiist e, oiich af [ g 1 s 4 g e fupchions I o of & flsadion, finel Ths
g
i F =102 10 (3, ifil s =1 T o e MR PR
Gy n o= (0L 30 (3 2% 43 2N (i) s = 0. 2) (2, 2. (3. 71k
o 1 of A doss nob appeRT 88 tha first

4 [unckon fopauee the plemer
f 1, 50 1 has no TMagE in A
pause the di {ferent paits (1, oy and (1, 3} of g have same first

4 has two different images i A

companenl e the
o each plement of & 35
=1 1,2 = A

G i a funchion becaus
Dognain of k=11 2 3] = A and r205F aof
clement of A hus o nnigUe IRage in A
1}.

(ivh £ 14 o Function becallss pach
Domain of s = 1. 2. 31 = & and TROFC of 8 = {2

Example 3 LR -_|.-||--_| ! l'|_'||.l||LI' I!"llj skl T-.||'L|
P ik ol E l : : I i
Gite reasons for your nswer. i 050 af @ futi e s doperiny and nge.

Solution, {i) fis oot @
comprment ol onrcdered pairs ©
{#) @ is not a {urwcHon b

slement 1 of
¢ g upigque image in A,

ier fhey nepresesd Fungtions.

|'r-||rr.41|||-; s
phi), 1

i S /:f .
* \ s VAN

-"'f HN‘“ ——.l———-’i—'!i' |
F ‘H-__i 3 ¢ i .3
\ 'll | I e §
| ¥ II | ! — = |
h+— —+f | | q = ‘I_ | =7
—__;__.___\_ I

i = "____lr
| b N

II"._ “j.‘_.-,_,-" _T_T._,.-"" '\\“_ -’;(_'___-.._l\ & )"JI
: _ il

="

AR FUNCTIONS _
; _ﬁ'-ﬁg -l.",;-

e ————y——
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Solution, (i) The given diagram represents a function because each element of y
o, &, ¢, b has a unigue image in Lhe sey | s ol

Ite domain = [=, &, ¢, d} and Tange = g f ol

(i) The given diagram does nol represent a function because the element 3 o the g

12, 3, 4] has two different mages 2 and 4 in the set (1, 2, 4 5 7).

Example 4. [z the Riven velation a fumclion? Justify wour prswer.

T } Soi
i f=dlx Ix):v e i (if) = 'I| Mo | £ 1018 o pasiiioe ”“l'f'.'i"ﬁ'fll"
Solution. (1) Given F={x 1xl):xe By

For every v ¢ R, there 15 a ugue image as 1yl e R

Thercfore, £is a function.

S A
() Cilven i T

1
Hin 15 O positve E:ltegﬂ'[.

voon

For every Positive integer a7 flyore 7o g Unigue mage g5 — e R,
E |

Therefare, ¢ is a Fanclion,
Fxample 5. Lot N i the gpb af watieal mumbers mod fe relufion N Be defined g N by
Relle vl ig=2uxpe N
What {s s dawain, codemai; sl ige of K7 Is s relition a fenetion 2
Solulivn. Civen R = Iy, W= g e N

PNomain of B =1, ondlumain of B = N
and range of B s the ser of even o

since every natural nignbes 1 1

Atural mmlers,
A5 8 unique image 2y, therzlore, the g
Example 6. A relation 7 s difined by f oy 5 42
() Lisi Hee alosents al
Solution, Relztion fis defimed by f1x —
(B} el =1t -2=1 2=,
Fl-2= -2 -2=2g_9_ 2,
FO=0-2=0_-2._3
fl2y=2_2.4.9-3
T 0 S A e 20, (0, =2), (2, i
i) We nate that aach ole
Fis a function,

=3 whnke v = =1 -2 0 2},
G2} Bs F o fnetion?

- e B flel =gt 2 where r g |- Io~20.2]

menkal the domaip, alfhas a Hmidee imagy, therelore, the relation
Example 7. fe1 4 - g 11, 12 L3 ang lef ¢
e o e Lol e CA = N e dei Wl U =t i

faclor of i, n e A Write fag o SeL ol ordeped [.:f'dm ond L_Iﬂ';'lllc."' iy ) {-'::I = ({RTE hipliese prigne

: T w2 f e e pangee of ¢

SeluHon. Givan A= !

':-il.l ]I:Ir J]rT JH .
prime factors, 2,131 we o

9:3:-:3,1':"—25-:'5“]& i
_ I PLME, 13 = 3 & Fand 13 is prie
Clﬁ;ﬂrf: ANy by _.f-'::-"'.:' - highust - rl|J f l'l,,l-'i o prme
Ll Y |:_|]——3_.__|r{1'|-_|:| _"\-,-J'r'::]l_:l - ]] _,'T|Z_:| = . e
S M= 3, (10, 5,

Press cach vlemont of A as e product of its

3

ABan 1 s a function,

Ein g ey ——
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HR,&TFJ

ol

fix)

[furtections fram A to B.

fn q ways. Gimilarly, any

Example 11.
Solution, The function [ is oned

Example 12 Prove dhat the funct
Solution, The furction fisn

NS AND FLIMCTIONS
o - [ Sl
EﬂmFlE ﬂ L”fﬁl e sulsset :[f.-i ® 7 dﬂ_’.ﬁl]l‘d wjr:_ ||:I'4".- a4 I e ZI.
gfn function from £ fo Z7 [ustify wour mnsiver, o
golution. Given f=llab,a+ b, be Z) i flad) =t Do b e d
affs i Ll I E L
0,b=2thenfl0x2) =042 =f@)=2

Leta =
Agoins leta =0 b =3, then f0x3) =043 = fO) =3
Thus, the element 0 of the domain of [ has two different images, drerofore, the relation fis

a function.

Example 9. Let f= {1, 1), (2, 3), (0, ~1} (-1 3 j '
7 i [ ¥ 1 =l oaar f i : o E
_ ax + b, jor some micgers a aid b Defermine a ri.l.lr::' b, e fractin it <6 map

golution. Given flxy=ax+b
gince (1, 1) € [ fly=1 =a+b=1 _
2, 3Neffl)=3 =22.+bh=3 ... i)

gubtracting () from (i), we get a = L.

gubstituting @ = 2in (i), weget2+ b =1 s e

tap af

Hence, 7 = 2, b =1
w i 1 (B} = i, then fimd the TR

Example 10. If A and B pre finite sets such that 2 (A

lement of set B

p) can be connected with an €
nt of set B

nt of set A, 54y z{ls i=
connected with an eleme

Solution, Any eleme
ather element of set A can also be

g Wy
Thus, every eleme ith an element of set B in § ways.
Thetefare, the total
=g g% ..,ptimﬂﬁ=.|?‘”.
Sl that the function -
e
such that f{x) = flxy)
= fis one-one.

nt of set A can he connected W
number of Functions from cot A to set B

N —3 N, defined by f{x) = 2u, is one-oHE Pt mof o

peason : Let k xa € N be = 2, = I = A <
Thus, f(x,) =flag =5~ Xy
The function fis profb aria.
Beson As1e N {codomain O
flx) = 1. 5o, fis not anto.

f ) and there does not exist any & & N (domain of f) such that

jont fr R R, defined faig f {x) = 2x; is OHe-0M st onlto,

o L

e R be such t|"f:”-'Jr[-"|.:' ' =x = fI Gna-ond.

= ' X- =y 2y = 2xy =
Rewsom @ Let xq, %3 fix) ' il

The function f fs ok

Renson ?Eﬂnﬁjdr_‘r any e Rk (cﬂr:lulnﬂ.in ol .l”'

Certainly, x = % e (domain of f)

Thus, for all ¥ € R {codomain of f). therc exisls ¥ = -'-_'J_r g R (domain of f} such that

¥ =y = fis onti

ro=5(f) =22
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EXERCISE 2.3
Viery shert answer fype questions (1 to 7) :

UNDERETANDING 15¢

1. Which of the following relations are functions ? Give reaspns. If it isa ﬁ.rnﬂjc;..—,r i 1
it- domain and range.

(0 11, 1) (1, 2), (1, 3), (1, ) (i) [l B Ok, c), (e, ), le, ey
{ir) (L 23, (3, 1), (1, 3}, (2 1] () (L, 2), (2, 2), (3, 2), (g 2]
) 102 1), @@, 1), (3, 1), (5, 4), {1, 0}, €3, 40, (1, O}

(W) 12 10, (4, 2 06, 3), (8, 4). (10,3, (14, 7)),

2 EX=1-4, L2 3and ¥ = i b, ), which of the fullowing relations iy g fu“:ﬁm.
XloY?
(i =4, a), {1, ), (2, B)] (iR (=4, b} {1, B), (2, ). (3, &)

(i) [ a), (L &) (2 B, (3, 00 (1, Bl

5 Let A-{1,2,3 4, B =L 3 9 11, 15, 14) and [={(L, 2, {2, 9% {3, 1), (4, 5, (2, ﬁ
Are Ehe fi:n]]uv.'ing frue?

{i} fi= a relation from A #0 B
(i) Fis a funclion from A to B?
fustity vour answer in cach case,
4. Is the given relution 2 function? Justfy vour answeer.
] f=[ix.x):x= R
0y g =T, w3 - wwis a pasitive inbuger}
(i) 2= N, 3): v e RY

5 (I} A funchion f is dufined byfir)=r'+iwherere 1,01, 3. List the clements of £

(i) If o funclion fis defined by Fle) = 3r - 1 where + = [-2, & 3, 5], then find iz .1:E':=
B. Which of the following amow dizgrams represent a fanclion?

