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Sef:" “ well-di’ff”eal colleckion | The symbel used for membership
obfecls iS co.“ei of Q seL is € and ﬁ means

. Linet
of dis tine member not be,‘mﬂ to o sef.

'
o Set-

+ Sets are usua“j dcnotu:- by some IMFOf'tant Scts
g bets suvch
| Engls alpha " |\l = The SEt O)L all na{'ura| numbers
a5 A)B;CJ """ J}(“/,Z _ 1,)11'5“‘_._}
The set of all whaole ~urmbers

$0,0,2,... }

s a,b,C .., %12,
letlers such a 2 . The set of all integers

-
non

- o, t1, 2,0

di l
e res ifferent 1935 | 1 e ut of ol megative nieger

i) 'Descrip’t':va Me{'hoo(:- = {-—',-z,—a,.... j
H mEthOCL OJC' cLﬁSC.rlb;f-la a Sat o-.: Th%ﬁd Set O}- G" OC,.CJ- ;ntejcrs

A( O
#OND )
L E 13,25, j

N\ O
>}\-__ The set of all even infejers

Az Set of all vowels of E”j",'i'?k@\/ . o, t2, 4 ve }
alphubets AN '
0 - Set of all Odcl.w,\g%@ ; 0 = The set of all rational numbers
i) Td-bU’a" Méf&"lﬁé; - ixla(-g 5 where PLYEZ and. "V#o}

Q{ - The et of all Irra Lional numbers

= ‘{Xlx#%, where P.“PEandawéoj'

by Ariting the elemen
cet within brackets is known

as " Tabular method. -3,

A = [Q)EJ f,ﬂ,ﬂ}
0= {£,+3,%5%7,... ]
iii) Set- bvilder Method:—

A me thod- Oj- d—escribiﬁj a st

1a ~hich the tlcmentS of a set
edd. bﬂ an ar bitrary

aciable (say %) stating common (3 for of a Sebi-

property or ProPe.r'l:feS possessei The rumber of elements PreStht
by all elements of the set 1 '~ o sel iS called. order of @ sel.

Lnowr a3 so t-builder Method-. €. 9, yumber or olements in a set A S

by - 9.
p= T is vowels of ergh‘sh | denoted by« N (A). €3
alphabets]| 3f A={ b2,3} , n(A)=3

0= '
{XIX IS an Odﬂl ﬁUl"ﬂb@f‘j | $o order ojc SEt-A - 3

R < The set of all real Rumbers

Please Vi§ $ at: www.pakcity.org
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|
Singleton Seti= A set hoving 2!

only one element iS called

sir\jlekon set. €.9.,
= Ju} , B=IxIxenNA <3S

Einite Seti= A set in which

tab init
eilementsd-are ,C?:? ;tp O: f”nl S # (1—1) corfespondence cannot be
15 salles. yin R established between a finite
A= i_lJ Z, 31“} v B = ZXIXENA‘SO((qj an d- lﬁ[‘iﬂ”ﬁ'c Stt.
Infinite Seti= A set in which |Equivalent 5et5i=Two set, 4

o lements are uncountable oF and B are said to be eq,vivalent
infinite s called infinite set. If (1=1) correspondence can be made

€9., A-= {xlxe TR. /\0<x<f} between them, Sl
b= {':113,.---} A={1J4J6} 'lgE{q’b"C} are

_x,_i.?@gf\/a lemt sets. an ol
Equual Sets:= Two sets A andB|a2 3
AN

T 1] e

1z 3y (l-l)Corresrondcnce_
between A gnd B.

- ‘-\

Q {\SA“-_:- H{bl,?:_,.... } and. 5:{1,{,’5)___ IOO_}
are Ecpua, (—€., A=0 i'f' and w{}\
they have the same elenqgmi(?’f\/
that is, i and onlj l\f(\\@}eﬁ;}
element of each sebvs an e lement
A

of the other. ste\‘“/
Maihtmaffcaﬂj&yff A=28

ff A =B and BEA e.9.,

A"{’JZJ?’} 2 E):{Z.JI‘,B}
so A =8

are not eguivalent sets.

Note:- +4f A is equivalent B
then it is written as A~ B or A=B
%+ i VO ECvun! <et: are necessar;i!j
Qe vivaienl.

« Two equuivalent set may or may
notl equal. .

SUbsef:- Any set A I3 saiol
to be subsel of a set B if every
’ glement Of [h{’ set A is alse an
N‘tC;-’ TWO SEtS A anol B arec ‘elemgnt OJL Set B Ma{hemqhta”:j;

said ko be equal 'f they h’avc t Ao iff xeA=rXER
) same oraer U/ shme Clements +3F A is subset of B, then L

One-f.'o.-One Carres,?ondcncc:- Jenoted by A c B c:noL read. as
“Ais the subset of B.

+ 5f A IS subset of B, then ng(A)Sh(B)
|+ Every set 15 subset of itself and
defin ez as: Lach Bt 5 empt cet 1s subset of every set.
carn be PaireA With omne and
only one element of B and

One -to-One'(1-1) correspomdence

between two sets A and B is

* 9f Ac R then we mMaj read it

in {wo ways:
cach element °f B can b? hy AE B -, A s subset of B
paired with one and oMy ) B A -e., B is subset °f A

one element of A. e.q9.,

Please visit$ &t www.pakcity.org
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Notein pssbe sisets o 25t | Improper subset -

can be calculated by the formula:| 3¢ A s subset of set B svch
n( 2::9.:; elements present in the sct) that A=B8 lhen A is called.
2' imFraPer subsetl oj- set B

e.9., 9} A = {';l) 3} then the re dcﬁoted_ bj AcB. €-9., g:f

will be 8 subsets °f A are n = {,);_J}Jq,s} ond B=35,3,43

LU RLDBLIGLIN] | then A=
52*3}1{'-"'43} ( 7_3__: g) |* we may say that two

ecyual sets are also -i'm)?rof?er
TjFCS af SULSCt : subse tS of each other.
There are two {‘JPQS 0; % EVC""j Sct has oMe ard on’j
sel.

one impropPer sub

Power Set:-
ble

i) ImFmFer subsel o ook £ possi
- | e C ec o © Qa

1) ProPer Subset - i A rs suh\s@% of any set A IS called

() set of A olerwol:e_el bj

subset of set B such that at pov

least one elerment of B oloer?g@é%
belomg o A, then A 1S ~dal

proper subset of Bg@}djﬁoﬁd by

Ak ¥ B
x Al the sub;ﬁ{i;;)c any set
(exccpl‘ the<set itselF) are R

proper subsels.
+ There is nNo af an emplj andl Emmpleq' 9}: B = ',1,3] then
P(B)"'— {4)1 1'}J{lj*{3} 'Il':l}: SL'J""}

subset
i) Proper subset

;s the subset of
t and every seb iS5 its

singletor set.
Examfle:- 4 A= {1,2,3f | {1,3},{5, 1,5}}
subsets of A are Example 5. F C= {a ke o] ther
SRR IR E R DR RO N M ERCIRO RO AU AL A
{1'3} ) {'-"‘:3} {a,dj,{b,cj,{b,clj,{c,dj,{qib_,cj,

Proper subsets of A are i“:b:‘i]f{“»‘:“*{"'c"’[}'{“'b""”

{ }z{’},{l},{l’}/{“z D Emm 156. 3f D={aj then
11,3} b pcmf’: {P,{a}]

Example 7, 3f E =1 7 then

# 3f A is proper subset of
E) = { 4]

a f—r'nff set B v-e., ACB
then n(A) < n(B)

Please visit > AP at: www.pakcity.org
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UniVCr'.Sal SCt,‘- “The super

set of all the cols under discussion

| Nnol 13
¢ called Ur-nve:'sal set a Ol.k_slh'fc the _-,Coﬂom‘nj se b
demoted. by U. M sel builder Motation:

+ URiversal set is alse calle

| SOM' 1019!=

Universe Of Discourse. | 1) {‘.«1; . RPN , Jooo}
Example L.(fage3)  fx/xeNAx $1000]
check that N= 2,31 and. i) { 0,1,2,...., looj

_ |  or

()= {'33..5.. }arc RO {XIZGNA)( étao}

eq/uivalent.

Solut;Oﬂ'- Here i) {O“'i-'z ELyonve 3 2 ’OOO}
T T T {"l"ﬁz/\-fooos‘-xslooo}
; I t t ' } e urnsfon- V) {oi"'J =L, ;"5_00}

| 3 & .. -den ce can
be made be tween N and O. | i%\!x €2 A-Soosxsaj’

< \\_.4-/;\.' I
% o’ &
’

0. or equal Sets oy T
So N~ But f Y J{)’) Tloo,tot‘, - - qoo}

p
7 \

hey must h elernents so(N#0.
they must have same men ig\NfQ { X[ XENAIODOBSXS ‘faaj

W74 5"; e
ExamF’e 2. (que " 37—)\}5/ vi) i Peshawar, Lahore, Karac hi, Qucttdj
et A={abcy, Q@f%aa,b}

and C= {a,b,&\\\fﬁ?\

{’th I'S Pravmc:‘al capil:al of Fal:fsfan}

vii) { - 100,~101,-102,... ,~500
wt A =B and B=A (XIXEZA-5005%E ~too]

Remember, uwhenhr(: La[o ot |viii) § January, June, July}
want to dustinguis ebweem org |

. X 13 manth o,( Selar _‘jedl"
proper and improper subsets, |1 starking with T }

mbol &
We may Vst ;""” Rjmae for ix) The set of all odd matvral
the relationship. numbers

_H; 'S easj to see that: [xl:t(./\' m‘l X IS odaf_f
Nezec Qe R

+ The 6"”[’*‘1 sek is a subset ©of
evcrj 53{',,

x) The set of all rational numbers
{x[xe Qf
x1) The cet of all real —um bers
1 and 2
o |xERAICXLL]

xii) The sebt of all intr.gers be tween
-loo and 1000

{x|x€ZA-100<n< (800§

|

VW, pakcity.org
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2. wWwrite each of the following | iy
? 7 fong| ) Laixeons exe)

: pEive am
S;.{'.:m;'l descryp Tabdlarform:_ 3_5', _'j
ormsS:—
salvt‘,on:—_ Des. far'm:-Sct o} oc:lol inthcr_g
frem 5 bto 7/
. A X &I10
h {x1xen } "‘)i’(lXEO/\S.ch?}

l"m:""' {’)Z‘J qu‘,----.}
Tabular fo 10§ == bylar formi- {5]
Dese fcm v Seb of  first ten

natvral NMumbers D¢5-J/'6Vm-"' set of ocld imtegers
| bebween 4 and 6

i) {XIxeNALL XL 1?_} 0 le —" }
X x+49 =0

Ta.bvlar farm:- 15,67, , 1] Tabolar form:—= { J = xe-UgN

Des. formi= set of natural
bers between 4 and Pes.farm:

~ Set of Na tural Nnumbers

num
sabrsfying x+b=0

2.
i) ia[er/\-‘a‘(xd’:‘i xii ) 1"()16 O_l\xl'-;.?.}

Des. form :— set O}dint;gers be{wcfg\?;i N
-5 an : "?7&/\\/ JES,

Tabular form:- { 4 i \3\%‘/\(\

Des. for'm:.-: set ois\é“&”n numbers
&Mﬂ Zand &

v) §x|xeP A% <&I2]

Tabvlar form:- {2,3,5,7,1]

Des. formi— set °f Prime mumbers
less tharmn 12

) {xlne@n x=-%}
Ta.bular farm o {0} W =— K

- 1X=0 = A=0 < LPO

DESCFfPHYC form:— Set of ratienal
num bers SaHSf-jiﬂj equa Hor
A= —-L

%) dx|xelA xz#2%
Tabular formi— K- 12]
vii) fx | xe EA G4 & x «10] Des. formi— set of real mos.except 2
Tabularform:- i‘«l‘, 8, 8_,}0} A1) ‘[ '.(]-x_e’IR A X g’ Q}
DES.fo}’M:- Set of even numbers Tabularform;_. Q"

frovn 4 tv 1o
: 1— Set
Vi) i X|xeEA U< x 46_} Des }nrm ‘Se of all rea|l mnumbers
which are Mot rational,

Tabularfarm;_ { }

Desi form = Set °f even

nurmbers be tween 4
and §

Vi) { x| xe0A 3L X&)
Tabvlar form:= {57, 9,1}

DCS. form:.- Stt OJt oald iﬁteaers
between 3 and IZ.

