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Number Systems

1.1 Introduction

In the very beginning, human life was simple. An early ancient herdsman
compared sheep (or cattle) of his herd with a pile of stones when the herd left for
grazing and again on its return for missing animals. In the earliest sysiecms probably

the vertical strokes or bars such as |, 11, 1Il, 1 etc., were used for the numbers 1, 2, 3,
4 etc. The symbol “III" was used by m: any people inchudin
for the number of fingers of one hand.

Around 5000 B.C, the Egyptians had a number sy, &wd on 1(. The symbol
A for 10 and 9 for 100 were used by t 'mbol was repeated as

many times as it was needed. For f:.uun nu*nbcr-, 13 and 324 were
symbolized as /\IIl and 999 4 respectiv 5}-m‘nu! 9% Al was interpreted as
100+100+ 100410+ 10+ 1+ 1+1+1. DifT people invented their own symbols for

numbers. But these systems of nnt:éﬂ proved (o be inadequaie with advancement

he ancient Egyptinns

of societies and were discarde ately the set (1, 2, 3, 4, ...} with base 10 was

adopted as the counting 5«@ alled the set of natural numbers). The solution of
the equation x+2=2 was ndO¢possible in the set of natural numbers, so the natural
number system was extended to the set of whole numbers. No number in the set of
whole numbers W could satisfy the equation r+4=2

=2 or x-a=b, ila> b, and
abe W. The nzgative integers -1, -2, -3, ... were introduced to form the set of
integers Z={0,+ 1,4+ 2,...}.

Again the equation of the type 2x=3 or bx=a where abe Zand b 2 0 had no

solution in the set Z, so the numbers of the form % where abe Z amgd

b0, were invented to remove such difficulties. The set Q = { % | abe ZAb#0 }

hla ﬂﬂml:d as the set of rational numbers. Still the solution of equations such as
X -2 orx*=g (where a is not a perfect square) was not possible mthc set Q.
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introduced. This process of enlargement of the number system ultimately led tui
set of real numbers 7K. = Q w Q' (Q’ is the set of irrational numbers) which s ug

most frequently in everyday life.

| |
1.2 Rational Numbers and Irrational Numbers

We know that a rational number is a number which can be put in the form.

i

wherep, g€ Z A g#0. The numbers V16, 3.7.4 elc., are rational numbers. 16 q

FZ 4
be reduced 1o the form £ wherep, g € Z, and g #0because /16 =4 < .
’ &,
Irrational numbers are those numbers gg}cun
e -

5 [
where p.ge Zand g#0 . The numhr:n@. V3, ﬁ \{I:E_i are irrational numbers,
- |

1.2.1 Decimal Representalitﬁgi Ratiunal and Irrational Numbers |

1) Terminating decimals: imal which has only a finite number of digits in |
decimal part, is called a te & decimal. Thus 202,04, 0.0000415, 100000.4 12378

are examples of te tfrg decimals.
Since a terminating decimal can be ¢

terminating decimal represents a rational

2) Recurring Decimals: This is another
recurring or periodic decimal is
indefinitely.

It will be shown (in the chapter on sequences and series) that a recurring decim

can be converted inio a common fraction. So every recurring decimal
rational number-

A flon-terminating, nop-

NOT It is recurring, [y s Bol possible 10 convert such a“decimal into a

fracr.inn.- Thus amn-tel‘ninathg, non-recurring decimal represents an

I
not be put into the form |
S

onverted into a common fraction, so eve
number.

type of rational numbers. In general,
a decimal in which one or more digits rep

recurning decimal is a decimal which neither
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100

i .25(=-") is arational number.

L1

o | _
i) A3 (= i] is a recurring decimal, it is a rational number.

i) 7 3= 2.333...) is a rational number.
. I
iv) 0142857142857 .. {=”;‘= is a rational number.

V) 0.01001000100001.. is a non-terminating., non-periodic decimal, so

it is an irrational number,
vi) 214.121122111222 11112222 ... is also an m.@"ml number.
vii) 1.4142135 . is an irrational number. Q
viii) 7.3205080 .. 15 an irrational number. O
ix] 1708975947 .. 1s an wrational nu

x)  3.141592654... is an important ] al number called ( Pi) which

denotes the constant r:uin(‘g'
length of its diameter 1.4

circumic -@Cr);ln_yt circle
B l@ihdiumrtﬂr

ircumference of any circle to the

n =
22 355

fy —

An approximate value of T is :jf a1 better approximation i 3

and a still better approximation 18 3.14159 The value of m comectio
5 Jac decimal places has been determinad with the help of compuiet-

Example 2: Prove J2 is an irrational number.
Solution: Suppose, if pussiblc,ﬁ is rational so that it can be written in the form

plg wherep, g € Zand g # (. Suppose further that p/qisinits lowest form.
Then 2 = piq., (g #0)
Squaring both sides we gel:
2
' 2.',---,-“‘:’—I or p:=?.q' (H
www.educatedzone.com
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A Texthook of Algehra and Trigonometry S |

The R.H.S. of this equation has a factor 2. Its L.H.S. must haye the %l}

Now a prime number can be a factor of a square only if it occyrs at ]m“
the square. Therefore, p~should be u;f the form 4p so that equatigp (1) g

form:

" - 2 *
4p~ =24 ()

!1;.{])
In the last equation, 2 is a factor of the L.H.S. Therefore, ¢* shoyld be

form -'Iq': so that equation 3 takes the form
27 =4q" e, pt =247 o(d)

.
From equations (1) and (2), OQ

p=2p S\/
and from equations (3) and (4) \\@

q=2q db
22Ny
t{QE/b

This contradicts the P isi
ICts the hypothesis that s in
q

its lowest lorm.

Henee V2 is irrational

Example 3: Prove V3 is an irrational number.

Solution: Suppose,

/ if possible /3 s rational so that it can be written in (h
Plg whenp, g e 7

and g 0. Suppose further that p /¢ is in its lowest for™

then ﬁ"-—'pfq' {q#[jj

Squaring this €quation we ge;

3-"-'£-:.
7 Of pl=13,2 o L))

q www.educatedzone.com
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i ~ Chapter |: Number Systems -

8 [of this equation has a [actor 3, Its LIS, must have the same factor.

Now a prime number can be o fuctor of a square only if it occurs al least twice in

e square.  Therelore, p7should be of the form 9p™ so that equation (1) takes the
nrn
9p" =13¢° (2)

ic. 3p=q’ (3)

In the last equation, 3 is a factor of the LH.S. Therefore, 4" should be of the

3p? =9 e, p?=3q" Q® (4)
O

rom equations (1) and (2), 8\/

yrm 9g'% so that equation (3) takes the form

T o a2
This contradicts the hypothesis that +';‘— is in its lowest form.

Hence +/3 is irrational.

P e

o it el imatedTAne SN
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1.3 Properties of Real Numbers

We are alrcady familiar with the set of real numbers and most of
properties. We now state them in a unified and systematic manner. Before stati
them we give a preliminary definition.