7. Dees the adfocent armow dinpram

represent i
function? I =,

write s rangs, -
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r:EL"-m”E ARD PURCTIONS

2
g The adjacent armony CiagTam epresents a 1/1 &Lr——"'“.r{_-:_h\
; X

nal.nhcm' {{Epmyml thae redation in roster form. [s III == Hl“x___.p I'
thiz relalion & funckon ? Ein reasnmy for 1;,_-.1_1.r 3._}—'.-—|—._r-¢ |
answer. - \ N

- i & B b
4, The : adjacent  arrow  diagram  reprecents a ,.'rfl ‘-11.___._;_’--_.?‘{:;\-,'
relation. List the pairs that satisfy the relation. s [ 'd__ddl'| Ty =
this melation a functien? Also find the rule | L i =4
{relation) for tha above correspundence. '-," Za— _l,-l_ __I'.. i
_\_:_“_ e T EaiE ,-"'JI
sit .
10, Write the ndation cepresented by the adjoining JE'-H #..f"H_"H
diagram, vy lisling, the nrdered pairs. State the //"'"-""-J-‘II-___ .{,5"1 kY
domuin, the rodomain and the range cf the o P III
pelalion. [s the relafion o function? | H”’Jy-'.'/f |
N i i A

1 e o i
T , ,,.,f";} . Y |
1L A =1-2, -1, 1, 2 and [ = :| i l S = Al. th/ ‘\‘ﬂ-_-/ll |
i |
(i} List the domain of £ {iny Tial the range of £ i) 15 Fa function! |
12, Fxpross tHe Tollowing Tunction as o set of ordered pairs and [ing its mnge
£ X — R defined by fue = o + 1, whene X o= =1, 4, 39,7,

13, 1f £ () = ey + &, where 2 and b integers, S(=1) = 3 and F(3) = 3, find v and b

14, U G, &) oand (2, 01 are prdered pairs which elong 2o the mapping f:x — 3w+ 4 where |
v e R, find wand D |
15, 1t 2 fupelien ffom B o s defined by f= Jix, 3r= 31 v F R, find the values of @ angd i
I given that (i &) and (1, k) helang to f.
16 Tet &= (1,2 3, B=H 56 7 and {1l 41, {2, 51, (3, 6} he a bunction Tram A to B, Show
Wil (i ope-one ot not onbe.
17, Shonwe that The function {: Q — 0 defined by flod = 3x - 2 s cne-nne.
18, Shaw that the hunclion N — N defined b flz] = Zx - 1 15 uns-nns 't nok onko,
10, Show Lhat the fnction £ N = N detined Ty fin) - 0?05 injective.
20. Show that the function [N —= N dufined by i) = m* + i = 3 is one-one.
a1, In each of the follmying Cascs st whether the fanction is bijectve or nok, Justiby vour
LITIEWELD,
(il T — R delined by fx) =2r = |
R e defired by fixl =3 — 4
1.5 REAL FUMCTIONS
A function which has either & ur one of ils subisets as its sunge s colled a real valoed Function.
Further, iF it domain is alsu either Boor @ subsct of B then it is called a eal function. Thus, 2
real function is defined as:
Lot # Dp the set of all real numbers and X, Y be fwo non-emplty suhsels of B, B o nde
{or correspondence] f° wihich associates fo each © e X a anfgue elevienl Y of ¥ is called a real
vatlied fanction of the real variable ar sémply @ real function, aind Toe write if as frX =¥
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(i} Find the image of 3 under | (i) Find £(3) % f(2).
(i) Find x such that f(x) = 22

Solution, Given flx) = 52 + 2, y & R
) fA=5xP+2abx04+2uqgy
(i) fA)=5xP42=86x4+2=-1,
s FA3) % F(2) = 47 x 22 = 1034,
(i) flx) =22 =52 + 2 =22
=5t ==1l=4
—=xr=2 -2
Example 3. Find the domain of the following functions :

2r+1 ) E+7
(0 fl = % (@i = e
242921
Solution. (i} Given f{x} = m

For Dy, flx) must be a real number

z 5
xo4dxtl st be a real number
-Br+12

= @8 +12%0 = (x-2x-6=20
7

(i) Given fix) = f_f'ﬁ‘

For .[Jf.f'[x} must be a real number

r+7 _ ust be a real number

= _.':'_-_E_l;'-i'
ES R RS LA 4123
- R_Bx+dxl ﬂxs——'l.—“_"'"'r*

= D;=R- 4+ 243

ExamFlzm{fjfr}=——— JI‘i:r|i‘|"{-—2:|+l||"( ]
'I: - ERI"'I D E"'I]-I'
Solution. Given f{x) =———71 -
E—EJE-J{—2}+1=4+E+1=_E g
e ~2-1 == 3
.1 -3 +1 1 _‘t_l_'l ;'I?
1 E; =5|__=_lF
73] = B =
: oo 3 3
1 -IE- —3 _-_I--
T g ”[ 1] b
1 11 1 -22-1 I3 _ 45
‘F{_ﬂ+f[5]='? 5 6 -5 5

Scanned by CamScanner



UNDEHET
r' TR

r"ﬂ['-q: e 3
'rl:. :I . 1": ar -+ i, 3 -H“J re i it 'r" 'F'Irﬂn'!'.-lfl.rz-"i.'_] = flr-'-l.-] F-E,ré
E:':.'lmp]l: X i')' il = L e I

) I ,.,- + -|-|_r D."- — R..
Solution, Given f{xl == 14l — .ﬁr +1.
flow) = (2ef = 32r) + 1 =4 =&

As fi) = fin) {given)

| nese
dpli-fr+l=0-F+1 L |
= fep=llzaxix-1)=
n "\--=|-|::i.1:' -
1y= = S
= K
=4 .T=ﬂ-'l'

e e

Example 6. Fivd e ninge of e fsrclion fix) = 2 31, re Bl 3
. . . i - RJ :: .,:l. I:II
Solufion, Given fx) =2 -3, r =
i) XN X =,

Furfi ety =fli-2-3v,xe R, x
Mow, x>0 =X =0 =-3x <
= Py ed =2

= E.’ = [_mr 2]l

Example 7. Foug the dititediy o Yo rarie of fe _.I"n'Hi!-'I‘f-!J?-'J"{I} =Jdxi_g Alsi it
ifmlbers wivich gre TSCiated wfly S number 43 i i vange, :

solulion, Giyvay flp= 32 _ 35

for B, #le) ms ba o el number

=30 - 8 st |

= E[,-: .

i Fog| numher,

[ ET Wl
=R Il'i-;r.- II':-_Ill —_.'r[.-u._l = .'.I.:I."'I —5

||
e oy that £y 41 *ER ping = dx?ag |
S - R R, = [-3
Furbhe:, ;2 _ e D;, FI-3} engotg aned F-
AR 43 2 1 n Pulling iy - 45

S P IR dx2

=4 3:3—5}-5

s =),

V=33 g0
L e oy

= 4R =riag X4 oa :

-l'll:lll LTk I'IL'.I = 1 I - .I f £
! i ; L] i :'r "II‘\F 1 I'I!"'I' 2y ] Il.‘ .Iul: 1 Wi o
Poen [ I I i .
:;[l]“l..l.n]tl |:1]|.'E'|' II.I_ e —— UI-I II J ! r
Al e W £ '

AR MU, fin T30 4

R O e e :
T o "Fgmlﬂwrfrl'i:.nr:'.'r'f:.:lrzf.'_'

o
- ) il ) I

Su_ruhun |:.',| ':-\.I'.'i'rll..!n ':.|I'|_':| 5 g I:rll.lI f':l_'lll == _'IE.' R

Fay D’. Hi Mg | al e, o

7 — " M,

TP abEig Mt fy. I : ™

Ctdag o My,

= D=
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pELATIONS AND FUNCTIONS
Far Ry let y = flx) = 727,
Asrzlr-120
= =120 =yz]

= Re=T1 eh,

(i) Given fix) = 1 4

VR

For D, £ must be 3 real number

1
= —=—= musl be 4 real pumbes
S
= R-x»l =Hzr =sxah
= Dr=|:—|-"'=‘r 5}

1

For K, let i = —
Wb —=X

paxed lai-x

=% Rox=l = J5-2 =10

o — =0 ': L s 0if and ¢|1J3'iF|1?UJI|
'1'?—1' q
= y=
= DR;=(0 =}
Cxample 10, Tiad tie donendis aud the nnge ef the falloming fuveints @
3 :':_3 .jal X R .":"'- |
{0 fixr = i+l s Tax®
;|
T T
l:""J"_lr{J":' e | G Fix) 2-x

1
-1
Solution, () Given fix) = ;_H'

ok :
gl e neal momber

¥
For D, f (x) must he a real number = 50

Ped| —

= x+izl =x1F-

] 1
= T3,= sel of all neal Aurnbars except = = o P Il - {—1-.

.

r=a - 5 2
!' SR it L YL -{ R B | e S
AT S el

p B .. T
= [2y=-Nzx=-3-2- =”'_1_1!..1u X6

=i ek rrust be g real number == 1=2p= =0 2 !
i A A {l'

= .= of all real pmbers exoopt 2 i | : [ |
F : |

{if] Giwen flx} = T r I

£y

xl’. L 1 |
e ul Booa el oooeoder i
For 0, Fx) miwst be @ peal nwmber =% e mesl b

o Bl

(v a@ k1w U der alx e K} |
= D= R
at 3 Lo
or -1 =y =X
For K, let ¥ = -— y
i 4 # 1
= fy-Nd--y Wy =- TR
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AT UMDEFE TANCHNG 15E MATHEMATIG

Bt P =0forallve B s ””-I vyl

(Multaply both sides by {w = [, o puositive real nom
= =YW= = giy-1)<n
= =M y-1)s0 =2 (- Wo 1l e
= Usy<l =2 R0

{fi) Given fa) = '

gl

F= s
Far D, fix) must be a eal number = - L must be 4 tal mber
o

= =2 =5y ¥ =T 1

= Dy set of all seal numbers exeepl =0 1 e 13« R =1, 1)

For By bty o L yw g

=2 |- 1 = x7 I—I,urﬂ,
¥ ik
Bul x 20 for all v e 0, e ] - ;I A but 0,y 20

(Multiply both sidus by W, positive peal mumber,)
= y“(1-;|]'tlr=;y{y—ll'ru = (= 0) (v - 1) =)
= cither y s 0 ory > | b ¥

{ ] H; ] i—ﬁ.l-l '1] u !], Il-\.1;|

tit) Given fx) = ﬁ?