Please Visit & WWW.paKcity.org
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which of the following sets .
Q . {- ] J Q Write two praPer subsets

are {-.‘rm"ce and. which of .
these are M fimite? °} each of the following

Sd’ufion'- Se,ts:"
i) The S'et of students of Yaur class | " {q’ b, C}
Finite Solutior:—
i) The set of all schools in Pakistan {a} . {b}
Finite i) $0,1]
ii) The set of natural numbers Soluflon -
e to], 113
V) The set of rational Humbers 5'”) tr\ln;_
between 3 and |0 oh\,j :d{'. . % }
Iﬂfl'ﬁitf- ri'} }{Jl})
v) The set of real umbers between N ’
0 and !0 " W) i
' CYKY. n:-
Infmltf- o “ﬁﬁ\ﬁ.\\o 60,{?30 ] +2 j
vi) The set of rationals betwc.ernﬁb/andi = 19, =0, =%
. X ;:’Llﬂ { , j gz ]
Infm:te. ﬂ/f&;,\/ . ’
V-li) ThE SEt OJC WHOL:; gﬁ\ig\;berj bef_we‘gn v) //‘{
0 and | §¢\§? Solvtion:-
Fiﬁltﬁ\g/\j\/w 70 . Set of real Nos.
vii ) The set of all leaves of Erees in EPREN
Pakistan vi) Q
| Infinite . Solytion:—
ix) P (_N) Inf-in:fe Q."-" se b o{_ o bieral MoS.
x) P sla:bfc} Fin:'f'(. {l 1.3 2]
xiy 10,354, Infinite Vi) W
. . Solufior’
wli) 151,3.,......,!00000000} Fm:te e seb of ' Fole o bers
xii) { XX €TRA X 2X | Finite 111, 127

X1V) EXIXER/\KL-':-M} Fl'ﬂ;t‘ vii) {-x}-xe Q/\QC ')(Q'Z}
AV) ixlx(_’—, Q/\?(L= 5} Finif‘t Sa!uh’on:—-

wi) § ol xe Qros xsl} Infinite 3, 123
QS' IS there Clr-'lj SEt W hirch
has Mo pioper subset ¢ 9f so
~ame the set.

Please visit for i w.pakcity.org
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SOlU{"'On:- Tes, P s set which |

has o Pr'aper SUbSet-

Q6.

betweer 3a,bj an d

Solytior:-
f_a: b} is a set qith two e
and {{a,b}] is a set w%h_me

element {Q,bj,

V&thh of the foHOWiha
Q v Ssentences are Lrue ar— o

Jhich of them art false?
Solution:—

wWhat is the difference

1{a.bi ]2

lements

Reason

(Because order of

not matter.)

O.anolbl

elements in sets doed

www.pakcity.org

|
v) 1A, %b,c'jj

| Power seb of {a,ibc3] has
elements = 9= 4

rvi) ‘l{a, b}, b ga,ejj
Power set of {{a, Lj,{}x,c}’{cf,ej}

has element = ,3_ g

QQ Wrte down the power set
| . 0[— each o)l: the followl""'j

: se.f:s:—

i) {9 1]
\

Salvtion:i— § 9 1§
oo sct i3 14, 193,103, {913

i) +.m%, ]
Solobiomi= §+,-) %% ]
C\})"/

i) ¢ e ] Troe Gmmama bower st 5
RNV REATI AL ALY
i) {21 « 1al] False Semmsanaement V1" " % L
}F@ﬁét) §_+,X};{+a7};{‘zx};{";7}, {X,T]
ﬂl ()02 . . "
0 {ale {fal] Trvebimmiin | 14 b sL it l i
5\:‘\\/?, ~ {{a}}.) N E"','Jx,'f'}}
o o € U] ralse Sameitivi i) 1o
’Q/\\/ {{a}}.) ! ) ) { 49 }
i ¢ € {1a}] False (Becauseasetean Safgior, 511
bofthentherset.) Porver set is {CP"E
what is the rumber of _
Q8 elements of the Power sel W) i":ibx“}}
of each of the f—ollowiﬁj sets’ Selytion:— {a,’ihcf} -
Powver Set 15 i¢)) 30},16‘,12],{0,{‘:,4}

ts=2 =1
] has element(s

i) 30,13

Power set of {°:‘} has elemen

iii ) { 1,2,3,4,5, 6;7}

tS-.:f =£f

10 which pairs ¢f S
: Eq/uWaler‘lt ¢ Whtc
are alse cavua'?

l l) Iq, EJC} ) {l) 2_,3}

ets are
= o)C {hem

Equivalent
) The set of the first 10 whole

umbers, 10;';)-: 3,00 19}
Power setofilh2,3,4 5,67} has element qu val
) = 1.8 i) Set of ar'\g!es oJC a quadrilateral
) §0,1,2,3,4,561] ABCD,
Power set of 10,2,3,4,567F has et of sidles of the same

2_5= 256

elements

Please visit fol

yvadr lateral Ecvulyalenl"

¥ WWW.pakcity.org
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) Set of the sides ¢f a
exager? ARCDEF,
set °f ar gles of the samme
hexagor)
Equivalehf

V) §.| ,1,3)14‘,..--} / {}qué)sa'"-}
Ea,uivalent
Ji) 15,1015, - 55555 ]

AUB = 1 LY,

Intcrsccfran o; o Sebs:-

Tnterseckion of tWe sets A and B,
deroted by AMB i3 the set °f
all elements, shich beling e A

and B . Sjm be lica "j,
AnG = 1t[eAn . &B ]

Example:- 9¢ A= {123] and
nef 3,3,4,5] then ANB={%3]

DTJJ'ofnt Sets:
of two cebs A an
set then sets A ano B art
disjoint sets.

Example:~ ONE = &d where O
s set of odd integers and E

==
e

g 9)( iNnterseckion

d B s emel’j
called

Ploass visit for nR

IExarnfle

www.pakcity.org

s <et 0} evein iﬁbegcl"s.

Overlapping sets— s the
i~tersecbHaom of bwo sets A
ond B 1s mon- emF!:j set but
ineither‘ 's subset of the other,
the sets are called overlapping
sets.
E-x,amfle:- et A= 10
g = iz,q.,s,sjj ANB= 3 3,‘{3

= overlaping set
Cornflemcnf Of a Sef:-
35 U is universal set them U/p or
A is called u:rnPIEmcnt of A,

1,3, q]

Y-

deroted A" or A. Thus A=U-A

é@bolicallg A“= {r[XEUAX #A]
Y = NN {hen

{. 3 y= set of alphabets
of Enj“sh lnnjuajc.

c = set °f cansonants, w= set of vowels

| Lhery ©T= W and W'=c¢C

Difference of two sets:—
The difference A-B or A/B of twe
sets A anol B is the set of e lements
which belong to A but not Belon_q;nj
te B.

Sjmbuh'Ca "j)

A-B= {xlxéA/\'ﬁﬂ’B}

-EX.OMf’l l. ﬁ)f A': {';1;3,1'1‘,6]
lqr\ﬂL 8 s '{4,5,6,7, 8,9‘,103 {"Kn

A-bB= 3L 2,3} and B-A=36,1,8,910]

Notice U‘laf A-B # R—A

% &¥Kw.pakcity.org
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Venn Dfagl’a';’im ENN® The ‘When A and B are
g

| Mathematician OVCF’QFPFHJ (ANB # 4’)

\Venn Diagram, rectangular

<+ 9n |
r egion represents yniversal set U
" 1 circolar region represent given
¢e ks Resulls :-
Venn Diagrams of Jwven sets N(AUB) = n(A)+n(8)- n( ANR)
d are n (ANB) & N (A)
W!‘le:ﬂ /: an bAn5=¢) (AnB) <n(B) _
' (Agf=n(a)-ntB) -
Results:- : A b
A (AB)= N (A)+ (B) |
n (ANB) = 0O
N (p-B)=n(A) - "'r
N (8-A)=n(B) 5\\\ ..,i '

P it
n(B)< n(A UB) g‘*hv

x'i\/ I
n(A) & n(AUB) e ‘ 7 @ AnB

When A s subset of B
(A< B)

- fl

CXI
' AcB -

| n{AUB) #N(B)
Nn({ANB)= N(A)
— l n(A) $<n(B)

Nn(A -B) =0
@ 8-~ A A (B- A)=n(B) -nLA)

Please visit for Nt by .pakcity.org
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Exercise 2.2

Q Exbibit. AUB and ANB
* by Venn diaﬁrams in the

fo”omllna casesS.—

i) AcB

Sivtiom~= A <B

when B s 5“555{ O} A
( BEA)

Resulls: -

e ———

ﬂ(BUH): n ‘A)
n(AﬂB)::n(B)

. '(::5

Please visit & 3 WWW.paKcity.org
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o | orndi bons

Show A-8 OF)O‘ B-A Under what cen

QZ- bJ Ve_nn Diagr‘ams vdheﬂt— Q »on A and B are the
fo”ovu-'r'lj statements frue_?

50’” 'dﬂ:'-'
1) AUB=A
1f B<A

) A and B are overlappimg
sets |

11

Please visit fo www.pakcity.org
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") AvB = ¢ ' = 16.7.3,9,103
gf AL 5 | i) AUR
iy A -B=A 4f AND=¢

AUVB= il,lq,é, B,loju{t,l_d’h Sj
v) ANB=206 H’ Bc A - AUB={1,2,3,4,5, 8,103
V) n (AUB) = n (A)+ N(B)

§f A and B are disfoint scl-s

vi) A(ANB) =" (A)
4 A cb

V) A-8
= {l,‘t,ﬁj 3;'01—{,) 2)3}4/ 5’}
| = A-B={68,10}

V) ANC

vii) A—B8 v ANc= 32,4,68,10] n{h1,3,4, 53'.;4:)
e A:'S Olnf' Se £'$
4 A and B are aid) . e
asrr AND = Vi) A UC
vii) n(ANB) = 0 A = u-A=11,13,4,567,9,910
ng = ¢ - {246,815
34 ANB = h\ey}| s 793
R = U AL
| ) HUB / / A O&:\E % =yU-C= {') J3 5 6.,-",8‘,9,,03
59L iB: i ”ILI*@/\\/j = {),3; 5.;7)93
X) AUR = BUA \;V f2, 1, 6,8, 10

C

8t is alwaysf t\r@&

HLUC‘- e {'3315#749.]0{2.;(‘.)6)81!0}
il {|’1'31£'JS)6) 7;3) 91,0}
Vll) R"UC
At = U-A=4$1,23,4,55673910]
- {LIL‘JGJ B_‘,le

MU =A
Q(' let U= $1,2,3,4,5,6,7,8,9,10f
A= §2,4,6, 8,103, B= {1,2,3,4,63
and C= {'3)511)93

= { 1,3, 5,'!_,9}
11,3,5,0,9v{1,357.93
= 21,3,5,7,9}

AUC.

Soluhorr- ISR ALY RALY & DU
A ue = 9P
F\ =U-—-A QS Usimg the vernn D.agrams
= {1,1,3,4,5,6,7,8,9,103-114,,3,10 if necessary, find the
(L,3,5,1,9 = C Siﬁj]ebn sel eqyva to the
i) B Followirg.

Bt www.pakcity.org
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) A 6. Use {:h.e venn di'aJram;
f'On"’ "Ac.__ U— A bo verufj
50"“ ST i) A-BR=ANBG
shaded i) (A"B)cme =08 ’
area shows Solyhm‘) = 1)y A-RB=ANG
HQ

shaded area
shows ANU

Hence from frg (i) and fcivy

haded. y
*had We conc lud e that A-B=ANB

area Shows

AU . .
' i) (A-B)NB=5

Please visi
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l Fr-om C) and U'i) we condudlc.