Binary Operation: A binary operation may be defined as a function from A x Air
A, but for the present discussion, the following definition would serve the purpose,

A binary operation in a set A is a rule usually denoted by = that assigns to any p;
of elements of A, taken in a definite order, another element of A.

Two important binary operations are addition and multiplication in the set
real numbers. Similarly, union and intersecti

on are hinary operations on sets whii
are subsets of the same Universal set.

TR usually denotes the set of real numbers,. We assume that two bina

operations addition (+) and multiplication (. or Q\ defired in 72 Following a
the properties or laws for real numbers, Q

1. Addition Laws: - 6
i) Closure Law of Addi @

Va be R,a+b ( V' stands for “for all" )
i) Associative Law tion

Vabce 7 B& +c)=(a+b)+ ¢
iii) Ad:llﬁ\rgd

Vae € 7 such that a+0=0+a =g
(3 stands for “there exists™),
0 (read as zero) is called the identit iti
Yy element of addi A
iv) Additive Inverse iy

Vae 2.3 (~a)e TR such that
@+ (-a)=0=(-a)+q
Commutative Law for Addition
Vabe R.a+b'= beg

2, Multiplication Laws

vi) Closure Law of Multiplication
Vabe R abe R

v)

(@.bis usually written as ab),

‘ |
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vii)

vidi)

ix)

Chapter 1: Number Systems -

Associative Law for Multiplication

¥ ab.ce TR, a(bc)=(ab) ¢
Multiplicative Identity

Yae /K..3 1€ T suchthate.l=la=a

I is called the multiplicative idantity of real numbers.
Multiplicative Inverse

: |
Va0 R,3a' e R suchthataag’'=a'.a= I (@ is also written as = ) X
Commutative Law of multiplication

Va be T2, ab=ba

Multiplication - Addition Law

i)
ii)

va,b,e,e R

atb+c) = ab + ac (Distributivity of multip]ica@Qer addition).

la+b)ec =ac + be

In addition 10 the above properties 7 p@ es the following properties.
Order Properties (described below! Q)

Completeness axiom which will p&plain&d in higher classes.

The above properiies chare l!(i}ﬁ R ie., only 7R possesses all these
properties. Before stating th ur‘én

Xioms we state the properties of equality of

numbers,
4. Properties of Equality
!Equnlity of numbers denoted by “=" possesses the following properties: -
1) Reflexive property VaesR,a=a _
i)  Symmetric Property VabeR,a=ph= b=a,
%ii) Transitive Property Vab,c e R.,a=ba béc = a=c¢
n_‘] dditive Pro VabceR,a=bh = a+c = h4e
"-'.l Multiplicative Property g, b, ¢ €ER,a=b=ge = be Aca = cp
vi) cellation erty w.r.t. additio :
b Vab,c E"R.a+c=b+c = a=h

Hation

- Multiplication:
Vab,c e R, ac=bc = g=p, cz0),
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8, Propertiesof Inequalities (Order properties)

b

2)

3)

Trichotomy Property V@b €

eithera=bora s bhora<b
Vabce R

iy a<bab<c=a<c

i) asbhabsc=>a>rc

Additive Property: Va bece R

b) i)a>bac>d=a+c>bed

) i)a>b=a+c>b+c
ilau<ch=a+c<b+c iilg<barc<d=a+c<bs+d

4) Multiplicative Properties:

4)
b)

c)

‘lfurf l

e 2

g

Va bece /x andc>0
) as>b=ac>h ii) a<b=>ac<bc.
Vabce T andc< 0,

i) axb=ac<bc i) = ac > bc
Y a. b.c.d € 7. and a,b,c,d are all pﬂt‘é:\
] aechac<d= ac<bd

ﬂ:-bnr:-u':’uzr:-hd. 1l

' } TPNTHENE M -#
pmpaue:slscalldaﬁaﬂ.n 1
3

i)
L RIS
Auy set posscssing all the
From the muitiplicative
If both the sides of

ies of inequality we conclude that: -
uality are mulupllcd by a +ve numhe.r

Since by defimtion inverse of —a is a, P
. -(-a)=a Wi

The left hand member of the above equation should be read as negative

‘negative g’ and not * minus minus @'. . '

a and ; are the multiplicative inverses of each other. Sulttb}’ g

1
mmufa 18 a(ie., mvmufa is a)
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Example 4: Prove that for any real numbers a, b
1) alO0=0 iab=0=a=0vh=1)

I'v stands for “or”|
Solution: 1) aO=a|l+ (1))

(Property of additive inverse)

=a(l-=1) {Defl. of subtraction)

=a.l-a.l (Distributive Law)

=u-a (Propeny of multiplicative identity)
= (4 —a) (Def. of subtraction)

=)

(Property of additive inverse)
Thus a.0=0,

(1) Given that ab=() (1)

b
Suppose a # (), then — exists Q}
a

; I | it i Q :
(1) gives: — (ab) = ~ 0 [Multlphcalwf\r/ y of equality)
a i

_—.}[I—.m k= —l-.:‘.l (Assoc. QKJ

(i [

= 1.b=0 ( of multiplicative inverse).

=b=0 rty of multiplicative identity).

Thusifab=0anda#0,1 0
Similarly it may%ggshown that
ifab=0and b 20, Yhena =0,

Henceab=0=a=0o0rb=0.

Example 5: For real numbers a,b show the following by stating the properties used.

) (-a)b=al=b)=—ab i) (—a)=b)=ab
Solution: ) (=a)b)+ ab = (-a+a) b (Distributive law)
=0b=0. (Property of additive inverse)

s (=a)b + ab=()
i.e., (~a)b and ab are additive inverse of each other,
s (=a)b = ~(ab) =-ab (@ - (ab) is written as —ab)
i) (=) (=b) —ab = (<a)(~b) + (—ab)
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Example 4: Prove that for any real numbers a, b

) al=0 Wab=0=ug=0vh=1)

|'v stands for “or"|
Solution: 1)  aO=a|l+ (=1)]

(Property of additive inverse)

=gl =1) (Def. of subtraction)

=a.l-a.l (Distributive Law)

=d-a (Property of multiplicative identity)
= (+(-a) (Def. of subtraction)

= ()

(Property of additive inverse)
Thus a.0=(0),

(11) Given that ab=0) (1)

|
Suppose a # 0, then — exists
ppe : 'Q(‘Z)
(1) gives: L) (ab) = 1 0 [Mulliplicaiivl\r/. y of equality)
a i
1 ., ] Q- |
= (—albk==.0 (Assoc. X
a a @
= 1.b=0 (
== h=0
Thus ifab=0and a # 0.t

of multiplicative inverse).
rty of multiplicative identity).

Henceab=0=a=0o0rb=0.

Example 5: For real numbers a,b show the following by stating the properties used.