For D}:. -yt D=rw i'l,'r:.:. = JJr e {--.'.'-2.II \'ri}.

3 3 . 3
For R, py = oy == e '3—? ven

A
As 20 forall v e D, 2- i 20y but 12 = g

i
2t o w0 = {2y =3 - 3
= y’-{. F}Eﬂ-y .!n", ]Eu"u‘-ﬂﬁ-u[”":}éu,yiu
3
= ys<Ooryz 3.,H*U='L={~w.ﬂ]u[ﬁ m]
1]’ "

Example 11 Fird the domain ang gy Tange of i J‘iﬂn’m:'frrg functi
CHos

00 = 5 (i fla) « 21
Sl 5
Solution. {f} Given f{x) = -I_:E'-T
For Dy, f{x) must be g gy Mumber o _ x
= Dy=R U457 MUSEbe 3 g number
H'I.I'er-.k'ij'li._f_r? I:'-'I‘."I-];ﬂfﬁrﬂ“rERl
Aslep,, :
r+ M Putting . in (1),

W H(_!-t jl Iu . u - RII ---{I]
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RELATIONS AND FUNCTIONS

when y # 0, from (1), we pel y « y? = ¢

= yx* —x -+ y =0, which is a quadratic in x having real rools
= discriminant 20 = (~1)' -d.y,y 20

o 1-4P20 =d4P-1<0

- p-denm et

1

| »
-2 Sy y#0butle R = R - [.._,_],

2
. P |
@ iven 0 - 57521

For Dy, f(x) must be a real number = ..,__::"':::
= xl+xr4120
2

== yli+x+laDforallre R =-:Df=ll.

Mowxf+x+1=0 =x= £ R

1_x#1
For Ry, let y = =i

it Fx+l
MHEDlr,crnpulting;r:i]in{i},wugely=I=:IEHI,.
Wheny:t‘l.fmm{l},weget[r?+x+1]y=x?‘:+t
= [y—l}x‘+f1r+‘i]-x+iy—]}-=l]

which i a quadratic in x having real rools

—  discriminant 20 = (y+ 1P =4(y-Niy-120
= yi+2y+l-dyt+By-d2l

10 | PR
- _3y1+|ny-3aﬂ =:-5|1—Ty+15n=:~[3,r-§-]ty 350

1
=% ﬂysiy#tbul]enf-_.F-RI,=|:§J3]_

e | et

Example 12, Find the daamain and the rnge of the following functions ;

Of@ =N -4 @)= 97 (i) fx) =

Solution. (i) Given flx) = Vxt -4,
For Dr,f{r] must be a real
= zxi-420 = (x+2){x=2)210

= pitherx<-2orxzd
=] Dlirz {—nr:ll —EE U [2_- H}-

—
For R, lety= Vx" -4
Asg ﬁlruare oot of a real number i8 always non-negative, y = 0,

On squaring (1), we ot y2 = xt-4
= x==y1+¢hutfz{}furnllxe D,
= yl+4z0 =}

= R= [0, ==}

912

2 » —4, which is true for all y & R, Also iy =0

e

i re R)

miast be g real number

A1)

(= xe R}

number = J¥* - 4 must be a real number

(1)

.
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[T TE] UNOEHSTAMIING 150 f..-1.fll]!'|-|Er REL,

|:||I'|‘ Lalvesy 0w - '-||II”

Lo 0, 86 il e i reald ey = 9= a® must be i real number
I

B 20 =02 w02

AL 1 6 R [ RN B e, w2 D= =3, 3],

L ool g = I.,'I'-' '

A sguare oot of el gambor 1 lways non-negative, p 2 (0,

bparig £, wie jed
TR |

W= B R D frall e 13,
SR o R (ST (N Weusn
N ¢ TR VN (TR LT

ped Sy s 3 but y 2
s,

L Clvam o D) o i,
"||:i.. II.:,l
P D0 0 e ey real number = o L misl be o oregl mamber
YU x e
b oW =xtu ) pe e sl =g g
H
S T | I Y Y R sl eyl o D= (=3 3,

Fal B el iy w —a I—n. [FREN|
' g Wiy T

Ml i Dy AuLare rudl af

arenl sumiber is gl
L sauaring (13, we et

5 DOn-negative, §oxo(,

_!Ir:l E T! T L1 - _'|';I 1 I_‘ =} I'L'j = -L :
-yt ¥* i
Bul #% =0 forall v 13, =5 9 = lﬁ 2 0 bt 52 =y
i ¥ e -
Wlultiply both sides Ly 5% a positive real numberl
g Byledlaq wizo ] { v ;|
Mt gy Ly y+h1'|_]|_,,_._.'_ % 1 1
Y L 3,..'
- L3 i ] I
= ellhor y 5 - ELLE 3 T LR | d
: 3
e Ry (L)
Y R

11!-.!|.:'Ill'l|'l1ln! I::iu f'rlljull ”I‘l;"' |I|:|r_lr|uf" |;'”|'-i| |I|Ir!'

1) ) = g T fe follarsing Functiog i
i ==y ) 2k
Solution, i {‘Ii""'"-"l'l_,l'-li.'l.':l I (i) fix)=17 - lw—~2 |:
oy l-"| v ,."[-1-} s by real Numlser

= =l mug) e
= [w

13 = 1,
I-El;r |I':” |1'1 .!II A

1 real i

[ mamber, whicl, ls a regl muaTnler o CVery ra R

; 0 1 FE EAN

Biney | 5

sl =0 for a11 & B R =y = 1 far gl

" 2L 51 xl = orallve g
¥ian =3 [-\:I = {-n.u-u‘ |_T|

; “
0l b
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RELATIONS AND FUNCTIONS Ko
(i) Given fxd = 1 - |x =21,
Far Dy, FOF must be aoreal wimlser

= 1= Lo =21 must be a eeal sanber, which bs o el mimber for every v o |
= By»R

For Blety = filxp=1- lx=2l.

Ginee Ixl 20Torally e Bo=s Ix=2] 20 forall v e R

= —13—at 530 =1-12-2]15]1 =451

=" Rr= [—l-"‘-". ]1

. . . # 4
Example 14, Fined the dossinn and B ravge of the fametion | defined by fix) ﬁ.F
i ; ; ¥4+ 2
Solution. Given flx) = :
fv+2l
« s T

For O, (lrd must be a real number = 'I'L-:- :-‘I must be g real number

] v+ 3
= Iy +Z2l 20 =x+220 = pz-2
= [, = sct of all real pumbers except =2 G D= R -[-2
i -2 L :
For By, let y = 7= Two cases arise.
Case LT{y + 220 then Ix + 21 =x+ 2, !

T2

y.= ':_--o-EI._]'
Cace ILIFxr+ 20, Ix 421 ==ir+ 21,

[ ] _'I.‘:.—= 1.+-2_—. =—1.

7 lr +Z| fr+2)
- On combining lwo cases, Be= -1 1L
Example 15, Fimd the dommin 0f Hre folliiong fumctims

S T
i i) = _,,_-J.---— (i fix} = —— i
: NEERER yr—Ilz |
T 1
Solubion. (i) Given f{x) = —r——.
.,..1.'-I- xl

For D, f{x] musl be a real number

= —_J__ prusl e o real number

JET | x

— r4+ x|l =l=r=0

(T E 3 I | gand [l ==xHfv<lb=r+ lxls 0iE =0l
= [ =10, =)

o |
(i) Given fir) - T
E1E x

Far [3,, fir) must be a real number

1 . st be a real number

.lll.l — il

=

= x—lxl =l=>xz1xl
ey fxl < x Dot bxl 2 4 forall e B

= D~ & so the given function i not defingd.
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UNDERSTANDING (S0 HALTHER g

LT

F Frpe s 52 - e w 3 ! H .
E.-'I:I.".I'.I-Fl & 16, Fnd the domsae for winch the funclions flx} = 2x" — 1 and glx} = 7 - 3x il
olution. A< the functions fand £ are equal, fix) = oix) E ‘

~Z=8=rir+N-1G@+B=0

ir <3 2 _ 1
X ._.Ir?...—.-lr—_”;:_—E:nl:FIlI—]-'”

l

Il
L]
|
i
i
!
4
e
i
|

3
[}
I

FEEsE .I_l-l"q LATaIN 5Or 'I'Irl:”:h' I"l' L”']f'nirl's :.'||II Toare L‘qual I —E ==
. : ; 48 aira . t'L Ll = f e i _I-
2

EXERCISE 2.4
Very short answer type questions (1 to 15)
L I‘_Lri-‘i N Br the set of natural numbers. Define 3 real valyed lunction f: N < N
ezl = 2r — 1. Using this definition complete the table piven Below - 3
r | 1 2l B4 ST 5T =1
| y=FE s ) uol o I .. I I
R e ol B