“"Qt AUB = BUA

' iiy Associative Property of Union
| AU(BUC) = (AuB) vC

'f rv‘f -

l Let % e AU(BUC)

I = xeA or x& (hUuc)
l - X & A ar('xe& ar"K&C.)

e (’.\( &AoFXEB) or A € LC

w we&e(AUB) or XEC

-+ % €(AvuB)rc

'Hjc"w As x € AU(BUC) =» X € (AUB)VC
‘ »
(A-B) NB |, Au(suc) « (AUBVC ..... (i)
|©eenversely,
A\ P
TS\ Let ye (AvBlUC

from fig (iii) and £ig C;V)rﬁ\‘i\/\f\;.

PNZINS e
we conclude that \(E/J - Y& (AUB) or Y
C ,,ﬂf/,f’oayﬂ\/ '
(A-8) NB= ,\C\C;)U ; (36Aar368) or Y € ¢
AN | » je me, (j&Bor’j éC)

s of Unian
PFOFCI"tIeﬁéR"J\ U ] | + YeA or Ye(BUC)

L | <+ Y e AU(BUC)
) Commutative Profer J o)C As Y & (AuB)uC = Y& AV(BUS)

Union  AUB =BUA | so (AUB)VC = Av(BUC), .... (D
) and ¢ii) w¢ Conclude

Fro’f:" from Cr
Let x € AUD - I that AvuUC) =(AUB)UC
4 xehor €8 iy Commutative fr Oférfj of
xepor x €7 ‘om ANB=BNC
se AUDL & BUA ...+« Li) P:'o:f'xeAﬁB
c
Comversely, . 5 x eAand x€B
LetjEBUA -kx&B and ®RE A
-+ jJeB or JEA -+ x € BNA -
B So -
ASjeBUA-rgeAU '
i Conversely,
S0 BUA gAUB.”'.(“) Let .j& 6””

)

Please visit fo




www.pakcity.org www.pakcity.org

v) Distribvtivity of yniorm

let Y € BNA
4 yep and J EA over ITntersection
L yeh and J€ 8 au(Bnc) =(avB)N(ANC)
- Y e ANDB Fr-ogf:.-
As ye BNA = ye ANB ot L6 AU (BNC)
o BNA < ANB.. ... L) - XEA OF % & (BNC)
from (1) and i) Wt Concludt - XEA OF (xeBana’ xec)
that ANB= BMNA - (xe A arxﬁB) and (x€A or 2&C)
iv) A ssociative ProPerl'.‘j °f -+ (% €AUB) and (x € AUCL)
Intersection &+ & (AUB) N(AVC)
AN(BNC) = Qan)OC- lns Le AULBNC) = %XE (AuB)n(AVC)
Prook:~ (. Au(BNC) € (AUB) NCAUC) e (U
Lt xe AN(BNC) Converse ly,
= XeA and AE (8Nc) Letgffb\& (AUB)HCH"’C)
+ xehand (xeBand x€) |3 ye (10B) and Y€ (ANC)
-l-('x. €A and A € B) andl "ef, é§; +(36A orjeB) and (Y€A or yec)
-+ xe& (ANB) and xeg\@;}/ ~ yeA or (JEB and JEC)
-~ % e (ANB) DQ&BS}\C - JEA or Yye(BNC)
(N
ps xe ANBNGS x € (ANB)RC | = JeE AU (BNc)
so ansnfgwé (ANB)NC . .- L) | as y e (AuB)n(Anc) = au(BnC)..... (%)

Convcrsefj, from ¢i) and (i) we conclude

Let y & (ANB)NC + Y€(AMB)andyec| that AVCBNC) = (AUB)N (ANC)
-btj & A and Y€ 8) and YE&C V;) Di5£r; bU{';VI'£j af Intersccffpn
+ Ye A and (yeB andyeC) over Uniom

= Y€ A and Yy e (BNC)
- 4 e AN(BNC) proof i~

AS Y ¢ ﬁng)nc -y 36/’10(8”(-)
j ( == U(EA anol ‘I(G."(BUC)

co AN(BNC) = (A ng)NC.....CH)
€ A d(nebd er XGC)
fr'om (') and i) wWe conclude - X an (

that AN(BNL = (ANB)NC nd A€B)or (€A and x€¢)

> (€A a
+ AE(ANB)or x € (ANC)
= % € (ANB)U (ANC)

AS & AN(BUC) = x € (ANB)U(ANC)
se AN(BUCc) = -(AnB)u(Anc)

Please visit'%
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Converselj_,
Let 4 € (ANQQULBNC)

-»(jeﬂanijEC)or (3€Bandyec)
- (YyeAor Y€B) and Yec

As YeE (AN c)u(BNC)=> JE(AYB)NC
<o (AN )ulBNC) =(AUBINC

from () and (i) we conclude

that (AuB)nc= (ANc)ulBNC)

De Morjan s Laws
vii) (Aus) e A'NB’

viily (ang)’ - A'v8’
Proof i~ vii) (A vB) = A'NB ‘
Let X € (AUB) ﬁf\/\’
g (AVB) Q @J
- - /Z’Lf/
-+ € A and ')C\ R/
-+ X €A

-+ AE (A ;g)&

So (AuB)'g_‘-Q‘l’nB').... . 1)

. (it)
S0 .
(n) we conclude

from (1) anf?( ,
A’ NB

that (AUB) =

Please visit for

www.pakcity.org

Vi) (Ang)”- A" g’
Let xe (ANB)°

> X g(Ang)

AL A and x g8

-~ xe A" and xe 8
= X & (AuB’)

ey r— —— —

AS x e (ANB) » xe (A7UBD)

so (ANB) < ALR’

Corwcrse‘j,
/’
Let YyeA'UD

> AuR e (ANB) . .... (iD)
we conclude

Example L, vet A=tn31.
p= 12/34,5] and C={3,4,5¢7,3]

then verify that ﬂuszsug _
AUB= {1,2,3}Vv2,3,4,5]

= {1.2,3,4,5]
BUA = {1,3,4, S}U{ 1,2,3]

- {u3,4,5]

Hentce AUB B VA
1) \/cr‘u'f-j Lthat AU(BUC)::MWJUC

BUC= {1 3 4,5}u]3,4,5¢7,8]
- {Z, 3;‘:', 5,6,1, 9}
AU (8uC)= {’)1:3}U{1;3J".» 5-;5)7;’}

= {',Z, 3,4, 5‘/‘.*7.:3}———-—) 1)

AURR = {1,1,3]U{1,3,4,5‘}
={1,2,3,u4,5}%

(AUBC = 31, 1,3‘!5§U{3/" 671 %]
- §1,2,3,4,567,8) — i)

[

' ww.pakcity.org
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. AU(BUC) = AU(CBUC) {nm ¢r) |
“and Cei)

iy ANB=BNA

ANG = 11,2,33n12,3,4,5§= 12,3}

ang = L ,3,4.53081,0,38={ 03]
- ANB = BNA

W)y ANBNY=(AnB)Nc -

anc = 10/3.453N13,4,5,67,8]
= {S,Q,Sj
an(ane) = $1,2,3§n{ 34,51

o {3} —> (1)

ANB = {’,2.‘,3}”{7-,3, ‘145}
= {1, 3]
(ANB)'NC= {2, 37n$3,4.5,41,8 5\\\

{3] —_ (al) L(?f\/

(\/
/7(?”"/

i Hn(Bnc) (ﬂnﬂ)nc \C\ Ci1) and Cii)

AU(BNC)= {113
{l 2,3,"’[)5}"" (')

AUB = { ;
3 { U 3, L, S/é 2,8
A 1{1{1 3,4,5,6,7,18]

(AUC)= ?_'.-2,3 4, SjU{u_,z 1,5,618)
YR Y 53 —> U)

_(avR)N(AVC) 83 149

AVC =

(AUB)D

- AU(BNC)=
Vi An(suc)=(AnBV(ANC)
Ruc = § 2,3,6,530{3U0560.8]

= iz, 31",/54' 6)7;8}

an (8uc)= {113]N 12,345,678
= i 1,3} P ¢r)

Please visit for

11,3 {1 3,4, 5 J={12,3,45] ANB = 11,

and i) A= U-A ""'{' 1,3,-

www.pakcity.org

Ang = 11,2,33n1 2,3, 4,57 = {3]

L Aanc= 11,2,31033,4,5,6,7,83= {1, 3}

ANB)u(ANC) = {3jui,3)
=12,3] — V)

o« AN(guc) = (ANB)u(ANCc) BJ ¢

and Lii)
vily (AUB) = A’ N’
ILet U= {,2,3,4,... .., 0]

| AVB = {'17-)3}0{1,3,‘4, 5]
= §1,2,3,u,5]
_ u- (AUB)
- §1,0,3U,0, 10] 7112305 ]

_,9,:0]
A'NBG = 14,56...,103n1H6,7,8,9,10}

= {6,7,8,9,10] —> ¢ii)

- (AUB)'--' A NG

tn)
Vii) (nna)’= ,q’u B’
ek U= 11,2 ., 10]
1,2 3}0{2 3,4,5]
RIS
(AnB)’ = u-(A NB)
= §1,2,3, R EREY 3]
{1,4,5,6,7,8,9,10] —> ¢i)
ayl0f=g L2 )33

\\

R - u-B= {12.3,.10) =030, 5
- 6,7,2,9,10}
A,UE',‘-‘-' {z,ﬁ, mju{:,é,? g .. 10}

_ §1,456,7,8,9,10) — i)

rorm )

-y (AOB) = A "uB’ f and (1)

w.pakKcity.org

e —
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nWe comclude that
AV(BUC) = (AUBJVC

IV) AN(Bnc)=(ANB)NC

from {19 (il) and fig (IV) ik s
W—""f"'fﬂl that an(anc)=({@NB)NC

v) AV(Bnc)= (Av8)n(AvC)
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| from {9 ¢ii) and {9 (V)
it s verif—ed that
an (guc)=(AnBulanc)

vii) (AUB)’= A'NB" ( DeMorgan's Lawi);

from fig ¢iiy and £19 (V) K T ;
verifed that Autenc)=(AvB)N(A )| At

f”A\‘ ,r\*j\ . N 'l‘. -...-'."..‘: :. a : » . : e L] -a " ¥ . - (1 : " '

fﬁ\/>Q \ .;‘.‘ . .-:"F".r.. -'I L] l'. -. T ) F] .."::‘:.: [} ...‘..il.'..
\-,__, i -:- e .: . . L] . " ¥

I-I.llll-llll'll'l llt.'.'l.;, PR ... e a'se’ s 0% '.' e o sEuee 'r'

regeets -..an-n.-n-.pi-'nn-n'.-"u‘.lir'-n--t PR L

from f—:j Liv) and {-.3 cv) it Is
ver:'{—m'al 'I:hat' (A UB)"‘-'-' A"ng"

(AN 5) ’ — A ’US' (De Marjan's Law)

vitl)



www.pakcity.org

verify th mutative
e,mcﬂ e com é\@vﬂﬁ&

¢ P"'aPcrHes of vmAd

\j;f’\j pairs

) A =1 1}%,5} B={4,68,10f

Solytioni= « AUB = BUA

AUB = $1,L,3,4,5] {46,803
- { ,2,3,4,5, GIBJIOJ

BUA = { 4,6,8,103U 1,2, 34,5 ]
=$1,2,3,4,5,68, 1o |

Te AUB-.: BUA

AN
anA = 14,68 103N 2,3,4,5]= 34}
anp= 6NA
i) N, Z
10N =
5"":’— set "f hal:ur‘a| ~umbers
7= set of imbeaers
a) NUZ=ZUN

Please visit f

www.pakcity.org

Since NUZ=Z & ZUN=Z (NcZ )
so NUZ=ZUN

b) NNZ=Z NN

Since NNZ=N & ZNN=N (NcZ )