) (~a)b=a(-b)=—ab i) (=a)(=b)=ab
Solution: i) (-a)b)+ab=(-a+a)b (Distributive law)
' =0.b=0. (Propetty of additive inverse)

5 (=) + ab=0)
i.e.. (-a)b and ab are additive inverse of ench other.
& (=a)b = —(ab) =-ab (O ~ (ab) is written as —ab)
i) (=a) (=b) —ab = (—a)(=b) + (—ab)

www.educatedzone.com
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-A Texthook of Aleebra and Trigonomeiry. |

= (—a)(-b) + (=a) (D) (By (i)
(Distributive law)

(Property of additive inverse)

= (—a)(=b + b)
= (-a) .0=0.
 (=a)(-b)=ab
Example 6: Prove that

)2 =L o ad=bc (Principle for equality of fractions)

AR |

a b ab
.y @ € dC ;

. Rule for product of fractions). -
N b bt
iv) E—g— (k= () (Golden rule of I'ructicn%}

\

=
ad : . ,
V) -ff- = — (Rule for qum% ractions ).
o
d O

The symbol m&fw iff i.e., if and only if.

Solution: m\}Q

i) E-— —(bd}-
a.l ﬂ-'
= (bd) 4 (bd)
.. 1
(=.b).d=c (=~
ﬂ(b ). d '5-(# . bd)

=C{bd,l)
d

www.educatedzone.com A
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a ¢
= —= —,
b d
" 11 | 1
b), ——=(a.=).(b.-)=1.1=1
i) (ah) = (ﬂa}( b)
Thus ab and l% are the multiplicative inverse of each other. But
a
multiplicative inverse of ab is Lb
a
g Sl
T ab a'b
g Be o |
m) b-d—ta.b}.{r.d}
= (ac) lé .::r—l (Using commutative and aaﬂﬂci‘;&@gws of multiplication)
e O
] S
a r ac
“5d "I x
1) E=E.]=£.E=.n_k_ (;b
b b b k ak \)
e, O
b bk Q/
a i |
—  —(bd d(— b
v) j—=b( j=a{ ]= d
C C 1 .. bc'
= ~{bd b~
d ﬁ'{ ) ¢ (dd}

Example 7 : Does the set {1, -1} possess closure property with respect to

i) addition i1) multiplication?
Solution: i) 1+1 =2, 1+ (=1)=0==1 4]
-1+ l—l) = -2

» &ll the sums do not belong 1o
not
possess closure Property w.r.t. addition. g
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Which of the following sets have closure property w.r.t. addition and

multiplication?

1) (0} i) (1) iii) {0,-1) iv) {(l.-1)

Name the properties used in the following equations.

(Letters, where used, represent real numbers). i
3 3

i) 449=9+4 i) {a+1jl+z=ﬂ+lli+z}

i) (VB+/5)lvT=VB+W5447) W) 1 100

v) 1000x] = 1000 vi) (-4.1)=0

vii) a-a=0 {&}/vaJ_nng«ﬁ

ix) a(b-c)=ab-ac G’ (x=ylz=xz-y2

Xi) 4x(5x8)=(dx5)x8§ \@) xil) a(b+c—d) = ab + ac - ad.

Name the properties used in :&;@nm ing inequalities:
i -S<4 =20>16

i) -3<c-2=0<«I
i) 15>=1 =-3 ﬁb?} V) a<l =-a>0
v) a>bh =l%/ Vi) a=bh =~ <=b
i
4. Prove the following rules of addition: - N
a b a+bh » a ¢ ad + bc
) S e ) =—+4—=
cC c b d bhd
5 -21-10 1

5. Prove lhﬂl—l - —=

i

12 I8 36
v Simplify by justifying each step: -
| " | a ¢
i i) L3 ) L d
4 L. a_¢
45 b d

www.educatedzone.com
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1.4 Complex Numbe _
The hisplm'}' of mathematics shows that man has been developing and enlarging

his concept of number according to the saying that “Necessity is the mother of
invention”. In the remote past they stared with the set of counting numbers apgd
invented, by stages, the negative numbers, raliunal‘ numbers irrational numbers.
Since square of a positive as well as negative number is a positive number, the square
root of @ negative number does not exist in the realm of real numbers. Therefore,
square roots of negative numbers were given no attention for centuries together.

However, recently, properties of numbers involving square roots of negalive numbers
have also been discussed in detail and such numbers have been found useful and haye
been applied in many branches of pure and applied mathematics. The numbers of the

form x+iv,where x.y€ R and i=vV—1, are “""“"‘l&h‘ numbers, here x is
called real part and y is called imaginary part of plex number. For example,

3+4i2 —-3 i etc. are complex numbers 6

" Note: Every real s i w@n‘ﬁmbcr with 0 as its imaginary part.’ *

Let us start with mnsid@)e equation.

x +1=0 (1)
= x'=-]
= x=iJ?l

v=1 does not belong to the set of real numbers. We, therefore, for convenience
call it imaginary number and denote it by i (read as iota).

The product of a real number and i is also an imaginary number. Thus

o - | ¥ . :
2i, - 3i, 451, -Efare all imaginary numbers. { which may be written 1.i is alsoan

imaginary number,
Powersof i :

i ==1 (by definition)

] 23 . . .
] =IIJ=—I_| |

it =1': Xi* = {Wmteﬁmne.mm
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-A Textbook of Algebra and Trigonometry

1.4.1 Operations on Complex Numbers

1)
2
3)
4

6

Thus any power of i must be equal to |, i,~1 or —i. For instance,
I3={i:}ij={_l)ﬁ-i=f
it =% =(-1)'=-1 e

With a view (o develop algebra of complex numbers, we state a few

The symbols a.b.c,d.k, where used, represent real numbers.

atbi=c+di=2a=cab=d.

Addition: (a+bi)=(c=di)=(a+c)+(b+d)i

kia+ b1 =ka+kbi

(a+bi) - (c+di) = (@+bi) +[-(c+ di)] (2)
=a+bi+(-c=d i)

=(a~-c)+ib-d)i /\/
la+bi)ic+ n‘f}:m'+mh'+#r'."+b;.f: b )+ (ad +bc)!.

Conjugate Complex Numbe @np."n mumbers of the form (a+bi) an
(@ - bi) which have the '-.mr. irts and whose imaginary parts differ in sigr

only. are called conjugat 'Lh other. Thus 5+ 4  and 5-4i, =2 +3i and

~2-3i,—/5 1 anc u@ three paurs of conjugate numbers.

Note: A real number is self-conjugate.

1.4.2 Complex Numbers as Ordered Pairs of Real Numbers

We can define complex numbers also by using ordered pairs.
Let C be the set of ordered pairs belonging to ». x 7% which are subject to the
following properues: -

i) (a.b)=ilcd) =a=cnrb=

i) (a.b)+(c.d)=(a+c.b+d)
ii) Ifk is any real number, then A (a,b)=(ka,kb)
iv) (a.b) (¢c.d) = (ac-bd, ad +bc)
Then C is called the set of complex numbers. It is easy to see that
(a.b)-(c.d) = (a=c.b-d)
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Properties (1), (2) and (4) respectively define equality, sum and product of two
complex numbers. Property (3) defines the product of a real number and a complex
number.