2 I fiz) = 2 fing LO0-H=/0)
.1-1 -

3. A funcHon is defined b £y - _3:?_‘11-_] i
v izl 721 ¥ = R x#-1 Find the valup of Fi-3) +1.

e ) [ 2
% Is the relation f defined by flg) = JF + UST=3 i
P = gy | 3e g as @ Fnction? Justity pour answer
ri reaf function fie defined by flx) = 3x—2 7 = R, find the vilue of f{-3) = FI0) = Fi7).
It & real function f iz defined by fix) = 222 - 3, find x such fix) =15
Given {{zh == - 1, find r if f{x] s 215.
8. A function {s given by the formula fls) - 144 %
‘ : 1627, Calculate

of ¥ ',‘.'.:':m_f'_':'.-}?.— . § : CarLU]EELf{EJ' e

9. A Runction o fs defined by f (1) =227+ 3, for all £ = R. Find

C

=l

(i} image of -1 under f
(it} element (elements) of the domain which has image 35,

ID. If fix) « 2x% ¢+ 1 and domain of [ -2, =1, 0,1, 3 find

() range of f (i) F13) = f{-2) (i) x if %) = g
1. A function f is defined by flx} =32 + 3 vy e N :;n-:l 'y 1‘5
{11 Find the range of [ 1) Find f{2} rf;‘q}
(fii) Does f{-3) exist ? b} Find ¥ when -fl ot
12. Find the dormazary of E]'H: i-r:lHerir”I;; rivaf !.L[!'I:'[j{rnl.l : .lr I.:I .
07 ) = 24 |
R b = 223 0 fle) - 3
: 20 - x
titif flx) = — . : '
x 23543 (i) fix).= X _-2+%3
E —'ql
-1

13. Find the domai
OMain of the I"-:.IH-:JI-r'ing real Tunctiog:

(fx) = S5 . it
%I =3 ‘.l"_.l _frI_] . -,..'FE — Ty fhi"}_."I'IJ = 1 If]"l'_r} __'I'-I:' }
o — I} =

NI—]

1
V3-x

=
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pE ATIONS ARD FUNCTIONS r:!\.gﬁa-;_ I|
14. Find the damain of he Sollowing real luetions -
|
! - TN . l%l—x |
D)= T2+ 20 (i) fley=—le—21  (uith i) = 2— |2 =10 (=) flo) = ——

15. Find the range of 1he following functions |
i - +2 xR M i =3-2reRxzl
16 Fird the domain end the range of the function F{r) - 267 + 1. Alsa find Fi-2) and the
nuimbers which are associated with the number 51 in its CEre, I
17. Find the domain and the range of the [l lowing functuns ; f
Wi-5 :
18. bind the domain and the range of the folluwing functions

4-x S

(i fix) = a2 (i) fixd = B-2x () F)=

xt i
=23

() fix) =

i Fl] = ot By s 4z .
[{i) f{x) = 50— (i) i) - 3% !

19, Find the domain and the range of the fallowing functions : .' / |
i Fix) = Jlo—xf (] Flx) = Jut =0 i) fla} - = . .
’ Y- x* |i

20, Find the dorain asd the range uf He lellowing funcliens @
(i} fixl — 12— 31 (@) i =3 - 1z -2, |

lxl—x e : .
'tﬁ 2 Iken find its domain and rangs 5 |

“a

21, If a tepd Jurction fis definec by fixy =

| x—1 |

P

29 Tind the domain ond the range of the Berciion © defined by Fix) =

. G R R g EEn wiie o
23, If fand g are lwa neal functions detined by fix) - dr + Tand g i) =4x 7, than for whal
real numbers x

' i I T T ]
() flx) = gzt (i} Fiv) = g =21

. g o ; T e
31 Tind the domoin fer whicn tne functions Fird = 3x¢ 0 and plx) = 3+ x ame vipisal.

9.6 GRAPH OF A REAL FUNCTIOH

i i Teacie L i : e lm a Lot in
3 i ;e i wrisralisasion of the probiema, and bence; these help a l
Graphs provide ns geometric visuabsak P

understanding, the problems.
Ceaph of a real funclion e e
X e Dr" f:'Fg'-_'.'.F.,"I'.I..',
€ () =[x, Fiahl; lor all x = Ll_r-l--
ot ponsists of finilely many points, then the graph of {can b
easily mlotted ina planc; bl it t]-‘-l’. domein of feonsists of infinitely many poiols, il may not be
plzq:ifh}::;. L[;.|p[ all }hey; puints. In such cuses, we [lot enoiph poinks to met an adea of the shape

uf the graph and then jrin {heae peints by @ frep-hand drawing. e
ar

dod b GO s siae sed of il poinks Gr, Fn0 of (e plane where

If the demain of a function

e fallowing Pmm-ﬂ';._--_: of a grnph are worth nbsoovition -

(i) The graph of o funchion Fis o subset ol thee phae ad 10 15 soniqueely deferatined by i funation

(i) For eqen © € Dr-_. filere caisks
crz el deherrnizd.

I 1 : ' 5 2 ]
exactin one pent [c, FLly i GUF)L for fine orlue of fab c 18

til o2 D, then U vardical line r o« & will meet the gn"-Fh iy pne

i rrically, it means tha i soph
ol : if & real number ¢ dnes not belong to DJ,, the line ¥ = ¢ =hall not

paint only. Cn the other hand,
meet G {f) at all.
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It follows that every subset of & plane cannot [omm praph gl some .nlr'lc‘illll'l- TR
a (non-empiy) set G oof points in the plane may [orm a g el o anction, 1 s nooeg
each vertical line should meet it in atmost one pain, [ convarrse ialse Lo e, any 1] e
in a plane which does not satisfy this property cannal be thee grraph ol a veal valind itz

For examply ;
(2} the following graphs represent functione @

ok ¥4
I i
; o
| I
i | : .
| : ! | :/
b ! ) f"i
% // INS
- : N e o | § =" | -
i Q | x X I:|'| | X
1 ]
W ¥ !

¥ vT |

;d_ = i
/! 7 !
Sl— . PN )
= 5 = S P
¥ ""\,_ ! £ W \ ] i x
el N I
i S~
”
Fig. 2.21,

i st of @il x-coardigtes el the protnds of 0
Weceordinites will form fiy range of |,

REMARK
We can find he range of
of the function.

ILLUSTRATIVE EXAMPLES
Example 1, Draoe the gramies if L

il ottty N Ao of fatend iy corprspeanding

o funed i
108 from jis raph, Infael, the val e of W eonstilute (et

'i'l.llé':lu:u'llr )
o foreal funcii B Sevce fid thiviy Pl

{0 ) = 20 - 1 [if) fiz} = X =1
Solution. (i} Given fix) = 2, _ ] -
= Uf-'- = R.
Lety=F(xdie y=2r_1 which is o 1
- whic] e -
&3 1 B W ot Visa fiest degegg Laualion jn

S ; & Elraieht [ :
sufficient to determing | Suaightlinugi‘nl;gﬁ Twa poingg fp
% ¥

Table of walupg | x 1} 1
l ¥ [ =1 1 j

A portion of gy

i =

i gragh i — e .
Eraph, it js clear thyt 4 Iapk ,r.5 o in figg. 2.22, Frim iy el o4 X
Kr=R, # 1S all rea) Valies, i Follwes 4 ;
't that

|
i B g s |

¥ Flie 71 n
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RELATIONS AND FUNCTIONS B

+! 1 ==
(i} Given f{x) = H =D=R-{l

¥

a -1
Lety = fix) = =7 — %+l el &

L y=x+ 1, which is a first d'E'Et"L"'l: Equaﬂnn in x, y . |
hence it represents a straight line. Two points are sufficient to 1
determine a straight line uniquely.

el e s e e e o g

'

Table of values | x |[=1 [ 0 )

T
e [0 |

Fig. 223,

=

A portion of the graph is shown in fig, 223
From the Era]:rh, it is clear that y takes all real values except 2. Tt follows that Rj =R - [2].
Example 2. Draw the graphs of the following real fanctions and fence find eir range :
(@) fix) = a2 (i) Flx) = %
Solution, (f) Given f{x] = 2 = D, = K.

letw=flx) =2 xe R
Table of values

X e | ~4| -3 =2 =1| 0| 1 21 3| 4 |
=2 | .| 16| 9| 4| 1| 0|1 ]e]9]|16]-
P]ut IJ.IE 'FIEI-ZiI'I.lE- {_ 4.- 15‘:'_. {_3r g:lr I:_zr ‘1}. {_-.I..I -I }.. |:u'| ﬂ'}.-
(1, 13 {2 4, (3 9, {4 18], ... and join these points by a ¥
free hand drawing. gl
A portion of the graph is shown in fig. 2.24- &
it ie clear that y takes all non- 4

From the graph,

negative real values, Tt follows that By = [0, =)
by il o =™ TR R R
Lety=/f() =¥ xe R x 7l

Table of values Fig. 2.24-
e I R 2 3 1... |
—wl-8|-1|0 1|8 el B j
i _2, -8}, (=1, =1), (0, 0), ¥
(1, 11;,[?1.“;; IE:? ZL;:L{_ET ;:d? jiu::-[lﬁEI‘]'W_'.*HE ;ﬂlntﬁ by a free z‘]"
hand drawing. 4
own in fig. 2.25. ]

A porlion of the graph is sh

: : i = + * W
From the graph, it is clear that y takes all real values w8 4-afQ2 4 88 |

Hence, K, = K.
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L5 g
Jasa

Example 3. L i

|:'|-:|I|"{];'} = —i—..l' =

¢ graphs of e fallowing

UMDEASTAMNDING 150 MATe

Fa

l=2X

R, x#0 (i) f(x} = i

1 ,
Solution, (i) Given fxh = < ¥ e ,x=zh

. 1
Loty=flxbiey= -, x& R x# 0.