So NNZ=ZNN

i) A= {xlxeRnnzo], B=R

Splu f}an; - g( ge: of non-negative real numbers)
a) AUR= BUA ( Set of all real numbers)

auB={ujxeiRAx>/ojuﬂ2=ﬁ2
auA = RU{XIxeRA%20f = K

So AUB:‘ GUA

(Ac B)

= $xlxe AR 70]
BNA = TR_n{ﬂ-x_eﬁ?.Ax»oj
90\= Il n€ iR AR70}

(Ac B)

:For' the

Verify the properties
QZ' sirl;-sft!m 8 and C given below:—

Solutior:—
a) a={1,2,3,43 ,B=124541 83
cw15,67.910}

i) Asseciativity eof urniem
aulpuc) = (AUB)UC

LLH:S = AUCBU C)
_ oyl 13,4,5,41,3]V
- i'ﬂv%‘l}t){_3,'-!,5,6,7,8_,9,103
= { 1, 2., 3,4, 5,6,71.3, 9,10} — (1)

s, s,'fﬂ,m}]

R.H-S= (AUB)UC
%‘l 1, 3, "1-3 U {.31!1;5.;6;7‘,3})\){5; 6)'1‘9”0'}

8,7.9,10
= {r,x,s,q,s,a,ﬁ,aﬁuis, , 7.9 'jm)
_ {2,345 6.,1,3J9,|o] (i
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" RH:Se=(Ang)NnC

-[1L2,3, 430135 567,831 5,67, 9,10
{3,410 ¢5,67,%10f ={ §—
By () and C1)
AN (BNc)=(ANB)NC

L-H-S= AU(BUC)

=c]:>|)[ fo} U{o,l,).jJ

= ¢uion2] =30, — )
R.-H-S=(AuUB)uc

=[dv{ejju{onr] ={oju{o,L,2}

= 10,1, 1}'—) ¢ir)
from (i) and (i) AU(BUC)=(AU8)uc

ii) Associativity of Intersection

AN(enc) = (ANB)NC
LE-S= AN(BNC)

1D, Dn's-l:ljibul:ivil:j of Union oVEr
intersection .
AvsNnc)=(avB)n(Avc)

L-H:S= AU(B N C)

- {1a3,uu (8,45, 623301562, 910] sn(1o3nivLe]]
= §1,2,3,4ju 5,6,13 ; ¢n jof = c;: —> (i)
R R [
R.H-S:(HUB)"\(HVC‘) = 4’”[105”{"157—}]

.-.-[in,x,a,ﬂu{3,4,5,6,1,9}]n[{um.h}u ﬁ\e\\%\clb nioj= ¢ — i)

{5,&,1,9,10} %5 ii) ard (i) ﬁncsnc)-;(nns)nc
AN ‘_
0 A ) poe . - n: »
= {l,z,'&,h,S,s,'l,a} n{l,l,‘s‘,h,....y%ﬂﬁ/*ﬂf ) D|s£r|bu!:wltj of Union oVer
QO iNntersec bron

_ §1,2,3,4,5,67 3 —=x5 i)

f“x 70,
"_,.qr
\\ O \_~

By i) and (i) A\ O\

av(pnc) = (A JocAvC)

PR
.|V) DfStrl buf‘vnj °} iﬂterscd_,'or—-l
over urion R Hes = (AUE) N (AvC)

— (ANRJU (AN C

A?(B:Crica 3:.) ¥ ) - [(dufod)] n(cguienh2}]

L.HO= ) .}
= O & 'Jz = 0 — (1)

.-.-{l,!..a,ﬂ0[13,‘1,5;6;1,8}0{5,6.,7,9,103 ‘ {01 sL / ,_ H} 5__{ R..?H.S

= niyd wjni Y, 5,6,7,8,%10] By ) arj t".J' - = ;
_ '-1'} —> ) \), Dis{_rrbuh\"l’-’j 0)( [ over
e A n(euc) = (ANB)U (A ne)

R-H-S= (ANB) YV (FlﬁC)

{pes, 43 ”{3'“'5'6;"9])U[{'*‘v‘:‘*} N H.s= AN(BUC)

iseinel) | L & n[{o}U{%’ﬂ—}J
- {3u3vi §={34] — ¥ _ &N fo,52) = — @
By i) anel (i) LHS= R-H-S Q_H,S:[(¢n{oj)]ul(an{o,{,z.j)J
b) A=, B={0f ,c=10,42] § ‘PU_#"”CP —* 1%
iy Associativity of Union By e L.(:';!)-S=IQ'H'5
aulBuc) =(AUBJUC

AU(BNC) = LAUB)N (AUC)
L.H-S= AvULBNCL)

= tf)l}[{o} a {DI'JI}J ~ CPU {Oj

{0] — 1)

Please visit for VWW.pakcity.org
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c) N,Z, Q A ,' ’

N - {')2; 5)t4;..-- } , Z"-"{O +1 +2 +3;""}

/= 9= T

Q = set of rabhomal mes. )

1) Associabvity ef Union '

) J l:j f B = U-B-= %-IJZJBJ ..120}_{| 3 '9]

NU(Z.UQ,)':(_NUZ‘)UQ , 23,2400,

Q) | 12,06, .20}
= J ':NCZ ot ’

NU Q ZuQ) (. HIUE) =’l.'-'3/5"“. 19101 14,6, _,2.0}
- Q = Q - = { 2,8, b, s ,l9,20}

L.H-s= R-H'S  Proved AUR = U — (i)

i) Associabiviky of Intersectior | By (i) and (i) (ANB)= AUB

NC2Z0R)= (vNZ)0Q iy (AUB) = A'NG’
NOY 2 = NMNQ (.':NCZ CQ) L-H-S = (_HUB), where
N = N AUB = [1,q,6,.....Jzo}U2’:34:‘3:“")'9}
L.H.5= RH*S P“’V“L ,\{ 1,3,3, 4,5+, 19,20} = U
en . PO
(i) D)SEnbu\'lwl:-j o]( UV aver N _;\S\gj,: J- AUB= U-U = 4) — ¢i)

\ %,
% - r

NU( Z2nQ)=(nuz)Nn( NUQ) st ,
%’\J QHS:‘ A’OB

_ ‘NCZ EL
NUZ = 2nQ ( Nq\zg/ﬁ) A = u-A = Lu23 ke  20] - Frg e 20]
\\/ I
7= 2 Proved- 7o’

<®U A’ff',J,S',....,l'?]

L-H-C= R' H 'S\&BO\ ¢ f 9
' P -y-B=1412,3....,201-¢043,5,... .1
iv) [),'sl:nbu{-ivif,l:\")\, N oaver U B =u-B=1 T } ’ ' ]

Nn(ZUQ\\)S;/(an_)U<NnQ) Pl e il;"f,S,.... ,La}
/ / - s o se ,‘J,G,...-,
NnQ= NUN (..:ch C-Q) ANBG fl)llaa ;'9}[‘1{1 20_}
N = N = & — (i)
L*H'S"-‘-‘ R'H'.S PraveO‘L 6':’ CI) Qﬁd (”)#L.H v+ S= RrH 'S

English
Q3 Verify De Morgan’s Laws for Q[' Let hmhﬁse;f the Eng
the follow/ing Se £5: A= 1Ax isa vowe|}
U= 1" 1,3,....Jzoja,q={1,11,6,.....)2_0} = {ylyisa conssnant §
and B={137%,....,19] Verify De Morgan's Laws for

i) (HnB)/"-: ﬁ,UBI Lhese .SL'ES- {ns,
_1.se (ANB)  where h(AUB) = A

J.o} D{ .36 10} L-H-57 LAUB) where
‘) 2 VAR

L t
ANB = {245 AUB = (% is owel Jufglyis & comenent]

" alphabtt #U
Ang = { f = ¢ qud = Set°f Frglst lzﬁhi (i)
(ﬁnﬂ)’ _U- ANRB (_AUB) = U"‘AUB" U"L{ "vowc,}

CP = Uy — (1) A’r: U"A"’U-{”x '

LP\DB), = U = AI _ {jlj s a Consoncnt]
6,._-; U-RB= U- { Y1y is conSonentj

Please visit foftr ¥t www.pakcity.org
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L.-H-5= (ANB) where
ANB = {X|xisvowelTN{Yly is consonent |
AnB = { |

(ANB) = U- ANB=U-3 3=

v .
—> (1

A‘UB" = iy1yis consenent ju {%]x is vewel§

By ¢i) and U1V (F\ﬂﬂ)’=n'u[3" ,&

5 with the Nelp of Venn dia ;

Q » Verify Lhe two dist'}f\\h{j{"
properﬁ-ies n the JCE@_@N_?

o

on cand: Intersection.

23

At WwWw.pakcity.org

www.pakcity.org
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: from (2’9 (i) and f'q9 (V)
from ft'ﬂ Clr) ana( f,j (V) Lo Va"?'.{_'.ed {:hat
it is Var"f'"ed that aulene) = (A uB) N (AVC)

AN(Buc)=(ANB)U(ANC) ue) =(ANB) VLANC)

by ANLB

B and C are sver lapping,
bul A and C are cli's]'oiht.

a) AU(RNC) = (AUB) N(AUC)

Accordin g b given in forma h‘om\,\f S
L ff‘\/>.;;:“:.
we have venn d‘qg ram asiy

From 9 (ii) and fiijJ ik is

vari fied that
an(BUC) = (A ngIU( ANE)

e ww.pakcity.org
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i)

Q quinj ahj Set, Sa_j Anﬂf _ 4’
@ A_-;i'i 1,2, 3,‘!15-} ‘/el"lfj the fO"thf‘lg 50,"t;’n1_
" F]U(Pf-A L-H-S= Aﬂﬂl
Soluf:‘on:-- e {;,3,5,....,|9}n{1, b,6,.... , 20
L.H'S= AUCP - cP:R-H-S
- 11,2,34,5] Up QS Erom suitable proper tres of
= {ljl)a, "f,Sj = A= RH'S .Union Oﬂd -'nterscch'a'?
| deduce Ehe followin ) resoles:
Sﬂbtian:" SO’Utfan;-
={';1:3,Q,€}U{ ny,3,Y4, 5} _ Qan)u (Anﬁ) (usinj distribvtive
law)
- D23, 5 3 As RS | - AU(ANB) ANA= A
i) ANA = A }{,:':Q R.H:S
Solutior:~ 'f)~§éib41AnB)= AN(AUB)
L-H-5= AMA , . Tytfﬂn:"

<
= { 1,2,3,4,9 -}n { ,2,3,4,5] i LI@/\\/

L ( Distributive
=§$1,2,3,4,5} = R-H-S N5 =(AUAJMA;B) law)
Q7 af U,.{.,z,,,,c,,s,;,ﬁﬁ\,g{g} o . Ag(:-s

A=11,35,..519] verify the
folowimg: (i
) AUA = U

Solution;-
L.H-S= AUA’ where

A - U-A={un3,.,03-{u3s. ., 0]
A’ = 12,4,6,...,2f 5o
AUA' = {"3’5"”"J'9}U{1JQJ 6)- ..-;20}

= {1,004 ., 19,20 U=R Hs

Q9 Using Venn diagrams, verify

* the followirg results.
) ANB = A iff ANB=d

Suppose A neg’ = A

we are ko prove that AOB=+

i) ANU= A p
50’0%:- frem F"j () AND =A
e ;H“IU showing A and B are d;Sjbf"t
' = So ANB = C'F
= {1,3,5...,195n {123, ..., 20f
Corversely,
2 { ‘|,3,5‘,....- 5 ,9} SUFFGSC ANB ..-:4)

= A = RtHS

25
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from f-fju'J A-B and @

have mothimg (, nmon so

nol:hinj Wwill be  skhgoed to

Show (A-B)FJB as Shown in
9 cii)

As ANB =¢ |
= A and- B are dis-'oint /
o A will be subset of B

s ANB =A as shown in fig (i)

S0 (A"B)HB = r:P
W) AUB= AU(A'NB)
cog\s\.'oler‘ A and B are

(O

fﬁ@éﬂa pping sets, then

‘From ‘f‘lj (i) it is clear that
(A-B)UB = AUB

i) (A- BN & = ¢
(_onsia'tr- A anod B gre
overlapping sets, then
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T‘

The truth table s
gven as

le 4
i) Lahore 'S

(conclusion) on  the basis °f  |capital of Punjab 7™

el kmow N -f-ar_LS is calleck arnd Quetta is caplal of Balochistan
OlEdUC['.ion. I.I.) }14 5 /\8<|O |
on.— ANy skaterment o 0/ £ A 8510

Fr'oFOSi':

Hich 1S either trve or j‘-alse.
\ Loth i3 called

Lions are

iv) L+2=3N &+6=10 3o
1) and (i) are Lrve whereas

i) and (W) are false.