Example 1: Find the sum, difference and product of the complex numbers (8.9) and
(5.-6)

Solution: Sum = (8+45.9-6) = (13.3)

Difference =(8=5,9-(-6) =(3.15)

Product = (B.5 - (9) (~6),.9.5 + (-6} 8)
= (40 + 54,45 - 48)
= (94, -3)

1.4.3 Properties of the Fundamental Operations on Complex Numbers

It can be easily verified that the set C satisfies all the field axioms ie.,

possesses the properties 1(i to v). 2 (vi 1o x) and 3(xi) of Arl. @
By way of explanation of some points we observe us@bws: -

i) The additive identity in C is (0. 0). Q
i) Every complex number (a, &) has the : é\h}nwemc (-a -b)ie.,

(@ b) + i=a, -b)=(00). ‘6
iii)  The multiplicative identity is (1. :

(a.br (1.0 =ta.l=b0, bl E_:L@: (a, D).

=(1,0) (a. )
iv) Every non-zero mnb\}umhﬂ (i.¢.. number not equal to (0,0)) has a

mulnphcative wv

it

: 1 —b
The multiplicative inverse of (a. £) 18 -—,—c—, e
Lat b oat+b
i —b ) i 3
(a. b) | ——.——= | =(1.0), the identity element
a +b a +F
o -b
= = ~ . - - L ] (aib}
la +b” a +b

V) (a. b |ic. d) + (e, H] = (a, b)c, d) + (a, b)e, )
Note: The set C of complex numbers does not satisfy the order
. mmhmyﬁgﬂﬂmmm&gﬁﬂ;qﬁ*m_
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Sets, Functions and

Groups v

2.1 Introduction

We are familiar with the notion of a set since the word is frequently used in
everyday speech, for instance, water set. tea set. sofa set. It is a wonder that
mathematicians have developed this ordinary word into a mathematical concept as

much as it has become a languzge which is employed in most branches of modern
mathematics.

For the purposes of mathematics, a ser is generully d:: @d as a well-defined

collection of distinet objects. By a well-defined cul) n'is meant a collection,
which is such that, given any object. we may beifle w/decide whether the object

belongs to the collection or not. By distine: nh,it.*@ mean objects no two of which
are identical (same). @
The objects in a set are called its m or elements. Capital letters A, B, [ 54

X. Y Zew., are generally used as ng (:} sets and small letters a, b, ¢, x, Y. Z elc.,
are used as members of sats, 6

There are three differ Yol describing a set,

i The Descriptive Method: A set may be desc
the set of all vowels of the English alphabets.

i) The Tabular Method: A Sel may be described by listing

inr its
clements within brackets. If A is the Sl mentioned above, then we may
wrile:

ribed in words. For instance,

iii) Set-builder method:
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A= {vlxisa vowel of the English ulphilhcl}

This is read as A is the sel of all x such that x is a vowel of the

alphabet.

The symbol used for membership of a set 1s €. Thus a& A means

element of A ora belongs to A, ¢ ¢ A means ¢ does not belong fo A orc Is

member of A. Elcments of a set can be anything: people, couniries, fnvers,
our thought. In algebra we usually deal with sets of numbers. Such sets, al

their names are given below: -

= The set of all natural numbers = [1.2..1....]

The set of all integers = [H, +,42,.}.
|
" = The set of all negative integers =1,-2, @}
4 }

(0 = The set of all odd integers
E = The set of all even integers E)'l\')

' @ = The set of all rational I'ILIII‘Iht‘ vlx= \»hr. rep, g Z andg#l

Q" = The set of all malumut(ﬁa = {: ve L, wherep.ge Zandg 20
i
— #

W = Thesetof a oIS =QuQ
Equal Sets: Two éﬂdnd B are equal i.e.. A=#. if and only 1f they have the sa

elements that is. if and only if every element of each set is an element of the other

N

W = The set of all whole numbers = {0.1.2....]
Z

Z

L

Thus the sets { 1,2, 3 } and { 2, 1, 3} are equal. From the definition of
of sats it follows that @ mere change in the order of the elements of a set does not
the set. In other words, while describing a set in the tabular form its elements
written in any order,

Note: (1) A = B if and only if they have the same elements means if A = B
. thesame elements and if A and B have the same elements then A=B.
" .. (2) The phrase if and only if is shortly written as “iff". .
Equivalent Sets: If the elements of two sets A4 and B can be paired in such a
each element of A is paired with one and only one element of B and vice v
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such a pairing is called a one-to-one correspondence between A and B e.g., if
A = (Billal, Ahsan, Jehanzeb) and B = (Fatima, Ummara, Samina)
then six-different (1 - 1) correspondences can be established between A and B.
Two of these comrespondences are shown below: -
i). {Billal, Ahsan, Jehanzeb)

{Fatima, Ummara, Samina)
il).  {Billal, Ahsan, - Jehanzeb)

{ Fanma. Samina, Ummara)
(Write down the remaining 4 correspondences yourselves)

Two sets are said to be equivalent if a (] — | ) correspondence can be established
between them. In the above example A and 8 are equivalent Q)
Example 1: Consider the sets N= (1,2, 3, ... } and ui.'-'le~~ 4 WER

We may establish (1-1) correspondence m:n@ in the following manner:
{1,2.3,4.5,...)

Thus the sets N and O are equi - But notice that they are not equal.

Remember that iwo equyl s ¢ necessarily equivalent, but the converse may
nol be true e two equivalefitsetSre not necessanly equal.

Sometimes, the symbol ~ is used to mean is equivalent to. Thus ¥ ~ 0.

Order of a Set: There is no restriction on the number of members of a sel. A set may
have 0, 1, 2, 3 or any number of elements. Sets with zero or one element deserve
special attention. According to the everyday use of the word set or collection it must
have at least two elements. But in mathematics it i1s found convenient and useful to
consider sets which have only one element or no element at all.

A set having only one element is called a singleton set and a set with no
elements (zero number of elements) is called the empty set or null set. The empty
s€tis denoted by the symbol 3 or { }. The set of odd integers between 2 and 4 is a

singleton i.e., the set {3} and the set of even integers between the same num
the empty set.
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The solution set of the equation x* +1=0, in the set of real numberg
empty set. Clearly the set {0} is a singleton set having zero as its only
not the empty set.

Finite and Infinite sets: |f a set is equivalent to the set {1, 2, 3, ...,
fixed natural number n. then the set is said to be finite otherwise infinite,

Sets of number N, Z, Z’etc.. mentioned earlier are infinite sets.

The set 1. 3.5. ..... 9999} is a finite set but the set { 1, 3, 5, .
set of all positive odd natural numbers is an infinite set.