Table of values

el functivns @l Jrence foud their e -

r

L-x+1r s,

X<
=i

|
, m =
x N R N -D.ES!D.E:I 0.5 | 1 |J 2
= % :r n2sf-05| -1 | -2 | -4 | 4| 2 ( L
o Y,
Plol the paints shown in the above table and join :
these points by a free hand deawing,
E I
Mortions af the graph are shown in fig. 2.26. »
Fram the graph, it is clear {hat 2
R;= R — fil. - ol
il [«
This function is called reciprocal function. Rl A _2
—4
W
bt

(i) Given ¥ = fix) =

r 2 s :
We note that DJ. =M and iz graph consists af tha F'-Tlullli‘.-'ijl_;.'; thrpe pilrts ;

L. Whon x =

Tahle of values

The graph is

3 When x5 1, 4

Ti.IIJI{_' o l,-a!r_-“z!_: L:’f
I

The praph 4 4 part af
The seaph of g, given

Frum (hg graph, 4

O ¥ =1 - x which is a &gt degree

|-1—.:r P
R
l.'l:"l]_

]
-I__

P S

X _1|

— — T ——

] i|3|

L]
I

A part of & straipht |ine.
2 When x =4y = . It

TEPreEsents a pnjn| . 11,
1+ x which js a first dg

s
T

il h1.|.‘..'.||;|;|-,|: Nty
funetion i g

; E'Il::l'nrrl i e
% dlear hy R, n fig. 227,

= [1, =},

eyuation in x, v,

xl

BFCe equation in X

| SR B

-2 3 a7 5 3x
\rrp'k"
Fio, 2.7, ;
i 3
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FEATONS 410 AACTONS e
EXERCISE 2.5

Droz the oravis of the Bllosine (1 0 §) o Smciiees, Hemor, fnd Sarfr sy
L i) filxl=x—10 8 flzh=1-2x.

9 flz) = =3 o =3 _x<l
% tﬂ-ll:‘!_ =2 @ fix) = o

. . — =1 ,x5-1
3. (i) fix) = 1253 # fixd=y v ,-1<cx<l
1 o.xzl
4 ) flxh= 3 B fixl=1-5.

2.7 SOME REAL FUNCTIONS

MNow we shall diemiee eome standard real fmctions which are frequenthy used in catoulus

1. Constant function

Let ¢ be & fxed real number, then a fundion f Ya
defined by flx) = c for all z ¢ R 5 celled a constant
Junction. i ilxl=¢ .,

lts graph is a eiraight line parllel to r-ave at a
distance | ¢ | units from it. A portion of the graph for

T T -

¢ = 0 is shown in fig. 228, Clearly, D= R and R, = {c. 5 :
: i iy 228
In particular, if ¢ = 0, then fis called zero function v T |
and its graph is the r-axis itself.
¥ |

2. Identity function f.,
The function £ defined by fix) = rforall r e R 1= i

called the iuinrh't;r function. Its graph is a straight ]-'I_”f' V ,

passing through erigin and inclined at an .anEJe of b L

with the x-axis. A pertion of the graph is shown in B : |

fig. 2.29. Clearly, D, = R and R, = B #:'L . |

Fig, 129, {

3. Polynomial function |
A function f defined by flx) =@ < 5,% < 35 ol O ﬂ,r“_whem ity fty By .oey @, AT all real

numbers and i is a non-negative integer is called 2 polynomial function; D, = R.

If 2 =0, then fis called a polynomizl function of degree n_If = 1, it is called a |f13tﬂr_f.ldm"!‘fzﬂll |
and i:"ﬁ!ri?t i it is called a qrmdmﬁcﬁmct:‘nn etc, For example, f{x) = 7 - 9x is a linaer function I

and f(r) =5+ ~ 3¢ — Tt is a guadratic fusction.
i 2 1, then the polynomial function reduces to the constant fusction

'

In particular, if 4= 0 for all
fix) = a,

4. Rational function : R -
A function which can be expressed as the quotient of two polynomial functions e

2 here gix), hiz) are polynomial functions and irix) =0 (zero polynomial) is called a

- ———. B e = -

flx) =

hiz} - T E 1 . n
chon = ___:! a3 i i 1 function with
the funch 1x a ratana
rational function For example, i } . i5

D;= R~ -2 2.

Scanned by CamScanner



w B

._'.;; B-RE LNOERSTANTNG 150 ""'"“'l'ﬁ'llr

5. Modulues functon. "
The Function { defined by
PR i
flay=tx|iey=1__ R or ]
% vt | A4
is ealled the modulus (o abselute culue) function. e T [ |
.= R, a portion of its craph i shown in fig. 2.30. X '::l_'_h"““-a.;
. =
Clearty, B,= [0, =) |
: Be2:n
6. Signum function
AR L |
The function fdefined by ?T .
farl 1 ,xaxD T;ru
J'_ Pt i L I |
finy={x e =9 0 ,x=0 i qi
Lo ,x=0 ]1,::-:[1 ;-;*':_E?__‘*E
iz ralled the sigrnmm function. Is D= R and K.= [- 1, 1, 1] e 1
A portion of its graph is shown in fiz. 231 Note that fhas Y
a break at x = 0. Signum furction is denoted by son . Fiy. 2.30.

S -

7. Exponental function

[f a4 is any positive real number, then the function  defined v £{¥) = 27 is called the
exponentiol function. Dr {domain of f) = R.

The funclion fix) = 2% (a > 0, v & R) has the following peoperlies ;

[+ al o1, ;'
(i} R*.n¥=a**¥ forally, v e R T'
i) )y =aty  forallx ve R d

? 1
{f} i = ui: for all v ¢ R !
A portion of the graph iz shown in fig. 232, '
¥ Th
. Fiv) = o |
Jiz)m EES 2 '
____H_,r"f fz=1]
4 _}{ C ; |

Fig. 233,

In particular, i @ = 1 then Flx) - 3% = 1, whick is o tonstan! fanetion,

Note that ifa # 1, then Ry frange of £) - (0, =} and if ¢ = 1, then R, (11

In particular, if @ = ¢ fe. the basa iy o fan iccas '

2.71828), then the function {{v) = #* is called {natur
D, =F and By = (0, =)

anal number whose approvimate value &
ill exponential function,

8. Logacithmic funclion

aizsy [:ln:aili'.'r_' rexl numiber a4

woltl Ec s R h}. o ; ,and x iz a Posilive rea) number then the fﬂgulrfﬂtﬂfffﬁimﬂﬂ#

ymbol log % ard is defined as «

¥ =lag, x if and only if v = g
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HELATIONS AND FUNCTIONS e
The domain of logarithmic function is (0, =) and its range is R.
A portion of the graph is shown in fig. 2.33.

Y

YA
4
i
i fiz) = lug x
ff=za=<1}
H"‘- 8] > £ —
x w 0 X
v v ¥ J

Fig. 233,

REMARK |
When x is any non-zero real number, | x| will be a positive real number, solog, |x| (> 0,# 1)

makes sense for all x except zero.
In particular, when the base is ¢, the function f(x) = log, x is called natural Jogarithmic |
function. Sometimes, it is denoted by log x or In x. Its domain is (0, =) and Ry = R. ||

NOTE
When the base of a logarithmic furction is not mentioned, it is always to be taken ¢.

The function log, x (2 = 0, # 1) has the following properties |
(i) Domain is (0, =) and range is R.
(if) log, 1 = 0 and log,a = L.
(iif) log, xy = log, x + logy, x =0, y = 0.

{Product law)

{fv) log, [1J =log,x=logw x>0y = i, (Cuntient law)
L

(z) log, x¥ = y log, x, x = [l (Power law)

) e | § (Base changing formula)

I
{vi) log, x = e |

(pii) o = e=Io6".
{piif)x = gl %, = 0.
(ix) ¥ = &* lug o,

() x = g'B8%, x>0 1

9, Greatest integer function

For every x & R, [x] denot
then [x] = x and if x is not an integer, then [x]

For example, [5] = 5 [-5] = =5, [0] =0, [l;*-] =4[] =1, [-¥3] = -2 l_%] Y

es the grestest fnfeger less than or equal to x i if x iS an integer, 5
is equal to the integer immediately to the left of x. |

e

[-%] = -4 etc.
Some facts about |x]
(i) |x] = xiff x e I (setof integers).
(i) [x] = xiff x & L
(i) ] m k (ke Diffk<x<k+ L '

(i) ke I then [x + K] = [x] + kforallx e R.
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ﬁﬂl‘ UNDERSTANDING 50 "
| ? i : =5
Yine Foavclesd 7 I,::-.-_-_.-q_‘-\'.“ by 1 i.'l.l' = t_'|1 e \'ﬂ;ﬂ'l."-l.‘! 11 _L.'ﬁ?l'ﬂ-tﬁt IH!’-EE:.‘]I’ o u:tl‘glﬁl' I_.
L B e . art.
By = B s ol ol A SRP Py

Yahle of vahus

:” Jparal |PEx<] lgxy=2 | 2=

-
'i.
b

st of The seanli of the fanction 33 ghpT I
' :‘E‘:ﬂ?ﬁ- \r }f‘ . F!r:\\ o Fhat- b Bunchion F has
fhe 25 Oy, Bo= L Sl R Bk "
Bk a1 o inegral values of T

1, Practiomal part functien
Pl sgwomon F deftend By Fia) = 3 — bx] 5 oulind the fractionad part finction.
S the ameatest intease unction bl e defined for sll v e R D, - R
Wetnow thahxl=%ks Dittsr<k -1,

Pati=...—2 -1 QL2 .. and comztruct the table az under

g —

[0 I S | ol B f!n'{lﬂ_.'_rq:ll. 1533 I

L e F

¥l - T2 ¥ x | e | | -2
PersLy=x lax<dy=x-1 Teraiu
=i —
L e EREREE EREEE
¥ i .;_: | i ﬂ ] '~ :
. e I 1
ALl PO _,-u | | o X I
et the E.Hj"-h i shown in E-%- S5 E.EL":'II]:'-'a Re=1I0 1.
LA

e e e e o fy =,

/ R

. 7 F, f
; # Vs / /
- > _._-' o F

i : £y a

ILLUSTRATIVE EXAMPLES

Example 1. Sty fie Fellezrany ;
i PBx-d=35 (i{2- 2] =<3

i) [TF - 5[ 5
Selation. () Given [3 - 4] [xF - 5] + 6= 0,

T.._q :‘SIES-T—I-I-‘:{ﬁ

: Ceiths Lthen v} =% = perek®
== Wiy« ] = ]5;-1,3

Henow, the solution set i |_:!I '%]1
L]
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FMELATIONG AND FUNETIONS =ial

N Given 1 -2x]=-3 =351 -2pecl

Henoe, the solution et is

b o Tl

f 2
(2. 1}.
Gii) Given [x]* — 5[x] + & = 0 = {[x] = 2) ([x] - 3) = 0
= [tl=2orx] -3
= d=x<clorlisx<4
= re [2, 4.