Disjunc tiomi= Lot p and o

be two propasil:ions then their
‘e Ackion IS Acrﬁol:eal bj qu/

ot Mot .

PrOPOS't tion. Propos
denoted by Pa A D

Al’iStOtE“an l.ogic -~ According to Aristotle there could be

only two possibllitles - a proposition could be either true or false and

there could not be any third possibllity. e.g., the statement a = b can St 'r )
be either true or false? " v e A /Dﬁ Gl reaol as . P or oy .) .
Non Aristotelian LogiC :- vLogicin which there is g;%\z\m\ + A disjunckion is fo lse only If
a third or fourth possibility Is called non-Aristotelian. I(?f\/ - J 'Se
QN both p and & are false.
\‘\H\/E\V/ ve | f a t
.

Negationi= Negation. o :
PFOPOSfEfOn MQanSﬁT\{E@OéfecF tha
PFOFOS“ l;ion ; 5&?@;&\5 Pro POSl l 1o
variable theéﬁﬁxﬁega Lo of P 'S

denoted by ~P

Note:-

g{_ P 's true ,'IF 1S {-alsc.

A disjuncl::br'! is tr
eact one  of P and
The trvth table s

gfven as

oy ¥'S true.

integer or 0 'S &

Find truth valve ¢f this disjunction.

9f ~p 18 trve , P9 falls. ,
s false, P is trveé So lytion:- e
35 "'"P ) J ' f“’St cDmPonent 1S '|: p
The truth table IS disjunction s true
given 43 i) A trlangle @n have _thm
CO”jl!m'-’cion:- Let P and % right angles or La hore |
pe bwo proposi tions then their capital of sindh:
: by PN . [
ijumHon ' et ;2 Selu ien: .amponents being false,
ond red as “P and 9 Both the P oo i
A uncbien 135 trve onlyif the Com]’°5't’- propes!
v g false .

P www.pakcity.org
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Imfli'cafion or condidjonal | Conditisnals related with

Let p and & be two proposi ti'oMs T
" yen Y, _
is demoted . conditional.

then p imFHca.(:'for\ a/
b'j p—> %V and read as “P COFTV-CItSC:- let P— & be 9iven
imf)lu'cs " (or if P then cv) conditional then corverse of

. P—=% is av—> P.

Here P is callec th’o'thes'S or I :
anteciden s while ¥ s alled nvem::-- Let P—>a be given
e uent or Conclusfﬂf'?- condi benal then inverse °f

Cans a{ p—> O 's F’P—-}”‘"CV

Hon al skatement s : L
-+ i;t corm;Jl h“ h" “: o Caﬂ‘tl’af’a‘r{‘u’ﬂ:- Let P — 9 be
false omly when yeo €515 13 given corndi Eional then contmfosil-i’vt

+yrut ; othery\ﬂSC (_ondf l:\or"ml af, P ey is oy HP

Statement is always true . . .

The truth table is 9V belew L | h:.u_k table of above
Hﬂ(g@\& tomals is given  as:

O
\ e R B e B e B s
JEn

- -,1

' ronar L
,_:'“Q\“i
The proposition p=>arAq, —> P "
w5 | 3
1S shorﬂj ari tten as  P&e—T v/ 41 (m|a]l gg
. o | ©
read as P if and enly |j'-(|’f3£) ay :|__ .;.E.:
i< called biconditiornal sr i -
eqquivalent skatement. 11 [ :
4 A bicandi Lonal sbatement 1S g
trve if both P and- 4/ are trve. ]
: -] | ™ :;
+ A bicendinal statement 1S :

trve if both p and g are fa".sc.

A A bicend: Homal sta tement 15 | '-é g.f‘l

;"—alsc when any oNe °;C P, I"i.-i‘-n o~ -i, E

=,

is falls. &
the table it i3

ne draw vp iks trul:h table as:
Notc:’f (r)y From

clear that corverse and iNVese

N other.
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egvui\m

EﬂMF'Cs Prove that in c'\nlj
yruverse the 6"’?"] seb P s *
sobset °of any set A

First Froof:- Let U be
uruversal b consider the
Cor;iz;r:ai-ecp’? ELUJ

Hence Ethe cond.‘h’anal ‘s Lrue.

The conl:raposil}vc_ OF
corndi Bonal i) s

The conseqy vent of (WS

: ERARNS
condi tienal f,@ue.
j--"‘*ig i
condh &0 aANTS trve.

. Hence PI’OV&{-

E"“'"F‘C 4. Const ~uet the
table of ((P>V AP )

truth

A statement ~hich s

necessar”y brue )Cm' all kthe
cases is called a tavtoloy.

www.pakcity.org

Crom table we observe that

pvep is trve for all cases. So

contradiction 3

cornkin Jeng- g, (P>a)A (PVH)

™

{5 ~-\;"\:@S Coti mgengy,

QU an‘“f;e.l"'s e The worok or

nrch cornvey the idec

sjmbols e
Yy or number are called

of q(uankil:

| o/uanl:i']c‘l'ﬁf’f:.
| There are two Ovuanb'{:fers

iy Universal quantifiers

The symbol V(forall) is called
unwversal  gruantifrevs.

i) Existen tia ’cvuant:'fr‘ers

The Sjmbo) 3 (there exist) (s called

l exis (en bia| /v an b f{ers.

> www.pakcity.org
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i Wrike the converse, inverse
Q * omd cor‘ltrapasil:‘}u of the

fo”owif"j cor di Forals.

) ~P—r & i) & —rP

i “goep [ Py ERY2N

O T o N by ) I
QZ (..OI"'IS['.I"'UCt LrUth f‘.QbIeS ]Cm_ 'H?E. fO”OW;nj Stqfemenfs;_

'I) ( P—2- P) v ( P—> cv) 49\:%\

S —

i) ~(p—¥)—P

QS S-h:w that each of the following statements s a tayteleqy:-

) (PI\‘V)—? P
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i) p—> (PVYV)

G s e

V) ~oyyA(p—rq)—>~p

N A AR =Y

e ———— T bl -

P [ ~qalpor @)=
A(EN I

. ,ﬂ'h-_ ! T, S

- ) T
- F T | T
- REr T T

o {:'f H ,-:J ~ ] E

Q Determine whe{:hetieéﬁh °‘F the f"’l’ow'hj 15 Q tqu{:oloij
* a com {:fﬁjehc.ﬂ@@%@?ﬁ amn absurdity:—

A\

)
~all valves of PA~P
are false so pA~p Is

anNn d b 5ur‘dil-j (Can th:'c [—:on)

«all values °of p— (4=p) are true so
P—= (= p) is a faUE:ologj.

= all valves e qv(r qvp)  are true
*° qv(~pvp) is a tautelogy .

31
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QS Prove that PV(~PA~W)v(enw)< pv(~pa~q)

: last Ewo ‘columns are same.
f PVLePA*Y) v (Pag) < PV(TPATY)

Provecl.

Trvih Sets, A link between Set Theory am d
Logfc

Exﬂmflﬂi Ghive |031Ca| Pr'ocfs o f the foﬂow:ﬁj theorems:-
(A B and C are any sﬂ;\s)

) (AUB) = A ‘ng , )\
Solgft'on:-- jts legical fﬁ:{@}\s ~(pvey) =P A alhaV/
'f' Wla B}CS So rows nf talble = 2. 4
J,\PC{ PVy | ~(pvag) ~pA~q |
f~::“\i§“\\w N I
yﬁﬁy 5 L gF F F
Rk ]
.-F Fitml &1, T F T Gl T

IOS*. two celumns are Snm;
-w(p vy) = ~p A=Y =+ (AUB) = A 'n g’

i anN(8uc) = (ANB)U(ANC)
Jts logical form is PA(YVIr)= (Pw)vm\r)
‘3’ variables, so rows of table = 2°= 8

plal|r|9vr pAatlgvr) [ PAG [ PAT (pAqIVIpPAT)
T{T|[T| T T T | T T
TIT|F| T | T T | F T
T|F|[T|] T | I [ T T
T|F|F| F F I F F
FIT|T| T F F | I’
FIT|F| T F IF I’ I
FIF|T| T P IF I’ F
F|F|F| F F F F F
r 2 3 4 (5) 4 7
1

w0w.pakcity.org

www.pakcity.org
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' from celumn @C"'\OL it is yarifed that

pA (V) = (PAq)V(PAT)
~ AN(BUC)=(ANB)ULANC)  proved.

Exercise 2-5 ﬁipakcitgorgk

Corvertl the followi™g theorems to loji'c_a.) form and prove
them by cohstructih_g bruth tables:—

Qi (AN B) = AVE

The logical form s r’(p/\W)—f'PV""V
‘2’ variables, se rews= 2= §

The '03|c_t\ﬁf;@m 'S (PV‘V)VY"‘ PVCOVVF')
__,-‘“§3VJVarlee s, se Fows =

"H.
%

7"”’" | o ‘IV' (pvq)vr pv(qu)
\ T T T | 3
T T F T T r _ T
t'r L F T T I T
_T-T—F__M r | N\ F T T
AR T T 1-

F 3 3 T T T T

F F ; T | F T T T
T F l F | or 1 F P F

+ lask two c.dumns are same
- (pvy)vr=PV(aVr)
- (AUB)UC = AULBUC)

Qs (ANB)NC = AN(BNC)
The logical farm s (PA¥)Ar= PA(YAF)

(o ?

3 variables, so rows - 53_ 3

33
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VAl AT [ (pag)ar | pA(gAr)
g

.. last two colomns are same.

=+ (PAA)AF = PALYVAT)
- (A nB)nc = AN(BNC) Proved

QZL AU (BNC) = (auB) N(AvC)
The logical form 1 pv (ynr)<(PVY)A(PVT)

‘3" variables, se r"wﬁf’?@k ?

\ (:d_,. -:j-’ #
(O)Y

v last two coelumne are Sarme.

=+ PV(¥Ar) = (pvay)a (pvr)

= AU(B”C)-_—; AUB ﬂ(AUC \
Rdab'ﬂn/sfnqrj rc’atims- ) ) preved .

Let A and B be twe non-empty - R‘anje:" The set
sets amd AXB be their of the secomd elements of
Car tesian product , then relation| the ordered pairs for ming

or binar‘j relabion frem A Bl o relakion is called its

Domaiﬂ:—- The set °{1 the NafC:-— On 9eneraI
first elements of the ordered

Pairs formming o, relation | A XB ?é- be

IS c_aHeoL i'{‘.‘s olomm'n.