Subset: If every element of a set A is an element of set B.thenAisag
Symbolically this is written as: A =B (A is subset of B)

In such a case we say B is a super set of A. @Jhﬂlrcdlly e .
B 2A(Bisa \upcr\ﬂ

Note: The above definition may mquw as follows:

-
¥ a

ACB iff xeA=

Proper Subset: [f A is a subset o th‘ B contains at lcast one clement which §

an element of A, then A is sai a proper subset of B.  In such a case we v
A C B (A is a proper subsef ¢

Improper Subset: If A : setof B and A = B, then we say that A is an imp

subset of B. From 1 iion it also follows that every set A is an improper §

of itself.
Example 2: Leat {a. b, c ). B={cab)and C={a b.c.d). then cle
AcC, BcCbuA=B and B=A. |

Notice that each of A and B is an improper subset of the other because A

Note: When we do not want to distinguish between proper and i

we may use the symbol < lor the relationship.
Itiseasy toseethatt NcZc Qc R,

Theorem 1.1: The empty set is a subset of every set.

We can convince ourselves about the fact by rewording the definition
as follows: -

A is subset of B if it contains no element which is not an element of
Obviously an empty set does not contain such element, which is not
another set.
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Power Set: A set may contain elements, which are sets themselves. For example if:
¢ = Set of classes of a certain school, then elements of C are Scts themse!ves because
each class is a set of students. An important set of sets is the power set of a given sel.

The power sei of a set § denoted by P (S) is the set containing all the possible

subsets of 5.
Example 3: If A = (a, b}. then P (A)= (@, {a). (b}, {a.b})

Recall that the empty set is a subset of every set and every sel is its own subset.
Example4: If 2= {1, 2.3}, then

pigy=(@. {1} {2}. (3} {1.2}). (1.3). (2.3}, (1,2.3})

m—

Example 5: If C= a b, . d}. then

pC=(@. {al. (k). (¢}, (d}.{a, b}, {a,c}. {ud}b@a {(b.d}. {c.d},
(a.b.c}. labd}, {a.cd). (bed) {a.b.c%

Example 6: Ii 0= {a}, then P(Di = (D {a}] 6

Example 7: If E={ | then P(F)={@®] @

Note (1) The power set of the cmpty wcjarm;n}. ¢

(2) Letan [ S) denoted the nurﬂ\rl ements of a set 8, then n[AS) | denotes
(@ ¢ power sel ol £, From exampics ER
i

the number of eleme
. wegel mc_i_n_}._hl\@ ﬁ'i'—"i'ﬂ.‘f__..._r,___ ———
! | 2 ! 3 ' 4 3 E

n{S) () |
L e
nlPS) | 1=2" | 2=2 4=2° | 8=2" | 16=2" |} 32=2" |
| ll;gcucml if n (§)=m, then, n P(SH=2" ' R ml%

the sets with which

Iniversal Set: When we are studying any branch of mathematics
ve have to deal, are generally subsets of a bigger set. Such a set is called the
Iniversal set or the Universe of Discourse. At the elementary level when we are
tudying arithmetic, we have to deal with whole numbers only. At that stage the set
f whole numbers can be treated as Universal Set. At a later stage, when we have 10
leal with negative numbers also &nd fractions, the set of the rafional numbers can be

reated as the Universal Set. -
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Mustrating certain concepts of the Set Theory, wgmnuinu! Onsidy
wltu.?:u hn:!ng small number of elements) to be universal. This is op

academic artificiality.

W&n su:lhuit:r ne |
i) {1,2 3. ...., 1000} iy (0,1,2...., 100} 1
i) (0.+1,+£2,.....+1000) v) {0,-1,-2, ....,-500) ‘
v) (100, 101, 102, ..... 400) vi) {-100, =101, =102....., <500} .
vii)  {Peshawar, Lahore, Karachi, Quetta) i
viit)  {January, June, July} ix) The set of all odd naturzl numbey
x)  The set of all rational numbers @ !
x1)  The set of all real numbers between Y and 2 1

xii)  The sct of all intcgers h:tw:mﬁ\/ and 000

2. Wnite each of the t'ullnwi@:lhc descriptive and tabular forms: -
1) (xive N Ax El[]kb

i) [xlve Z A-5<<]) vl {xlxe EA2<x<4)
V) {.tl.ttz'@] vi) {xlxe OA3<x <12}

i) {xlxe N ad<x<|2)

vii) {vlxeEL 45 x<10) viii) {xlxe End<x<6) !
ix) ({(xlxe OAS55xsT) X) {xlxe OAS52x<7)

xi) (xlxe Nax+4=0) xil) (xlxeQax’=2)

xiii) {x|xe TR Ax=1x) Xiv) {xlxe QA x=—x)}

xv) {xlxe 7 Ax#*x) xvi) {xlxe R A xX& Q}

3. Which of the following sets are finite and which of these are infinite?
i) The set of students of your class.
i)  The set of all schools in Pakistan.
iii)  The setof natural numbers between 3 and 10,
iv)  The set of rational numbers between 3 and 10.

b www.educatedzone.com .
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Chapter. 2: Sets, Functions and Groups -

The set of real numbers between 0 and 1. ¢

v)

vi)  The set of rationales between () and 1

vii)  The set of whole numbers between 0 and |

viii)  The set of all leaves of trees in Pakistan.

ix) PV x) P{abc)

xi) {1.234....) xii) {1.23......100000000)
xiii) {xlxe TR ax#x) xiv) {xlxe 7 Ax’ =-16}

xv) {xlxeQ@ax’=35) xvi) [xlxeQ A0<x£1)

Write two proper subsets of each of the following s::tF Q}

i) {a b c) i) {0,1} i) N
v) © vi)© K vii) W i) (xIxeQPal<xs2)

I's there any sct which has no proper sub § Gﬁn name that set.
What is the difference between {a, J%Ns %u.h}]?

Which of the following auntenc;qy rue and which of them are fals<”

) (1.2) = (2.1} i clia)} i) (a)c {l@))
1v) IaJC{{HI} Q\/ uE{[u‘}} vi) ®¢ {{n}}

What is the number of elements of the power set of each of the following sets?

no{ ) i) {0,1) i) {1,23,4,5.6,7)

(01234567 v fa et} v {abribe). (del}

iv)
Write down the power set of each of the following sets: -

) (9,11) i) [ +-x4) i) (@) ) fa @}

www_.educatedzone.com bt )
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§, = The set of odd natural numbers and §, = The set of even natural numbers,
then §, and S, are disjoint sets.
The set of arts students and the set of science students of a college are disjoint

sels.
Overlapping sets: If the intersection of two sets is non-empty but neither is a subset
of the other. the sets are called overlapping sets, e.g., if

L={23456}and M= {5,6,7,8,9,10}, then L and M are two overlapping sels.

Complement of a set: The complement of a set A, denoted by A” or A" relative to the

universal set U is the set of all elements of /, which do not belong to A.
Symbolically: A" = {vlxelU A xe A} o

For example, if U=N, then E'=0 and O'=E Qb

Example 1: If U = set of alphabets of English I:mg% = set of consonants,

W = set of vowels, then C’'= Wand W':é

Difference of two Sets: The Difference ¢ @lwu sets A and B denoted by A-B
consists of all the elements which belon @ ut do not belong to B.
and A denoted by B-A consists of all the

belong 1o A.
B} and B-A={xlxe Baxgé A}

The Difference set of two s

elements. which belong to B hut
Symbolically, A - B = {xl I@,

Example 2: IfA={12343}, B = {4,5,6,7,8,9,10}, then
A-B={123}and B-A= {678,910}

Venn diagrams are very useful in depicting visually the basic concepts of sets
and relationships between sets. They were first used by an English logician and
mathematician John Venn (1834 to 1883 A.D). :

In a Venn diagram, a rectangular region represents the universal set and regi

bounded by simple closed curves represent other sets, which are subsets
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represents A’ or U-A.
Below are given some more diagrams ¥

illustrating basic operations on (wo sets in different cases (lined region

result of the relevant operation in each case given below).