Henee, the solution sat iz |2, 43

Example 2 If f: R = R is defiried by f(x)

2%, then fird
) mange af f

(] x such Haf flx) = 1.
.'1!5.]_1. | i peru s ”nn’ _.F {_'!L' = '|I'] =_|I:. {.ﬁ.:l .ir I'-...Ill]'

Solution. () Given FrR - R defined by flx) = 2=,

Note that El:»= Rand forallx e R, 2 = )

= range af f = (0, e

(@l Civen f{) -1 =2l =m =20 oy =1,
Turther, flx + wh =272 =2 . 2 = Fix) [

- Example 3. If f: B* — K is defined oy flx) = lag, x, where BY 3 the =et af positive real mumbers,
flren find
(i} range of f (i) x swch that Fla) = =T,

Also, prove that flxy) = Flx) = FO0, for all . re R |
Solution. (1) Given fix) = log, x.
We know that Dy=R* and for all x e R*,. log, v & R
= range of f = R.

(i) Given f(x) = -1 = log, x = -1

1 l
= yr=pfgl=y=—

Fusther, f{xy) = log, (xy) = log, x + log, i
= flay) = flx) + flu)

T+xY gl \I :
Example 4. If f(x) = log T | prowe lhai | - 2F(x,
“x)

:l!-r.'l.'l i
: flexd
Solution. Given f(x]) = log kﬁl
fj 2x
+ 7 2
2x z 1+5% +2x
Tk laxtyg E. L 14 x= =2y
1+2x-
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UNDERSTANGING 1S5

i 0f e i

Example 5. Fitad fise

Solution, For D [ ix) must be

1 pustbea ol number
= '.up,':}—.wr'r
3 - = O and 1-xwl

yedand x 72

a real pumber

——
—

=4
— 3myand 2Fx=

L g LR
o D=l BUG3

-Wﬁi-;h = ._-h- =

EXERCISE 2.6
: . wenslinns [or X
1. Solve the following eqaation 5 (i [zadr]=5
peboap i T T LS I [2 r3ﬂ _

3 v i) = F | ——=—|
[:- ] then showr that fixd +f () = 4 L] +.Ii,."]'

I i) = o

3 Find e doain of the foliowing fLecnciions - _

1 o
i Togis - X | -

2.8 OPERATIONS ON REAL FUNCTIONS

The alpebraic operations of addition, subtzaction, mullip/ication and divislon et e
pecformed on bee real valued furclions switadly in the same manuer as they are perdorh
turey el nurmbers.
Let fi % — Roand g2 X — R beany ben real functions where ¥ = K, then
() e sam af fand g denoind by £+ g0 ds e function defived by
(F=gh ) — flad o gl farali v & X,
(i) e differerce of Fand g denoted by F— g, s the fusichon defived by
(=) ) = fla) — o, o ol v 2 X
(i) Hoe eroaliecd of Fvd g deested By Fuode the fenction defined B
(fg) [} =) gixd, for oll v & X, )

(ie] e queotient of Fin v deiaied o 2 e R o die
d WO neaied iy =, 15 the fimetian definied by

[i\['i] I ﬁ :
T T T Ky where X, — ey v e X glr) 2ol

Further, the function i usually d : ey
] +1 B USUALLY denolad Ly 1 the N - N |

herwe the power function { (1 ¢ N s defirad ab {jtph.i :’::Inr'jﬁ.-"ir_ﬁin::_,f_.fl by f* and so &

E'! —t' I - I . ' - I:I:I}"-' wnr ﬂ“ I E :’:I
The function 7 12 called reciprocal of Fand is defined i
1] |
- 1= — wilh domai -
|70 = g with domain X, = ;. e x, £y 4 g

v i amy rEal 1
.-l'g;_irjl[r_l-j f.:;rfr:]_ ﬁ:rﬂ:[{n;ingmn the funetion tf calledd scalgy multiple of f by ¢ is dgfulﬂi
REMARK
Th'; fumetions f i“l]d £ m"d NEE MEcessarily hape the same damai 2 Jomairs!
|3 different, then the oparations [+ SF-t foang I s umain, When Lheie do :
. T Tnmmm—— o TIDE pa o e anly on A domaln ¥

+ Tal [
A58 special carp of

i a dornain wheee g iv] # 1, 2’ this opueration can be peri

:ml’i

—all
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HELATION ANE) PUNGTN g
ILLUSTRATIVE EXAMPLES
ample 1Ll fx) < x + 3 aud g0} 2v - 3 e b ol fonctions, Find e folloisie
fungtioes .
UPES: b f-g {ii) [ g fi2) ;: (} f* - 3
Sobution, Given Flx) oo 00 amed g {x) - 20 - 3, |
W nole that L3 R anud 13, = I, s Uhese functions hive the same climain R.
Gy A i) e fO) e =l N+ e =B =2, forallxe R
i) (f - ) s fi g =fr =N =2r=Pswr+d forallxe R
G (il e flxl g ia) =l Ni2r -3 2= -3 forallze R

A oy
r i fx)  xad

o :
CRCEE- A= A SLE

2

() (F% = 3gh (= (F9 (0 = () () = (F ¥ = By )
miy o+ 1P =22y =N e+~ 1-0x+7
e vd oy 10, dor all x o [/
Example I, .'_."_|': B the idenlity Denction snd @ ds e modafus fuection, Then fnd e follewing
_|"|4.*|.:'||'r|.-|.-1 1
i+ i f-u (i Fx (321 %
Solution. As [ s the identily funclion and y s the modulus fanction, we Tave Fiay = x, for
all ¥ & B pncl -.3[,11 |, for d” re It
W sole that the fleactions §and ¢ have the same domain .

) Zr, x =4
W ,_':‘.] () = Fx) + alvy=x 4 lxl = 5 e a,

o X[UJ ¥ =10
i f-gh i = fld gl =x-teb=g. 0y

¥, oxel

(i) (£) (3) = {1 ) =l = ! ¥, <.

:II’Flr} (LN ¥ _[1- x e
{fe L) FHEY | x ._]' ro .

Z

Mole that i— is pot defined at x =1,

Example 3. Le! fix) = Jx ol {x) = et reil fumchigns, Fiwd e folfanoing functions ©
i B

@ f+ g ) f-g (iii) fg (i) o

Solution, Given [(x] = +x and g {x) = &

We note that Dy = [, =} and 1, = R, 5o lhase functions have different domains.

Let X = D; m:n = |0, =} 7 ﬂ—lﬂ ).
Thug, the common part of the domain = [(x-xe R x 20

W (F+ ) () =fl6} + gl = S5 4 x =0
(i) (f~ g} {x) = Fla) - & (] = ox =moxell
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g (e R
iy (Fg)(x) =flx) glx) = Jroxx=105%

a [L@=T5-5 -
[R] ) _ Griand gl = VI3, gt
ed. Let f g be to functions defined by f (x) =~ !

Exampl
follozwing fumetions : i 7y
Mmf+g (i) g=f (i) 8f (i) ‘;3
W & (i) 2f-NBg (i) 7S (i) =

3
Solution. Given [{x]) = Jx+1, glx)=v9- x*

= Dy=[-1,=)and D, = [-3 3]
Let D=DND, =[-1=) N33 =[-1 3] # ¢, then
(i) (f+g) x) = fla) + glx) = S+l 49— with domain [-1, 3],

(i) (g f) (%) = gla) - Fix) = 49— =2 +1 with domain [-1, 3].
(i) (gf) (x) = g8 flx} = 49— x* Y+ 1 = /(92" ){x + 1) with domain = [-1,3],

AT L B T £+l .
(de) [s]{x} Pl e 'J';-rl with domain D,

where D, = D except where g(x) = 0 = D, = [-1, 3).

a8 2 {x) 1,!'9-,,-2 g mp? ) .
() [I}Iﬂ -.ll's-{T}- i i -'||=|-Fx+l; 11'|t_hdm3mnz

where D, = D except where fix) = 0 = 0y = {-1, 3.
i} (27 Sl =2f() - Bele) = 247315 9~ with domain [-1, 3]
i) (P70 = (Fllt+ 7fl) =y 41+ 7+ +1 with domain [-1, =)

t’H' {EJ = -_3_ = 3 1 i
i) : {x) P Tl with domain D,
where D, = Dy except where glx) =0 = D, =(-3 3,
Example 5, | =
ple 3. K fix) = e and g (1) = Iog x, then find the fellowwing functions -

Gfvg (i) fog (i) fq () L
5

m} (i) f2,
Enlul:n. Givenf{-ﬂ=£"andgl'.r] = log x
J,r=I’liit'u;i[]:i:HrFP 'l-'-'l'le-rER' ;
E " 15 the sep of it
T-.l::l'}lnl:nfli.'l[:'ﬂ!‘:m“ﬂ“w:-Rla”h'tEWLE Ol positive regly.
i '[f+i.']'f1'3=ﬂﬂ*3m“f‘+hg: with 4
] Umi\il'l.ﬂi-