Please visit {9 www.pakcity.org

www.pakcity.org
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|
Examl?le _L let <,,C, &3 Examflg 3. LeE
be three c.hn'IJrCn ClﬂCL m, M A-..-:’I-l?., Lhe se_\: o{. real r-.umber's,
be two men SUCh that fa ther Determfﬂﬂ H‘IC relathon I such

th ¢, CuiS ™ anc father : _
°F bo. .;n'nd. Lhe relation that a1y iff J= >+

of G I8 orr -
A= 1
Solution:- . S n= AR =) xye]
Lot C= et of chi |drens
N ow
= 16, 0,6 e 2 009) | g =%+l ]

F = Stt OE fathers.-_— {m,,m,} Tere are Ur-llim"!:CCL relaHor‘)S
Now Sa s f‘Jl'ng 3-_-_-7(+l SO dearlj
exfF= i(c“m,)'(c,,mx],(cum') Dornr'r’”?- , Ran r‘=Tiz

(Carma) Cenmi) (€3, ™) ] o
Funetion - 'l:
% o Mon- emf' j

= seb of ordered. pairs | ﬁ.-\léif%f\ T 1B be tw

SN 194 . .
- (child, father) RO sets, then f is called une ke
© T {(C"m')’“"’mé%?@%)j f: A—> B and
Dova =4 C-..‘-t;f-%\{\iiéﬁo\“ defined as;
Ran Y= im,@/} i) Demf = A
QAW i) No two ordered. pairs of f

\/
L t e 2’; l; 3
Examflt 2, Let A J, have first elements equal. e.
the relation r sich 3

Netermine AiEeE .87 3] 1 B=
that wry iff *<J a)mL _. o L %k §
{' ‘J:" {C'Jﬂ‘-],acsz), C3,<-)j
So’u log’.-" 3} Here bom)( -.-:-{_}, 2, 3} = A Also

=3 1,2
A > Ng bwo ordered- pairs o)C £ have
AXA = E(l,l), (1,2), (1, 3),(?-,!),(1,,1) {i‘r‘Sl’. elements eqruval.
(1;5),(3)'),(39”,(3) 3)} Hence j— 'S .Func.l:w'orw

) Let a=712,33 .oand B={a,b}

By given condr tion
and h = { (y,a), (2, L)} Here

Fo S (xY) ) LYEANRLY .
" ) Daw h= 1 | 5 'Li -.?‘:.R So Cnndfl;:arv
r= {(':’-)r ('-’3);( T:’ j “') a{ -FUnCl:"'Oh ¢ nNnot Sol.—"sf-n'gd..
Dorn r':' {')?'3 ’ Ran r= X_l, 33 Herce h S r'\ot func\-‘on.
25
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|
|
|
!
F

Iﬂ*ﬂ funzfion:- o f:A— B The qun_cl:-.'ah
be -FUﬂCE-aﬂ such 'U‘Ia.t | 7(_: {(up‘j)lf—}i'axj-ﬁ'b:}t'l‘:f_} s

I callecl quoadrabye  funcbion,
., R ana g - | 9f we draw a q/uadr'al-'c
(! e a j f}‘ ?ﬁ ) E EHF I jcuncé_l..or_\ l'l"S Sr"aph N;” bC-

i$ _Sai'ol te be f”htb‘an from A ! " Parabo,a..

imt B .
Dnto (Surjec.f;iyg) function:- Exar"flc § Give rovgh skelteh
- o’[ H’)C. fUHCHOﬁS

9y f: A— B ke o funchion
wweh Jc.ha‘t' Rahjt. of. f- =B ') {_(.71;:)),3?(4‘3 ""2-}
thern §{ 's called on bo fund:{an. So'utiﬂm'

(l"") ani ;nta (Injecti‘/c) I+Yy=1 =+ Y=

funcb'an:-— 9{: f s A B
f—uncl:l‘or'\ -_fur‘ih er molet
i the

Range ©of f is Proper subset of B

be Nk
there is no repekition
SeconaL &'Lmelﬁt an_l)
pairs (c—¢., each element °}§§> given limear
have diskinct Mage ,n‘;%tijﬁbm e,avuq{-fon 'S
fis sad € ""i,ﬁs\(é@%”"' 7% | shown N

ION
be °""fe§<:\ Niw qraph of

Juncbion.

OV
(1-1) and Q@quecbve)

funcb"on:-—- 4y §. A—r B

o)"'o(eer- pal
_sal'ol o be an orie-
on & ,Cuncb'on.

Set Builder Notakion for
o fuNe Fior i~ .

The quncl:l'on JC'-"" {(-x.j)lt’—;M'l-fCJ of jive_h

s called o inear fune s Gvuaclr‘alﬂ'c
limear funcl:ion eqyuation

of we cbraw &
the'n |ks ger)h VJ'" be * is slnown N
stracght line. 3

I 36
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L
. Live i) {(w, 9) | +y = ot x<a, Iyl < af

9t f. A—7B be @ 5’J°CE'V;S { JI
1 chon £hen r s 1MVerse N So’u'hom' Let

un __ .
y nokeol by £ ' and ‘Je{"'ﬂ r=‘_{ (%, Y) )t.l-l-j"-_: o’ x|<a, |yl <3

€ .

7(": B8 —7 A In this ='{ ( X, j)[j = f\la,z.__)ﬁ, IXI53,|Y|S.H}

Q> -I# Range © }-_ J_ ris not a function because for each value of x there
case Doman °'F f = J exist two values of y.

- Doman °7C (i.e.,, repitition in domain.)
Ranjc of § = T f

r={ (0, ) [ H+Y = a’,Ixsa, lyl <af

€-J, } I
Let 5'-'-' ?_,(’()j)\ J = MR | ='{(Ka5)lj ::tJa. -.-7{.", |x|5a,|y|:5,a}
4. .
- - + C r 'is not a function because for each value of x there
- § = {.(3"‘() | %= *y } .exist two values of y.

L j (i.,e., repitition in domain.)

.y Exercise 2.6
£ )| el Ax=Y ] *

f\: A Dby, 4], Hnd
v ®* the fo"ow“'_'j relabors

N ofher‘_wor S I ecan W\ O
9 P KA in A. state the demaim arok

be obtained bj in{crchagﬁ'@f« "
- Ifr " ) & . So
comPonEnfS aJL ardered Pa,fsgjy)c range °f each rc_’a Bon

& H
# dnverse °f a fun":b"?@u{s Aot | draw {ht graph of cac
necessarily o Junekion. iy {(x,Y) | Y= x §
Example 5. Not availap@\ issing) in text book ,
P Soly‘f'lﬂﬁ"""
E%O.'”FIC 6. Fino the inverse AHiven tha{:
. . g A = i_' L, 5) L'j
of i) {U1),(2,4),(3,9),(4,16).....xeZ : .
1 ° netes ';3
Soluf;dni"'m, which fl:ht,se are functions ALY LOL [(1,!),(:,2),6 ’ ; g
Letr:l(',')}(_1,({)!(3,9))(({J|6),....x€£. (1)1)' (?.)2.), (14’3))(1’&)'( ’

(3.1, €3,3),03,4),04,1, (4, 2),(43) . (4, 4) {
| According to the given condition

R= {0,10,¢2,2),3,3), (4,4)]

ris a function because no repitition in domain.

F=§ 0,1), (4,2),09,.3),016,4),...xeZ

Similarly , relation r-lis function
because no repitition in domain.

“) {("zﬂ)lﬂ::Z")(.*S,‘KéT’Z}
Solvtion:- nem R §1,2,3,4] = A

Letr={ (x,9) |4 = 2%+3 , xe R3 |Ran R= L1, 23 4] = A

ris a function because for each value of % & [ 1) i_( A, 'j) | Y+ % = 5}
thereis aunique value of 'Y

(i.e., no repitition in domain.)
=fOgy) lw=29+3, xe R} [ R = LLUL(21,3),03,2),(4,)] 3
2

={("’5”y='xé_3" xé@}’ Dorm R=2 ';1)3;‘13
r-‘l is a function because for each value of ¥ & Ti? Ran R.: { 1,2, 3,4 3

thereis aunique value of Y
(i.e., no repitition in domain.) 37

According to the given condition 4 e (1,4)

Please visit for more data at: www.pakcity.org
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i) R= {(%Y9)] «+Yy< 57

i) {(ny) | w4y < 5]
Dom R-:: TQ.

Accordfnﬂ - 3,'ver") cor‘ro’f{-:‘an

- (I”J('l)‘,(’3) (,1),02,

R { . ’ % "’) }’ e of 7 (r-f-a (:,7.),(';3);“-»0)

Dem R= § 1 2,3]

Ran R= $1,2, 3 a¥ s
n R { } R 1S not )Cunc.‘;"'on

- R ..
b P srdereol  Parrs
(40

1Y) {(1!3)|7(+ﬂ75} . _ f_irst e’EMCW&S E’CVUA,'

r,ot oL fUﬂC.Ebf?.

Qz Qe_Peate 3 1 nUmberS,l 50’0£lﬂn5" "

h of the ~eal lines are Here f:'i('.,tﬂ,(!,b),(l}c), (3,

whic
j‘-uﬂc“ons' Dﬂmf = {1J1,33 = A
S,I,fion:.—- Rang f= {a,be,df= B
(niven A= R = set °f real nos. |ordered pairs (1,a) gnd (1, L)
h R= {o0,9)] g =] have first element egual. s
Doym R = 1K f is mot a function,
No two ordered pairs of K i)
have j—n‘rst demcnt covucﬂ. 2
$o ’]2 1S o fUﬁC{'ioh ':

i) R={(xy)|x+y=5]
.So(u[‘:'on:-

= |
pormn R = K pere f = La,n, (6,3, (6,9}

0, two ordered pairs of 2
have ,C-irst e.le.ment gavua{_ Domf-:‘{o,b‘ C}: A
» Roa o« juwstin Ranf = §1,3,5}= B

. véi-

Please visit fC i WWW.paKcity.org
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ris a function because no repitition in domain.

F= 210, (3.2), (4.3), (54), (65)

1is a function because no repitition in domain.

i) §$0,Y) ]y = 2x+3, xe@}’
Solvtion:-

Letr={ (%,9) |y = 2x+3,x € K3

ris a function because for each value of % & 72

5,lu'lﬂ'mz—-

Here )c = {Q‘,'q) ,( 2, b), (3, CJ} | there-i?. afmique .value of Y
(i.e., no repitition in domain.)
Dam{-:{l,l,3}:A "1={('«,:1)lx=2'3.+3,'xeTQf
Ranf= {a.bse] = © . =f(0,y)|y= X3, x e K}
{- 'S oNe-0NCL as we" as off r-1is a function becausef%reach value of xeﬁ?

(s bijec LHve

¢  Lien. So f Qt:re is aunique value of Y
un .

, | epitition in domain.)

(im0
Py

w) § %901 y'=lUax , X7 0]

¢ylybiar: = Letr={(xy)|¥=4ax, x20)
={(x,y) |y=% 2Jax,x 20}

\\ﬁ/ O\ r is not a function because for each value of x there are
50 'UH”’:" V/V\\/ twovalues ofy.  (je, repitition in domain)
N 2. -1 |
Here §={(4;3), (M, ¥), (N, )] r={ xy)[X'=4ay, x20}
| -1
Dar‘nf ={ L "m n]_—.-.A r":{(x:Y)ly:fE , X2.0}
-1
Ran § = ixl z—f < B r is afunction because for each value of %
se £ is in to func tion thereis aunique value of 'Y

(i.e., no repitition in domain.)

Find the imverse of the . 3
Q e followir?g relatioms. Tell ) i("(zﬂ)l‘)‘- tYy =

laborn anmd its ,
nre Solytiori=

o hﬁt:- s
kior or Letr={(xy) x+y'=9,Ix &3 , ly| 3}

9 |=l%3,1Yls Bj

whether eac
iAverse s o func

i) { (.1‘, l)' (3, 7‘)‘, (‘-‘;3), (qu), (61 G)} ;:{(x’y)[ j — + ..l 9 :_.){_1. |K|.$_3 ’ IYI < 3}
1A PO ris not a function because for each value of x there
5. I 4 bo r exist two values of y.
Letr={(2,1),(3,2), (4,3),(5,4), (6,5)} (i.e., repitition in domain.)

ris a function because no repitition in domain. 4 £ i -
. Letr={(x,y)| x+y=9,|x[|£3, |y|£ 3}
r={(2,1),(2,3), (3,4), (4,5) , (5,6)}

71is a function because no repitition in domain. r-1 ={xy) Y =+ l 9 .__){_L, IX| <3, lyl< 3}

c2,5),¢3,7) (4,9), 6‘5:”)} y

W) [( 1,3), r is. not a function because for each value of x there
f é gy = exist two values of y.
vion: | : e ,
Sel Lt = (128,749,611} T TR

=4t www.pakeity.org
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Bimary Opera tions
ot Gi be a non-empty set then
binary opera Lom on &1 (75 a {uncb'uh)
denoted by K (read as star) qnd
defimed as % GAG— &

(-2., for all a.,be& a%béh
RCMCmbCI’, ) (G:JX) will be

a Non-empty set.
i) 9f X 5 a br'narj operah'on

oh Ga, thtn G is “said ko be
c.loSed. vrder bihqrj OPEI"a(:t'on e

Example 1. Ordinary addibian,

MUIHP“ (a Uon are oFera HO!‘IS

o N N 'S c.,05£d-‘
a.Jc“HOﬁ and.