AUB

ANE

A-B

B-A

14

The above diagram suggests the following results: -
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“Fig between Result Suggest ed

Ne. Aand B

L A and B disjoint sets | AL B consists of all the elements of A and all the
ANnB=9 elements of B. Alson(AwB)=n(A) +n (B)

2. AandBare AU B contains elements which are
overlapping 1)in A and notin B ii) in B and not in A
AnBzo® i) in both A and B. Also

nAuB)=n(A)+n(B)- (ANB)

3. AcCBHB AUE = B; nfAUB)= n(B)

4. BgC A, AUR = A; nmuﬂ)@jﬂj

5. ANB=9® ANnB=0; n{m(?q

6. AnBz@ Anﬂcmlnins% nts which are in A and B

7.  AC B AHB=A\@}AHB}=H (A)

8. Bc4A Amﬂ-ﬁb n (AN B)=n (B)

9. A and B are disjoint —@g{ n(A-B)=n(A)
= 4%

10. AandBare A-B)=n(A) -n (AN B)
overlapping

1. AcB A-B=0; n(A-B)=0.

12 BcCcA A-B#®; n(A-B)=n(A)-n(B)

13. A and B disjoint B-A=8, nB-A)=n(B)

1. AandBare n(B-A)=n(B)-n(An B)
overlapping

15. AcCBH " B-Az®;n(B-A)=n(B)-n(A)

16. BcA B-A=®;n(B-A)=0

i
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the cmpty set contains no elements. therefore, no
!l'wﬁ-

' 14
Ph (2) If in the diagraums given on preceding page we f"pl ace 3 by the e
ﬁ ~ (by imagining the region represenling B to vanish,.
? Aud = A (From Fig. | or 4)
s

Ang = (From Fig § or §)
o

A - = A (From Fig. 9 or 12)
Fae ®-A =0 (From Fig. 13 or 16 :
2 Also by replacing B by A (hy imagining the regions represented by A

lo comncide). we obtain the following resuls:

AUuAd=24 (From fig. 3or 4)

ArA £ A 'Frumﬁ[:.'-’{@

A-A =0 lFrnmﬁbQ

Again by replacing B by 1. /xﬁin the results; -

Aul' =U :meﬁ@ AnU=A (From fig.

A-U =@ (FromfAgH), U -4=24 (From fig. 1
= (3) Venn diagrams mt:%l only in case of abstract sets whose elementy
& rot specified. ltysabt desirable to use them for concrete sets (Al

o this 15 erro wdone even in some foreign books).

; G A
"n-‘.:f, D=l alj Exer i 2.2 2 — 3
l.  ExhibitAuBand A~ B by Venn diagrams in the following cases: -

i) AcB i) BgA i) AUA
V) Aand B are disjoint sets, V) A and B are overlapping sets
2,

Show A-8 and B-A by Venn diagrams when: -
i) Aand B are overlapping sets i) AcB i) B CA
3. Under what conditions on
) AUB=4 i)

) AnB=R

A and B are the following statements true?

AUB=R i) A-B=A
V) ﬂMuB}:nMJ-ﬁ-ulB} Vi) n
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vii) A-B=A viiil) n (AN B)=0 ix) AuB=U ., -«
x] AUB=BUA xi) n(AnB)Y=n(B). i) U-A=@
LetU= (12345678010},  A=[2468.10), B={12345)

n.nd C:{ l|3|5|‘?ngi

" List the members of each of the following sets: -

24

performed on them in the follo

) AUB = (1.2.345),

) o AF ) B i) AuUB iv) A-B
vi AnC vi) A uC vil) AW, viil) U7

I:Ising the Venn diagrams, if necessary. find the smgle sets equal 20 the
following: -

i) A WANU inAuU n-mu&) O AP
Use Venn diagrams 1o verify the following: - (\

i) A-B=1np i) H-E(@B

Operations on Three Sets

If A, B and C are three given sefS ( rations of union and intersection can be

ays: -

i) AUBUO <</ AUB UC i) AnBuUO)
iv) ANBNC V)

) AUBNO) vi) ANC)uBAC

1X) AvOnBUO

45,678}
nd sets (1) to (iii) for the three sets (Find the

il BuC = 2.34.56.7 8},

vil) (AUBYAC vili) (AN B) uC

LetA={1,2 3}.B={234.5) and C=(3
We i

femaining seis yourselves),
AVBLC) = {1.2.3.45.6.'?.3}

(AuB) uC = {1.2.3.4.5.6..7,3}
ANBNC) = {3}
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A U=B =HUA (Commutative property of Union)
" (Commutative property of In

i) AnB=BNA e ‘
i) AuB () = (AUH) wC (Associptive property of Union)

iv) ANBNO =AnBINC (Associative property of lnlmm
v) AUBN0) = (AuBN(AVCO) (Distributivity of Union over in
vi) AA(BUQC) = (AN BIU(A N ONDistributivity of inlersection over

vii) {Auﬂj - ,q ~B ' |
viit) (AN BY =A"UB’ De Morgan's Laws

Proofs of De Morgan's laws and distributive laws:
D AuB=ANE |
Letxe (AUBY

= x€ AUl
= xe Aand Ae¢ B Q)

= xe A'and re B Q'Q\

= xcANnBA
But x is an arbitrary member of (A /\/
Therefore, (1) means that (A w 'cﬁ’ﬂ B : (2)
Now suppose that ye A'N \
= ye A mdv.ER'
= yEA andy & (_)
Y€ AUB ‘5.6
yE {m@/
Thus An B wB) (3)
From (2) and (3) we conclude that
(AUBY = A'n B |
i) (ANB) =A"UF
It may be proved similarly or deducted from (i) by complementation |
iii) AUBNC) = AUBN(AVD)
Letxe AV (BN CO)
= x€Aorre BnC
= Ifxe AitmustbelongtoAUB and re AUC
= xe(AuB)n(AuC)
Alsoifxe BN C,thenxe Bandx e C,
= JxeAUBandxe AuC
= XEAUBNAUVD
_ ﬁmsAu(BnC‘J:MuB}n(AuC}

tttttt v ar ratadrAano o
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Conversely, suppose that
vVE (AUBIN(AU D)
There are two cases to consider: -
YEA ye A
Inthe first caseve A U (Bn Q)

Ify# A, it must belong to B as well as C

1e.veE (BN Q)