W -2 )= 1

- ~flepa

i) (fg) ix) =l g () = ¢ g ::?;:ﬂ“ifh domain g+
’ Omain R+

(t) [-E.J{ Y- ﬂ_.r_}' o
£ i o) - EE; with dm-“ain Dl

“'rIETED' —1 b
X =

U j—E.. WL
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AELATEING AND FUNCTIONS T
1] L _
(e |': x) = —— = —, with domain R except fix} =0 = R
(il U-_] [x) = 'ff el = (e = o2, with domain D R
s P Ay '
Example G. Fimd Hze dowais of e fncrizy £ alefieed By Fld) o 3 -2 4 ]__
-|'I_'|_'- -
Solution. Let f= g + i then g{x) = - and b (1) ~ ———.
wrt =1
For D g {x} must be a real number = 4-x 20
= dzxr=zx F:#:’TJE:I:_W’ 4].
For 1%, it (x) must be o real number = 2 -1 = ()
= +lix=-D=0=x=-lorc>l
= Dy = (o= =) LI, o,
As =g+ 0 s D,- Dﬁ N,
{71 +—F
; e e o (R W R
% |
Fag. 2230 |
From figure, it is clear that T, A0 = (e =10 1 4.
Hanew, the demain of the Iunrtlmr = o2, =10 11, 4
btk F e
Example 7. [f fixd = — © fla shaoe Miad
o :
St X T o —
0[]t L et e
Ty
jven i chat .- R—¢ Ik
Solution. Given flx) = = Mate (hat I
boq i
7 ’l‘_;____i-i_‘_l'_-l__l.-{_ﬂ1;“]_1
{Enl 'Illg\_,:l:.l 1_] 1+.1r +l II
i 3 _ ]
& e l+x ¥+l reR=lL .
] ;Flf__ = -____1.. 1_—] _.rl.-.l-l
[l = |
A Fy
! o ihai (FEO = FlxfI 45| = |
Crre o o— —, PR A [ i) > 5 |
Frample B 1Y F15) pad ) ||
s - LoD=R-I0 |
Solution. Given flx) == T+ [y |
osk] |
) Iy i|
b _,in'}—ﬁ“'f—ﬂ‘" T
i X .‘
? 1 v.l—lll—_.l].—‘-l——].\.—q[l-l\] II
o LFOD " : x s ()
[
S J + 3f

Ny
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: ﬁ% . UMDERETANIING (g0 B

iy —Ah

Example %, If flx] = 1 = ——, Yeew prrame it fl = x,
=l
) e o =N .. that ¥ 2
Solution, Given (v} =y = B L Rl
- cr—a -
ox b
T |'| fl, e e——— — |}
= e B lasy
: ok =1
5 R 1
s —a
_ Gl =Wy—ligr—a}  atx-ap=boysab
R et 2 DT =
o =N—afor—al par—hre@cr = a
_ r-:.r—.'_:.i I et 13
i =i e — by
EXERCISE 2.7

Very short ansmer type queestions (1 and 30 ;
L It fand g ane real functions delined by

Pl =x"=Fand ¢ (x}=3x + 5, then (;
i ¥ ; e fin hy iy,
i S8 = ei=g) i Fl=Dy b g =1 I
4 il Fi—ay A b= ]._,l {ri':' II-' i 3
i k;J gy

o) - fie2) o D08

200 ) = e and g (x) = log x, then find

L

L) _i' (3]
vl

N r

() 0F - g (1) (f) (7a) (1)

F o d o 5 " x H :
3. 1 fard g are lwo real valued funckions defined by ((x) =20 4 1 4rd 21ix)

lined the follraiege fuctinns - S

VRS ) f- g (i} fo [ 2
I 11 o . — by
Flad=x"4 land 2 (x) = x4 1 Le s meal functicus, Qwn Gnd (he ‘elleminge Amelions:
= L L= W b
G f+e (i) 4 - f lii) g Gy L # 2g7 - 5
£ 0 = .
5 Tl.-__lr{.'l.':l L) '.J.'_-I- . (S . . &
s 0 m.d[il-:.? =B v I e real funetinns, then fingl the fullowing funclioes:
3 i) o ¥ |:|'|'f] _f.'_-: |:!.-|..|] g.f Eﬂ". ; :"I.:'
|:.-L|r'.:| -L |:|:-'I.'..' .:! y i - A
E S F {oii 2 ;
; Ly 5 3f~22  (Wap+a

IS-_F+E -5 ﬂ'rﬂﬂflfg—-g.‘?

L (3 5 o g fx) = .,";.a

——
. i ;
iyt be two nea) valued [unctiog 4, ther find the followi
N Fftuy :
d 1_5; {rr_:l g —_IF |:|I_|I_|-'I| e 54

E gl':. [!-i-'.l Sji.'_ Eg ru} i

@0 27 0 Fy o oS

Bl (i) £,

| AP T |
o Preve dhay £io f[i_wl i
X

8. H__f'l{__-,_'}= X ¢+ l

o+ Prove that (i) =fleh + 3 |T
Ly =fiyy 65 )

S g TR Lhat_ln"ql.-] =x yrpeb
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L ATIONG A0 PUNCTIONS Rz
CHAPTER TEST
3, Ha={L2% 31, B = |4, 3} and C = {5, 6}, then verify that
i AxBUC=(AxB)U{AxC) (i A= (BNCH=(AxBN{AxC)

Giif) A #x{B-C)=(AxB)-(AxC)
9, Lot A =12 4,6 8 and B = [0, & 8 9, 10}. Find the clemenls of (A NDB) x(A-B)
corresponding to the relation %s a mulliple of "

1 (et A=1675810,B=|245,0e A be BandR be the colation from A to [ defined
by & B b if and only if o is divisible by b, Write R in the roster form.

4ot R={lx, y);x+2y<6xye Nj

(i) Find the domain and the range of R (i) Write R as a set of ordered pairs.
G let =tz y);y=x+1andye [0 1,23 4 5l -

(i) List the elements of R, (i) Represent R by an arrow diagram.

i

G, lat f be the subset of O x Z defined by f = [[ﬂ. m] s, ne Lon# D}. Is f a function

[rom € 1o Z7 Juslify your answer.

Hint. Jr{l-] « 1 and f[ﬁ] ~ 2but 1= 2.

7, Lol [ % — Y be defined by fix) = o forall x e X whete X = 2 -1, 0 L Z 3| and
v = (0, 1, 4,7, 9, 104
Write the relation [ in the roster form. 15 fa function?

b be g o= 101, 1) (2 3 G 5, (4, 7)) a function? If this is described by the relation
giz) = ax + [} ihen whal values should be assigned to and .

g, Congider the funclio flx)=x + %, ye R, x=0 Is fone-one?

Hint, Clack that ((2) Ilr‘]—l]
(i frove that the funetion f: N = N defined by f(x) = 3z = 2 is one-one but not onto.

Hint. 2 hin no pre-image in M.

11, Pirnd the demain ol the function [ piven by fix) = _I'I_.:l}T__-
Yy —X
19 | habepmine o quadratic function 1° defined by
flx) =m0 b doe if f0) = 6 f(2) =11 and f(-3) = 6.
5, Pl the domain and the range of the function Jixi=2- 3L Alzo find f(-2) and the
simbers which ape associaled with the number =25 in ils mnge.

i, i thae dommain angd the range of the following functions :
(h J¥-3 (i) J25- 2 Gif) 5= lx + 11,

14215 ,x=<i}

16, Draw e graph of e function fix) = i
Uirn il fi) J+8r ,x20

e, o dis wingge.
16, 10 Flxy = 2v 4 5 and g (v} = = = 1 are bvo veal valued functions, find the follawing
fnctions :

Wiy (£ - 1 (iii) f e (o) .E (] *I-: (i) B + 2

.l
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LAOR UNDERgy Pt
ANSWERS
EXERCISE 2.1
L fa=2b=3 (Ha=2b=1 Giida =3 b2,
] 2 )y
L fr=8y=2 filx=- 4=z da=1be-os :

d. P |LI" Rl (7 40 (7 20, (8 50 (8 4048 2)) and
Qx P =5 7005 8L 7,4 8L (2 7, (2, 1]
5. 1) '[ 1, ﬂ (-1, 35 (0, 3). 00, 5), (1, 30, {1, 31}

"

(i} 13, =10 03, O3, (3, 1), {5, = 1), (3, fllf!. (3 13 (f) §i3, SEY 5), |
B b 79 BVl 20 G g (it} o 5 3L
9, 1@ . {12, 4 (2. 6), (3, 4, (3, 6], (5, &)
10 -2, B 12 3, 63, 0 120002, 4), 42, 8), (2, 10

3 : e L 03, |
1, S =10, (0, 03, 03, 0, 2 0, 03, U,'IJ M, Aoy, b9 g
Ij. L : 'I 2 :}'.l :II'II'.:I H |'-| -:,I 16, |'| I m] I-".]'i E =L1%
17 f

J.Ern‘s-'l.’l ) G g (3 wl (1o, (2, _r,'II
KL S 0L 9 (L9 (2,5, 12,7 (2,
Y1290 (3.5, (3 F i3,
i) 13105, 33, (5, 39, ¢ AL, 7w, (7, 3 J g el g i
|:II:| i _|-|_|} i ' l. ¢ .- i 1] (9 E] {g -3:' ﬁri
9. 61 (0,4, 12, 4 13
W) 101, 3, 01, 4), 01 -.J (1, &), ¢
G (11, 2, (L, 4,
2610 ), (1 ;)