(—€.,

anoL mulh’Ph'cahon ayre offrﬂ ,
s E, the sel tg@ﬂ/um
~umbers. 4k 3 < othi™g
Lhat aofol ' l“lﬂ | an
LA, the sel of
Or-?eral."Oﬂ o N
odd. _ glural MY
E"“m”’e 3, Let b
£ set of all ever o bural nUmBs
(}FS&t of all odd nafur‘alnmw_bers
AS
E +E =E
bers
sum 0 two €VEN ) urm
( u iS;. a,So arn €ven number)
£4+0=0
qum 0f an even ~umber andl
is an odd na.)

O+O=E
(sum of two odd rum bers 1S
an even Number )
shor tly we havt
table
So {E,O} is clased ®[EJo0)
vnder +’ E
olofg 4o
Please visit

www.pakcity.org

EMMFIC 4, The set6d 'l’-l,(;-,_'j
here (=J1 is closed woret
‘v’ byt not wer t 4

So,ufl‘ﬂﬂ-
Vv a,be&
a+b g &

e, -1 & G1 - '+("')=O¢G\

alse 1,0 € G =¥ }+E/€f 6
closedd wret T+

¢o (7S net

(1w +) =0 IEPRFANES]
r
so (n 1S nol‘ C.lajt'.cl W*r-t 3 "
struct '’ table as

clear that v a,be & - a-beé &

se Gr 1S closed wert X

Residve Classes Mo kv lo
n uvnder ‘X’

consn‘der '-i:,-" bP_ 8 binar‘j
OPeml'foh oNn o non-emP{-j set §.

Let a, be&eS Now we f—-'nd a';;_.b

2t www.pakcity.org
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() §f axbdn then we take a+b
as ordinary sum asxb of a and
b.
i) 4§ agbon then we take
Cl'i'(:*b =Y

where r is the remain der

sbtained afte.r Ol":""ol"”j a+b by

n. ‘U‘?Cn bl'ﬂafj Opera L—ion 5):(-'
s called- addi bron rodulo .

60 Guve the table far

olements of the set of
oolulo 5.

Exam Fle
aclcl; la'on o.F

residve <lasses M

Solvd romi-

AS 344 =7 But for maduloS

= 7
4+ =2 5} I

——

2
4+ k=8 But for r:'!ao‘l!'d 5
U+4y = 3 5 ‘—E__

is alled congruence Sy bo |
and used o qu " s i'JmHCa'w;fB':

Ezaka 7 Give the table for

addibion of elements of the seb |

of resrdve  classes: modvle 4.

www.pakcity.org

G‘II‘VC.

Example B,
SLR. o;

the table for mu”:"'P’l'ca

elements of the seb of re
Jvla 4.

<iclue

classes o

$olution:-

(o mmula Eive fj -
3f Vva béegS o *b=bXxa
then X 1S called commufq Live in §
H.Ssac,im‘ l'w'{j ‘-

9f ¥ a, b, ¢ eS
o % (bx¢) = (a%b)ic
then X+ 15 called  associabive in S

Existence of an identity

element i~
34 V o e S there exirsts e€S

such lhat @ wee exQ=0Q
then e is called identity w.r.t X

Existence of inverse of

’f‘ vaeS 4 a’es

2d @AV W . pakcity.org
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By (1) and (i)
- o = a’
yence left and

are Qq,ual.
Exd"’f'lc 10. Let A={L23...., 203,

lhe set 0{- first 2o Malvural Nes.

3h!: inverses

a bimary op¢
right identity
ordimary addiben s net

a bi‘nar“j opera bHon on A

o258 =25 £A N4 closed
weret !

E.iﬂ""ﬂc ii, Addibion and

o~ are cormmu ka bive

' mulh'ph'ca
ano!. associa bive operahbns o the

cets N, Z, Q , 1R

£ j 7 fg::; i\‘?’f“}2_+(3 F5)= (1+3) +5 ete
e A e = e —y (I) \\O_./
’

are >al me . \i \ Q\v

Theorem:~— In ﬁ'\f\s)e'l‘ S hav.'m3

e
A

. .’“‘xhy/ \
an assocratives omary operation,

left inverse of an olement is

ecvual Lo 1ES r.'ght ‘AVerSse.
PrO‘f ' et @, a.', n’e s
iNVverse .

Suppose o’ be left
of a and a” be n'jht' NVerse
of a. Now

a’ % (a Xk a’) = o % e

(= a” i3 r:'jhl: inverse °f a)

- a % (ak a)= a —s (i) |
Also
’ N ' v PR
(a’%a)% a”=exa
(~ o is left inverse ofa)
? akn . 7, i
+ (& %)% a"= a’"—y (i)
Criven .

i - v V.  ax s 7
o % (aka’)e (8% &) Ka’

88

Please visit¥ Pht: WWW.paKcity.org
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Exercise L.7

' ' th
i COMFll’.tC E}"C tablﬁ, ir‘ldl'c_.a‘:lr"\j bj oL l:le- mqu oi‘e_
Q ° FroPerl:fes thich are satisfred by the sFec:flcaL se

O)L NnNurmM bEl"S o

. Set of numgem m Rational Reals
Property d .
X
- e
C:
®

Associalive

o
1dentity :

|
Inverse ;

®

A
N
y = 'y
i
4 %
r
\/ v
A
e Y
.‘I(Iﬁ\'r

- ® Sz
Commutative -
L] o0
Jhat are the frelds axioms!
Q * In what respe cgfgy"ﬂ/fs the of the set of residve clgsses
}-\'elol- oJ— real nw”:l,\%%%? di ffer frem madulo 5.
that of cofgg‘ﬁiﬁ\’numben? | S ol tior:— R
Golybioni— A ron-emply set F 15 i The zeqo's in © and Tr are
called.  freld i f obtained by muH.—-.'Pl;cal—rm of 1,2,3
. ok ;s abelian group vnder ‘+’ )b V;Itth 0. o bl
= IS O :
ii. Non zero e lerments of F from every element is less thar &. Se
belian grovp under %’ | )
P anS I’_rr;:uah'ng Ilw'_s hdd ' .. the ‘LQHL 1S a X 'Eabl(. aJ( U,g _se‘t
| | : ’ ajr' QIEMEH‘:S residve. classes madvlo 5.

a.(b+c)=0-bt a-c Q4 Prepare o table of the
& (mtblc=a.c+ b * elements of the set o {

of real nos 'S SUbF‘"’L resrdve classes modvule 4.

Also set
of set of ComFch ~umbers. Sa,uh'an;.—-

Qs_ Show that

the adj'oim'nj
table is that
0} mu”.-lpiical-r'an
of the elements

Please visit for more data at: www.pakcity.org
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C’eqrfj sLo,l, 133} 'S “,E 52[‘ gf

residues classes modula ¢

Q5 which of the following
binary operations shawn in
tables () and (b) s

commuf:q bve ?

By 1) and )
¢o Rinary opera t ol «:j@
commutabive.

¢ \l\ O\

e j\\g‘ N'
W

. \/ 0 d b'%‘&.’-‘ c.
a%xb=sc—>H an by 7
By (1) and Cir)

a X b= b*Q
dpera l‘l'ﬂn 'S (ammutah'lfe..

$0 binarj

6. SUPPI

y the vissing e lements

third oW of the

Q

Please visit for FF

www.pakcity.org

we want b find cxa, ¢xb,
cxc, cxd from table

v e = d x b
C XA = (CLX.b) xra
= ol % ( b)‘. a-) ( A ssocia HVC)

C“J:‘-'.'O. - d.)kb:c. — c_.);.a_-.:c_

Also C :c‘i ?(b
-+ c % ¢ =(e H?) X
= dX(bXC)
= OLXC = C

- R d =
$o {hiroL row will be comF’c
as

:

Q7 What OFeraE—fon 'S
rcFrcsented. by the qcl‘ioir'll'hj
tables ! Name the idenbity element
of the relevant Set, | f b exrsts.
Is the opera Lion aqssociabive!
Find the inverses of 0,1,2.3 i f
Lhey exist 7

| ted
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Solvtior:—
1) The aFer‘al:fon vsed the set of

. ¢ >
res due class med. U is +

i) The identi ty olement is zero.
O+ 0 =0, o+l=!,0+2=2,0+3=3

i) The °Pcral:1'0n s assoc:'a‘h'va
e.9., (1+2)+3= I+ (2+3)
343 = I+ =» 2=12
simi larly it can be vt:r:')ﬁy'cof.

J‘Of" GHJ other chotce of clemcnf:S-

4 and 3 are
inverse of each
other.

W)+ 3= 3+I=0

1+2=0 alse
O+0=0

A non-emp l‘j

binary operation % is call€

arouPol'oL. dt s denoﬁgz%\g@ (s, %)

Exampled. The
under additis
. E+E = RV ;
§+ 0=0 3

- {E 1'0} is jroupoici
Example 2, The set of Natural

~umbers is nol closed under

' is closed-

O+E= O
O+0=E

For U,5€6N y.5=-1£N
Thus (N, =) is not 3roupoid.
vnder ‘=’

Se.mi'-graup;-— A Non- cmpf:j

Sd‘ i ca_lleaf. sermi group if.
i it 1S C,OSECL Uﬁdﬂr' binarj
OPEr‘ah'on 31"/8!1;.

i The binary oFeraHan i 5

associq !:fve, _

-« closed vnder given (|8
RO
2>

www.pakcity.org

Exampleq, The set of
natural mos ‘N’ under binarj
operation '+’ is Sewni- Qroup
. (-e., B.O "+’ is defined in N
i. for any three elements
a,b, céN

(a+b)+c= (b+c)
c-e., Associabve law holds.
o Bolh conditions for semi-

_.grouP are SGE'SF'.QAf.

MOF’O?A:"' A NnonN crnpl:j set
i< called Momroid- |
g4 is closed or-t given binary

I
opera Hon. %
1. Bitary operation % is associatve

(O . B
The zet has urlprn'{j- clément
vt rd Ew'rmrj apera Lo ’(

Exdﬂ!'f’ﬁ" if 2’ {0,1,2,3,.. ]
. 2’ is clesed w.r.l ¢+’
b bindry OPemHU”""’is asso ciabive
W ‘o' s :‘denl—:'{-j elerment w-r-t
Rinary oFeraHbﬂ'+'.
~. iven set is ManoioL.