LveAU(BNO

So in either case

YEMAUBINALVO =2 ye AU BAD i wit e
thus (AVUB) N(AUC)CAU (BN O) (3

From (2) and (3) it follows that
AVIBR O =AUB AU
iv) An(BUO) = ANBUMANCQO)

It may be proved similarly or deducted from (iii) by @nmuﬁnu
Verification of the properties:

Example1: let A ={123},B= [2345} %(-.4.5,6.7.3]
i) AuB={123)u ({234,5) 2 45)uv (1,23}

= {1,2,34,5} = (2345.1)

..Aui-ﬂfg.,
i) ANB={123)n {2345} (J BNnA={2345) N {123}
= {2,3}) ={23)

(i) and (iv) Verify you

(v) AuU(BNO) [l23}u {114.5} n{3.4,56,7.8)

= (1,23)u (34.5)

= (1,2,34,5) (1
AUBINAUO =((1,23)U{2345})n({1,2.3)u(3.45678))

= {1,2345) n{1,214,5678)

= u 33 45} )

From (1) and (2), W‘ |

Vi) Verify yourselves.
Vii) Let the universal set be U= {1,2,3,456,7,89,10)

AUB  ={123)U{2345) = {1234.5)
(AUB)'=(6,7,8.9,10)

Www Bl iratedrans aaa
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A=A = [4.567R9.10)
B =U-B= 116,789,110}
AN B = (45678910} [1.6,789.10)
= {6.7.89.10)

From (1) and (2), (AuB) =A'NnF

viii) Verify yourselves.
Verification of the properties with the help of Venn t_liagrnm.

i) and (ii): Verification is wery
simple, therefore, do it yourselves v Zr“r IE h
iii): Infig. (1) set A is represented by 4 Lt ?x
vertically lined region and BuUC is FSHOAHREEE
represented by horizontally lined —B W e
region. The set AU (BUC) s —
represented by the region which s A
lined either in one or both ways. V Fig. (1) s

horizontally lined region and
vertically lined region. (4 B) 5

In figure(2) Aw B is represented (Z, 6
{

represented by the regi s :::_,L

lined in either one or b@/ ; 1 s

Fig. (2)
From fig (1) and (2) we can see that '
AU(BUC)=(AuB)UC : =
(iv) In fig (3) doubly lined region ]
represents. p _,( )
ANn(BNC) ‘

Fig. (3)
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Ivm) YEOrnly YORimBscrvea

?'. In all the ahove Venn diagrams only overlapping sels Ilaﬂd
N ponsidered.  Verification in other cases can also be effected

B Detail of verification may be written by yn&jhth

Exerotﬁ@g\ .
Venly the commnulalive pm;mlu‘@l won and imtersection tor the folloy

I
|

panis of sets
i A={1L2345). 8= [% )} n N.Z
) A={xln € § ;6 B=jr,,

2. Venly the props lu@l the sets A K and C given below: -
nion i) Associanvity of inlr:rmn:u.:lil\,'ttl.J

i) AssoUianvig o
) Distnbutivity™ol Union over inlersection.
vl Distnbutivity of intersection over union.
) A=(1,234), B=(345678}), C=[567910)
by A=@, A = {0}, =012}
¢) MLQ
3. Venly De Morgan's Laws for the following sets:
Us(123,..,200, A=[240,..,20}and B={13.5, .....19).
4. Lel U= The set of the English ulphabet
A= xleisavowel]), B={ vIlyisaconsonant),
Verify De Morgan's Laws for these scts.
8. With the help of Venn diagrams, verify the two distributive properties
following cases w.r.t union and Intersection,

www.educatedzone.com
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i) AC B.ANnC=® and B and C are overlapping.
ii) A and B are overlapping, B and C are overlapping but A and C are disjoint.
Taking any set, say A = {1,2,3,4,5} verify the following: - '

i) Au@=A i) AUA=A iii) ANA=A
If U=(12345...,20) and A= (135, ..... 19}, verity the following: -
) AuAd'=U i) AnU=A iii) ANA'=@

From suitable properties of union and intersection deduce the following results:
) AN(AuB)=AU(ANB) i) AUANB)=AN(AUB).
Using venn diagrams, verify the following results.

i) AnB =A iff ANnB=0@ i) (A-B) uB=AUB.

i) (A-BnB=d ivi AUB=AU (A" N B),

"
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2.10 Functions

A very important special type of relation is a function defined as below: -
Let A and B be two non-empty sets such that:
i) fis arelation from A to 8 that 1s, / Isa subset of Ax B

i) Domf=A
1it) First element of no two pairs of f are equal, then f is said to be a

function from A 1o B.
The function fis also wrilten as:
frA—>8

which is read: [is a function from Ao .
If (x. v) in an element of £ when regarded as a set of ordered pairs.

we write v = f(x). v is called the value nf,fl‘hr<\@rlag: of x under f.

In example | diswsatd above

i)  risasubset of CxF; /\/O
ii) Domr= {c,.c,.c.}=C;

iii) First elements of no two 1@, pairs of r are the same
Therefore, r in a function F.

In Example 2 discussed abov

i)  risasubsetof

ii) Domr#

Therefore, the i(n in this casc is not a function.

In example 3 discussed above

i) risasubset of &

ii) Domr= R

iii) Clearly first elements of no two 0
in this case r is a function.

)] Into Function: If a function f: A—B is
such that Ran fc B ie.. Ran f# B, then fis
szid to be a function from A into B. In fig.(1)
f is clearly a function. But Ran f # B.
Therefore, fis a function from A into B.

rdered pairs of r can be equal. Therefore,

£ ={0.2.34,58}
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If a function .

function:
ij) Omto {w} I= B i.e., every e

. A —B is such that Ran
ihmt of B is the image of some elements of 4 -_'__,J.—J'"‘_. |
A th:nfisal.l-ndnnunlo function or & o f—"
surjective function. Fig)
f= {(‘] . m, }-'['r: m, ]"[Cl'm1
i
jii) (1-1) and into (Injective) function: II a ,
function f from A into B is such that second o » &
elements of no two of its ordered pairs are > g & oh

equal, then it is called an injective (1 - I, and
into) function, The function shown in fig (3)

is such a function. @ f ={tl.a).(2,b)}
.

ivi (1 = 1) and Onto function {bijectivbo‘ 2
""" -
0 r -

function). If fis a function from A wﬂ\tg
' such that second elements of no lw%
di ¥

ordered pairs are the same, lhe@ . .

Figid)

»
. i

be (1 - 1) function from A ont Fig (4)
Such a function s alsp(cal¥éd a (1-1) f = {ia, 2).(b, x).(c .”}
carrespondence betwe dB Itis Ta e

also called a bij:;(z/ tion. Fig(4) shows a (1-1) correspondence between
the sets A and 8.

(@, 2), (b, x) and (¢, y) are the pairs of corresponding elements i.e., in this case

S={(a, 2), (b, x), (c, y)) which is a bijective functi ndqq
y (8, x), (c, ) s a bij nction or (1-1) corre
between the sets A and £ e

Stft Bufl:ermtl:uution fora _fun:tinu: Fe know that sub-builder notation is ch
suitable nite sets. So is the case in respect of a function comprising mﬁ.nq

for instance, the function |
I=10.1.2.4.3,9), 4 16), . ) |

www.educatedzone.com
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f = function defined byﬂraquﬁuny=x’.xe N.