ST [Ilr._ul (i 41, 40, 5

(L 4, (2, 4 (3, 40

3L 02,4 (2 R) (2, &), {3, 3 p
(L3} 11, 8), 12 3 T O3 3, (3, 4, 3,8
L8}, 42, 39, (2, N A2 30, (2, 5, L3, 3L (340 51'2‘%

2% 10,1, 13 01, L0, 1) r; M3 11, 3, 1, 4, (1, 5
M A< Tl ), o
];'n}:L'- |[ 1 "":I (-1, 2, [2‘_ . I-' -!.-::. h]:l. {J].I (2, 1, 2] E E, 11, (z 2 el
KA = i 3 =0
, il2, LA . ] 2.3, 03 9 2l 14, 3,
5, 32012, 4), 3,

A=dn by HET CER ) i, 2 We 35 (e, 7 )
EXERCISE 2.2 o

Lofiaa g i
PRk .-]1'& Wb i 1
S W (i) 6y g 20z, 3
5R- i, i ;-'flm W) 512 4, D £ (2, 3} iz, A0} 16
q |.'|I|_‘| - §
7 2,4, i3 Lo B 6 gy 20,3, 4,5 and tange =12
::;' =3, 6 g;"liﬂ‘ v 0, 14, gy oI008 dog %T
U SRR e R N A 8 {2 3), 3, 9, 4 55
i e ':'_l. .'.. .:I okt ! -':I" Enil “a
11 : e o
) Dhoinggy, o3 g & 125, 7, 3-13]| o |
|:-||'I| i 'II.I T':.|-“ l'|' ; | .J.'_:' ['b: = ||:'|:'| ._J_] Il'-l ';_I‘} [3 25]:. Ii'
A el 2 Sl
‘_,.,-"-.
P o Wt
II|l l-::..k\x"-ql J_'_:_::"T H".
| #FL‘:---T ll'l
! & I__}_-_I——-""I. |
qr-"'-}ll- '|:“"“ |
12, 4) sl H‘:“ g
Ik i
[t H TER = gy, 5,
= [[x, 1""":'21"-!,1.-1,:’[“”#:'“1&;{ I |
Sxzy = -1, |
o X - :_|J Pre I_, 2.. :ll 4

|
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EELATIONG AND FUMCTIONS

13, Fo= {2, 40, 12, 6), (2, 18), (4, 48, 66, 6, {6, 1%]

14, () ancd (i)
15. Domain = [0, 1, 2, 3, 4, 5 and rangee = 45,00, F, KU1
16 () W5 3], o, 4), (7, 3
@) e, Wlty=x-2xc N52x=7
Damain = |5, & 7} and range = (3, 4, 5|
17, (] Domain = (1, 2, 3, ... 9] and T TET L R e R
(i} Domain — |1, 2, 3, 4] and range = |3)
18 (0 WO, 10 6 20, 43, 01 G0 jos 6 3 () |1, 200
1%, Domain of R = {0, 6, &, 10] and range of 1= [, 6 8 100 1 = (i 100, 06, B), (8, 6, (14, ()
20, (0 R o= 1, 13), (2 &), (3, 7), 04, 7). (6, K (12, 139
(i 41, 2,03 4, 6, 12 (e 13, 8, 7
21 (Z, &), {2, 10, (3, 0, {3, 100, A, 10

22. Ddamain ~ |3 &, 9 and range = |3, 4 55

a% (2 10,42 0) (2 =10, 02 =2 4100 (L =100 (1, - 2), (0,
G, {1, =10, 00 1 i) =2, 2, =1 10

24, () |61, 3) (1 5% (3 3 (3 5 05 20, (5, 5l de )] S
(i 1, 3, 11, 5, (3, 3% (30 3, 15, 3} (5 3

o5, g=1,b=4%2 26, (N y=3w=2 (- 2-3

A, (0, -2, (=1, ~2)
23, 1, =1), (0, &

EXERCISE 2.3 |
1, {i) Mo (i) Yes; domain = L b, & :I'!-. ancl ranpe I'::: g o, 1)

(i) Wo  {iw) Yo domain = {1, 2 3 41 aml ramgge = 12 ; )

(¢ Mo () Yes: domain 12,4, o 8, 10 B and ronge 11, % 3,4 7

2 (ff). 3000 Yes (0 Mo 4. 0 Yes o G0 Yes ) Yes
5. (i) -1, 2% A0 1 11, 23 0 100 (if) (-5 —1, 5 9
6 (i) and [iv] 7. Yor range = (U, 2, 7]

g M1, 4), (2, 1), (3, 45 04 3 (5, 4)}: yes, becanse cach clement bf ke dlomain has a uniguae
imagge in the cudorminin .
9, (-1, 10, (0, W, (1, 1), (2, 4), (2 4 yes fOx} 4% v e A 6, 7], range
10, [z 30, e 7, 0 70 Gs L e it it 16l crsdimain - (1,3, 5 7). TA0E
Y

w37

i Wes

r_'|!—
e

1. 0 -2, -1,1,2] (i) { Lot
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A-100

UNDESSTANDING 18D MATHE, ]
12 F= -0 0 @, 10, (3, 28), (9, 730), (7, 3431); range of £ = 10, 1, 28, 730, 34y b
13. il '-2. |!I - —

ik

H.a==,b=10 m=3 =3

i | =

2L 10 Bijective (i) bijuctive J'
EXERCISE 2.4
I == T
1. | X | 1 badi| & | 4 5 | & 7 ]I
y=fi|3 |5 |7 o Tuls|n|
S | 3, -0
4. Mo; because £33 - 27 6. Alea F 4
Jla ...'.H'._I{'ﬂ_ F=3 A= sot E3 = ]
s sa f{3) ® s, 50 the element 3 of the domain of Fha
5. 49 o3 =3 7 :
-l F 3. E':I.-' 3‘.- -3 a, []_:| 5 T
10, Ef} 11, 3, 9, 19 (i) 171 {fif) -2 R i
L G4 7,012, 19, 2:y

(i) 195 Ll MNa (o] 2
BAOR -2 iy R- s

B0 g o]

T o
15, (b 2, =)

(G R 41, -2) (i) R - {-1, 1}
(i) {1, o=}

\ “-\-'.:' {_':':r 3]
7 R
I::IT.:' I:_“'r ]-I

D2 10 ) 60 o, 3] 10, ) G 5, o (0, )

i & L) R - [
6. =R, Bo= |1, s 5 _5

8 DR - -1

Bl

MR-BLR-[6} g |
| 12|

2
i) B - 14 B oy |

Fat|

1
z
1310 [-4. 4L [0, 4 (it} (-, 3] 1 |3, =) |0 o
20,

(i) (-2, 7). [ 1
WY RO, =) (@) R; {—e, 3] | [

- 1

d
0 O £ [0 L s -
i A I -l_tl;
22 Domain of f= R - (4 Fange of (= |1 -1}
2. Mx=4  [yyay 21 {_1 4]
|

EXERCISE 2.5
LOR (il R,
5. i) L, 1) 7, i -1 . L I:I,} F-1 tng
EXERCISE 2.6 R

43)

3 (i) ,hj

) 1]
1.

Gy |3 1 !
"} [ ,.z.-— l_.I tffl} [ - .-;_-"_1]
fif) {3, 3l

-4 T E
1 "'"llll.' ?_-g'ﬂl

EXERCISE 3 7

L s v
Lif) 13 (i 1363 e
i Ry 5
{i':l t&+5
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CHAPTER TEST

bl

RELATIONS AND FUNCTIONS

3
2. e (i) 0 {2 =

log 3
3. (2 2+x+2xeR (fyIx-x2ze R

[ﬁi‘.ll‘l.‘*‘+x:'--|lrl'l,xER {h'] i'.t+1 rxc R

[“'r'] 1-1-4._1&-" e+ LxE R

L. ¥ +rx+2,xel (it} x — ::3, xre R
3
(Far) J':II,:L'F. Ror=-1 (o) 2 +4r -3 -1 xe R
5. () Jx—=1+3-2¢, x21 ) 3-2¢+ Jx—1,x21 (i) -1 (@3-l
— T ] 'b|lr_'l'__.|. % '3
fie) (3-2x) Vx-1, 221 () T—T1-3+2nx21 (@) g5 ¥2h¥=3
Lerdi) l_ = P b g fer) yx= 1 {ix} Wr—1-6+dr 121
1 —1 Wi —
() =dx + 7, x = 1; Yes and yes
—_— . ——— P . '_ __.' ot
6. () Jx-2+4xi-1 (i) dx?=1-+x-2 (i) |l =2 =1)
(v} 3 =2 -2x -1 © |7 L (vi) 20x — 20 + 3at =1
= =i
2 | 1= -1 s
1 e —— 1
I::E rr} ._I.'_-,.- = |: i 1'| ‘?

Dromain in case () o (0 is [2, =) ond in cases indi), (vit) is (2, =)

2. (6, 2), (8 2), (8, 4) 3. (5, 20, 45, 20, (8, 4), (10, 2), (10, 5)] )

4, “} Domain of B {12, 3} and range af B = {1, 2| ) 161, 1), (1, 20,42 1) {3.' .1”

5 (0 [-1, O (0 10 (L, :} (2, 3. (3 4), (4. 5N

(T
i

g 1

| *- — =3
I I | :| :
| A /

i 5 oe— —j"‘"ﬂ /
Nrﬁ R

7. t=2, 4), (=1, 1), (0, 0, {1, 1) (2 4, {3, 9)); yes

G, Mo
8. Yoy n:=2.[3=—l 9. No 11, (- =, )
12. flx} = J.- + %1. 4 f 13. B (- 2f;-10; 3, =3
14 () [3 “;J; [0, =a} {m [-5, a]; [0, 5] (i) B; [~ 5] 15, {—es, 1) U [3, o)
16. (i 2+ +4xeR {iNx+6-x5x=s R
s Ara D '
(i) 28+ 5 - 2r-5 xR [im) Iz_l-,:u&IL;:::].,J
g =1 # - fei) 11x2 + 4 + 47, x e R
(&) 21+5"IER‘ 2 '
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