G“'I’OU law A NaN- cmPL-j set &

is called a grovp wer-t Binary
Operab'an X
i Ot is closed under Binary

operation % 1f

e, Va,beG; a%bEG
i, Binary Operah“on ’s associative

v a,bec €6 (axb)¥C= a % (bx¢)
i. Gt has idenbiky element wer-t

Binarnj Qperal-.'on %

EL'-Q',V o € (n 336(}‘ s-t

a,'i‘e-':e".x..a'ﬂa' tben

o is idenbity element.
of G—,

w. E vertj eIngnt

45
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has qn inverse in wWep
e Alsa clearly |42 0o s

Binary oPercrl:fon C—-e.,
Hence the result.

a.-i(-a,/ = CL/ XQ= €
‘eG is called inverse Examplc 1= Consider the set
Rinary ¢ {',-I,L',-L':f ot UF
vatiPln'ca Lron table and shor
| hat the cet is an abelion grovz

Abclian gnwpx- A group G .
snder Binary operation % s onder -
called. abelian grovp if Binary Salutfan;.—

o,oeml:t'on is cammu tative
c-e.,Y a, b€ G ) C,f&al"{j S
. . s ¢ loced wr
o xb=hbxa oy

Finiic group:- A 9rovp i) ‘s’ s associakive
Gn "'IdVinj {5-'n$tc Aumber "f

is called frnite qrovp: M\;’\\‘.
@%{) -¢-) 1=-1, ¢ =-¢

Ihf ,nitﬂ 5r0UF;'-—' A 3/"‘%”
. P “\\*I (\E/“ -/ _ R
havmj in{:—in”:e ﬂurrgb;i }yé/@’\“vaf o C | ’ -C = ¢
A\ A Y all ('ommufa{‘l'\/L i) CasSe

| O\ O\Sh. V)
el S ! lied |
E e””e”i Sf,fﬁ@( £ 2 of C. Hence the resvlt.
mp[e = -
Xa f ei=9f $=140,,2 E,mmfyl‘:-— Let @G be the stt

The oPmb’on ‘o Perﬁrmei of all X2 non-s:’njulqr rea.l
R4 EQHE maltrices, then under the r'ﬂa.'
show that 5 mull-fPh'Cn tion of matrices, G 1S
's  abeliar a non- abelian group.
Under" , n Sald;on’c, _
Solutiom: - Lot o be the sebo of all 2x2
nen sfhjular matrices over R.

) Clearly S is closed under+’ & let aB iS also matrices
of same order € 6.
1) @ 15 closed in &
Lion is associative

i) The o':teral:ion s Qssociative
(-2, o+(i1+2)= 0 +0 =20

= |+ p A —- .
.LO.H)+2 |r ) 'at- -“) Ma{rﬁt mUlehca
i) Tdenbity element 0" €X'3 : (A-B).C= A(B-O) VABCEG
Y) Inverses of all e lEPTJEVJtSJ i) The un'r{ malrix. I"'Eo ?] & &
QXI-St, €.q., L s ,‘denHL‘j e[emgnf in Gz
0+0=0, |+2=0 Cadleg |¥) The inverse of each elernent
= OﬁO’ | /.2:':' e)(;s-kj;né"
q
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Reversal Law of inverses

9 a,b are clements of a grovp

G, then show tha t'
(o.b) = b-IO.a
Proof:~
(a b)(g'of')=o_(bg')d' ( Assoc. Law)
_aed
= O-a-:‘
= e
Also, (6 a.')(ab); b-'(d a)b
/::' L eb
. = b'b
&) -2
féé‘”’:{;nd 5 a are inverset °f
\ -1 =1
each other b'a'
Live - Lnverse of _ﬁ-b 'f' ,
(-e., (&b = -
Solu[i’on af [iméar ea(uafians

@, b be"r—’j elements Of- 28 jroUP 61,

solve the f-o"oWn'l'lj e_cyuq{-ionsz
ii) a= b

SO,V“anf' ) ax=b

H) Xa = b

-+ (xa)a = ba’
+ % (aa')= ba (Assec Law)
-1
o ‘X.E-.-..bo.. (‘:aé_'ﬂe)

o S & bd'

471
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Exercise 2.8

Qi OPCV‘GHOH @ Performt!oL on
* the two-member set G'\--'io,l}'

. <hown in the adjoining  table.
Answer the following guestions:—

Solykion:- @ |01

Theorem:= % (6,%) is & gewp
with e ts I'Jentifj ) then e is unigqve.

| ’*' Pr‘.f:"' we SUPPO.SC cantrarj
that e and ¢ be tWo oli fferent

_ o — (W
so by (1) and. cu/) lerment if - exdghsi “nn
o xe = X € Here O 5 udenf”j in (.
53 left cancellation o i) what s the inverse of 17

v |41 =0 ((.-'C-) ,‘Jenl'} EJ E.’Cf'ﬂenf)

co inverse of 1is 1
i) Is the set @, uvnder the given

p . Abelian or
(Opera tion a. grovp ? norApelian ?

Theorem:= 5f (G, %) is a grovp, )G is closed under

e\ O
and. Q E':G!) there 's a un,'%@;\

HenNce iden’:;l‘.j of Q. 3r‘oup 'S

alwajs true.

. - 4
+ & IS associative g b+
; ¢
'S ;cJer)(':{'j Aoy ot "

inNverse.. arl {\@\/ + o€ o f
,’\\}\7 e lernt nt exXI1sts
Pl’”f:- we SUppos &fontr‘arj + TInverse °f each el =
/ 7 \_,: 'n &6 C-¢. O+ 0= 0 30 9"0
that o and @i be two (+1=0 so 1 = |

W%
different :r\ﬁ{%ﬂs Of o. € &
where G}Q*Eemj qroup- then

+ cammuatative law helds in G
(=t., |+ 0= o+ )
- so G is abelian qroup onder ‘+°

*QZ The OFeraé_'h”(‘BaS performed

e on th
| e Set {o, 2,3} s shewn

|in the acffo:'m'n {_a“e h
y % a , Show th
o ko = & e the set is an jﬁbch'an 3ra:[’? .
By Left cancellabisn law .
Sd’v{ian;..

7 (a con tra dic Hon)

a.’ = Q
Of each e!emmt i) S 1S r_lase.o(.
onder '+’
(3‘: is clear from
tablc)

,T.'i) 9': 'S clear the Sel'; 'S aSSacial-:'ve
nerot
'“i) 0 18 idenb I:J element

Hence iMVErse
f a qrovp g s uvnique.

iv) Each elermenl hag inverse

4+ 3= 341 = p aﬂd_

A ww.pakcity.org
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o) ¥ ,0€E @=40,,2,3f 1r0=0a+/=1 , Sofufi'on:-'
) E‘f‘E :':E (Eth)

E+O-.-.- O (OJGD
O"'O e E (EVE’))
Here E s identity element.

=y (71 1S abelion

03 For tach of the following sets,

’ determfne whether sr not +the
cet forms a group with respect b

the indt‘cal:ﬂd- OFerqE:'on.

i) «+ Table shows the set
i)-ﬂqa je,t th I"aHonQ‘ Nos. e

Solytion:-
Q = set of rabional Na's.

- t oup wert ¥
is mot a grovp

: ')
.+ nverse oJ’_ 0 were b X J.OCS

sakishes the closure law wer-E
'+ wall elements of fable € fE,0f

the set s assocrabive vnder ‘3’

(0+E)+0 = 0+ (Eto0)

not ewrst. 0;0 E= 0+0
i t of rghbsnal nos. .3 - .
:{ "lrhe set °f ra + Eg\'f' .‘denhtj e{E,o}
0N = Q)
Solv 0, +) # \Each element has inverse
(& s & Jrofp OQ’Q\ (6+E=£E10 and E+E= 0 and
; AN\ <
i) The stk of tive @O 0+0=0)
r‘aHonal ﬁumbers ﬂjﬁ;y X & cOmmuta['l'VC 'Qlﬂ/ hdlds
/«J'Q} \ A
Solufion:— @B&\ (O+E = E;‘-O)
3t is a gre Wty so set { E,0f is abelian grow.
V) The set ”‘"“jﬂ@i{n{ - : |
ofintagers ¥ Qé Show that the set
So'ul'l'of'li.- .

f1,u,w" |, when w=1,is an abelan
grovp wer-t ordinqrj mulbiplica ti'on.

Sﬁlytian,'- Let S= {u_,w,w"j

3t is a grovp w-r-t '+’
V) The set of integers x
Solvtior:—
St is mot a group.
1 'x’inverse of ‘o' dies net exist.

QZ’. Show that the ao'joining

table represents the sums

DJC the elements o}'. Eﬂn
the set {E,0f E|E|0 snder %

what is the identity [oTo E| li) 1,w,w*€sS
. ‘element of the set? (1)t = 1. (-

Show that the Set 'S an - LAJL = L wB

3 3
w” = J -i-’:_..,

. Assoc. Law holds uvnder ‘x*

1) C_qurfj f-r'om table S 1s closed

abelran 3;/00{7,

49
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i) 1 is identiby element under % | 0 LY e

iv) Inverse of each elemenl enists. | Now
As IXl=1 = i =1 | XY= (a+Bb)+(c+3d)

wXw =/ —*w_‘-‘"“’ = (a+c)+ BLb+d) EG
orxwe | F (W)= W c ._.(a_f_C)’(b-fal)éQ

i) Associakive law wor-t '+

(clear from table) heds in &
— S Is an ;be?:tn 3('00[3 Lol % = a_,_JSL, , J.—: C+JSOL
unaoer ’ = €+\.Ef‘ OJL‘)CJ"[;EJ)CEQ
Qé ﬁf (7 iy o 3rOUP under H)g then 'x.,'j,Z&G"

: e i
operation . and a,b € G, “.(j_,_z)___.(a+_r;1,)+[((+ﬁd)+(e+~l3f))

-,Li'ni the solutions af the
= (a+D3 b)f[(u—e) t JSL"L'LH]

eqpuations a Xxx=b . x.x-a-b
Soluﬁ’an:—- | 4’9@*-@ +c+e)+ I3 (b+d +f)
Ve I;f—ﬁ;\:,, z/
A $aed O < [(ar )t Frd)] + (4 BS)
- Q X)) = o N
a (o %)= ‘:L X b r"ﬁf\}:‘N = (x+Y) 2
- ] _ -1 WA .
-> (Q' a)-z(-7(=la ';.('bg?f§i®1)GW) i) o+ J3 0o &€& 15 idenf."’-'j
-\ e X A = a-.-. '%\bg\qgﬂ,raﬂ g w-r'f: o+
-, AN W) For (a+fBbleGa , 3 -a-HBbea
Cor o x\xdw . (et Bb)+(-a-Sb) = ot S50
| :—, ’ (-e., iNVerse of each elerment of
o (x X‘a)a = bf‘_a- G exisks.
b x i (ad')= byl (Assoc law) [ Commotative law et 5
halds in &

; o = -
= XX € = bXa (- aa_|= e)

il (-€., X+Y= Y+ X VX,';’&GT
-+ A =bNa ’ . .

RS y -2a+8Bb, J=c+Bd

t t the set conSESI:in
Q Show tha J vy o (ar BB e B,

v # the elemcnbs °,f the for'm
a+Gb(a,b being rakional), is . (a+c)+ V3 (bte)

an abelian grovp wrt additer: - (cea) +3 (d+4)
Solutlbn:"' Q} = Y4 z
ot G=f{atbi3 |abe & I akilet S

) G is closed wert '+
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(8, vetermine whether (PLs), ),

shere X stands for intersection ! | | o
s a Semi-qrovp & monoid or ¢ % b=(axa)kb g (1)

ne:{;htr QJL :{: 15 monmd, chcsz

Ls idenktity.
So]uffon:-- Given that

p(s5) = Power set Of set:S

( {rom ta blc)

By (1)

{
N

- W b= C

Here X means () so third row becemes as

5 p(Ss) s closed wert X b[<[ o
Let s, S € PCs) Qio Prove that all 2X2 Mon-
: Sinjular' ma trices over

the real [ed form o mon-

abel: N ‘3"0"}’ vnder mu”.'lPhca{;ron.

1) p(S) helds associative |aw

wrt % @dhn -

ﬂ\\

2{: S| 2 SI.. ) 53 6: PCS) /i\
then S, % (S, % S3)= (Sl"?Sl)@SS See ExamFle at
- S, N3 N33) = ﬁy@f&)rﬁ; Paje ¥ 46
1) P(S) has ro JAE\'Q\‘kj elemenf.
(“x
SO P(S) S | - 0
GO semingrop

onder % But P(5) s not

Q9 ComP!ete {'hc fo!lowmj l:able_

F rom fablc

o. XA = ¢ — (i)

(X% O = (O O) KO By (1)
_ a % laxa) '=Assoc.)
Law

5 |
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