Or, 1o be still mare brief: The function x*, x € N. |
In algebra and Calculus the domain of most functions is7/%. and if evident from

the context it is, generally, omitted.
2.10.1 Linear and Quadratic Functions

The function { (x, y) | y=m x + ¢) isca]lednﬂnﬂrl'uncﬂu.bﬁcauuitsm
(geometric representation) is a straight line. Detailed study of a straight line will be
undertaken in the next class. For the present it is sufficient to know that an equation

of the form
y=mx +corax+by+c=0represents a straight line . This can be easily

verified by drawing graphs of 4 few linear equations with nwﬁml coefficients. The

ﬂ‘ - =
function { (x, V) /y=ax +bx+cliscalledaq function because it is

defined by a quadratic (second degree) equation iy, |

Example 4: Give rough sketch of the functionsb
|
i) {(xy)l Jx+y=2]} @fr._rll_v:i Y

Selution: (b

i) The equation defining the ruéu@m Jr4y=2

=3 V= - 3x+
We know that this tion. being linear, l

represents a straight line. Therefore, for drawing

its sketch or graph only two of ils points are

sufficient. A\
When x=0,y=2,

When }'=U'..r=§ = (.6 nearly. So two

points on the line are A (0, 2) and B=(06,0). ¢ OF \B .
Joining A and B and producing AB in both Fig (1)

directions, we obtain the line AB i.e., graph of the !

given function.

-
=

}
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B o

. | ;

i) muqulﬁma'ﬁmn;ﬂw[uncmnuy=irz, 1::
ding to the values 0, + 1, +2, 43 ., 1*-5'1 '
65  luesoryarc0, 52,45, .. \

We plot the points (0, 0), (+ 1. .5), (+ 2. 2). N A
(+3,4.5), ... Joining them by means of a smooth  * =~~~ =~ ° et
curve and extending it upwards we get the required !
graph. We notice that: Fig ()

1) The entire graph lies above the r-axis,

i) Two equal and opposite values of x correspond to every value of v
not vice versa),
1) As x increases (numerically) v increage d there 1s no end to
increase. Thus the graph gﬂﬂﬁ/") upwards. Such a curve
siwill le

called a parabola. The studept am more about it in the
class. 6

2.11 Inverse of a f unctioié\'

If a relation or a function '(g}v:n in the tabular form ie., as a set of ord
pairs, its inverse is ubluin:@sbtcrchanging the components of each ordered pair.
The inverse of rand f eeted » ' and f ' respectively.

If r or f are given I set-builder notation the inverse of each is obtained
interchanging x and y in the defining equation. The inverse of a function may or
nol be a function. '

The inverse of the linear function 2

((x,¥)l y=mx+c) is {(x,v)lx=my+c} which is also a linear function.
Briefly, we may say that the inverse of a line is a line, ot

The line y = x is clearly self-inverse. The function defined by this equation i
the function {(x, y) | y=x} is called the identity function.

Example 6: Find the inverse of
D ((1,1),(2.4),(3,9).(4,16),..x€ Z"), ol
) (y)ly=2x+3,xeR) i) (Il +yv=d). =
Tell which of these are functions, |
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Solution:
i) The inverse is:
((2.1).(4.2). (9. 3),(16,4) oy
This is also a function.

The function defined by the equation
y=vr, x20
is called the square root function,
The equaticn Y=x= y=1 Vx Q;

Therefore. the equation y: =xix 2 0) may,bd rfgm'dg@ning the union of
he functions defined by /\/

v=yJr.x20andv= ~Jr.x2u

i) The given function is a linear function, i&@km Is:

k.r. )| x=2y+ 3} (b

which is also a linear function ()

Points (0.3.( =1.50) h wcn line and points (3, 0}, (0, =1.5) lie on its
nverse. (Draw the graphs you gﬁ

The lines /. i "are symmetric with respect to the line y = x. This quality of
ymmetry is true not only about a linear n function and its inverse but is also true
bout any function of a higher degree and its inverse (why?) .

W - E I %’,.:
1 . e R S -

For A = {1,2,3.4), find the following relations in A, State the domain and
range of each relation. Also draw the graph of each.

) {(xy) | y=2x} i) {(xy) | y+x=5)

i) {(x,y) lx+y<5) vl {(x,y) | x+y>5)
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Textbook of Algebre and Trigonomeiry.
Repeat Q-1 when A =7&., the set of real
functions.

3, Which of the following diagrams represent

numbers. Which of the

2

functions and of whic)

Find the inverse of each of the
and its inverse is a function

) {i21), 3.2). (4.3), tﬁ-&
iii){r V)= 2{3@.&5 TR } iv) {[.1:.;.*1 | v* =dax, .12[]}

v) i.t.rlq/b =9, 1x1<3,/y1<3 }
2.12 Binary Operations

In Iuwn:r classes we have been studying different number systems
the properties of the operations performed on each system. Now we
opposite course. We now study certain operations which may be usefu
particular cases.

An operation which when performed on a single number yields
of the same or a different system is called a unary operation.

Examples of Unary operations are negation of 1 given number, ext
Square roots or cube roots of a number, squaring a number or raising it
power. =

We now consider binary operation, of m '
. : uch greater imporiance,
which requires two numbers. We Start by givi
: e, by giving a formal defini

4.

S} i {(1L3), (2.5), (3.7), (4.9). (5119
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Example 1: Ordinary addition, multiplication are operations on N. ie.. N is closed
with respect to ordinary addition and multiplication because
Vabe N.a+bhe NaabeN
(V' stands for " forall” and A stands for "and” )

Example 2:  Ordinary addition and mulij
even natural numbers. It is worth noting
of old natural numbers.

Example 3:  With obvious modification of the i@af the symbols, let E be
any even natural number and O be any odd mtuml&%. then

plication are operations on £, the set of all
that addition is not an gpgation on O, the set

E@E = E (Sum of two even numbers j n number). :6  E| O
& e
and ﬂ@ﬂ =F {b —_— e
These results can be beautif b{y}nwn n the form of a table given sbove:
This shows that the set (5. closed under (ordinary) add tion.
The table may be read zontally).
E®E =E, E+ 0= 0;
0@0 =E, O+E =0 et
Example 4:  The set (I, -1/, —i}where --—E—J L= 1.4 ¥ 1
i=v=1 is closed w.r. multiplication (but | ! | 1 | -1 = i o |
MOl w. r. ¢ addition). This can be verified | I ". = L 34 .
from the adjoining table. ! i B W SR

Example S: It can be essily verified that odinary | ® | | | @ | o

Multiplication (but not addition) is an operation on | | | @ | o

the set (1,@,00% ) where @’ =1 The adjoining table ,

may be used for the verification of this fact. =l 8 o | 1
(@ is pronounced omega) o o |1l | e,

wWww.educatedzone.com A
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