MATHEMATICAL REASONING

o o

STATEMENTS

Sol.

Sol.

In reasoning we communicate our ideas or thoughts with the help of sentences in a particular language.
“A sentence is called a mathematically acceptable statement or proposition if it is either true or false but not both™.
A statement is assumed to be either true or false. A true statement is known as a valid statement and a false
statement is known as an invalid statement.

A sentence which is an exclamatory or a wish or an imperative or an interrogative can not be a statement.

If a statement is true then its truth value is T and if it is false then its truth value is F

(i) "New Delhi is the capital of India", a true statement
(i) "3 +2=16", a false statement
(iii) "Where are you going ?" not a statement because it cannot be defined as true or false

< A statement cannot be both true and false at a time

Which of the following sentences are statements :
(i) Three plus two equals five.

(ii) The sum of two negative number is negative
(iii) Every square is a rectangle.

Each of these sentences is a true sentence therefore they all are statements.

Simple Statement

Any statement whose truth value does not depend on other statement are called simple statement

" V2 is an irrational number" (ii) "The set of real number is an infinite set"

Open Statement
A sentence which contains one or more variable such that when certain values are given to the variable it becomes
a statement, is called an open statement.

e.g. P :‘Heis a great man’ is an open statement because in this statement, we can be replaced by any person.

Compound Statements

If a statement is combination of two or more statements, then it is said to be a compound statement.
Each statement which form a compound statement is known as its sub-statement or component statement.
For Ex.

(i) "If x is divisible by 2 then x is even number"

(ii) "AABC is equilateral if and only if its three sides are equal"

Which of the following sentences are statements :

(i) Give me a glass of water. (ii) Is every set finite ?
(iii) How beautiful ? (iv) Tomorrow is Monday.
(v) May God bless you !

None of these sentences is a statement
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LOGICALLY EQUIVALENT STATEMENTS

Ex

Sl

P il stateene s 5o g, e dand 8 Qe s as ssid el loggcal y cyaivalont oo simpbe cguivg i’
e b s tean b vialnes Bee all boeeica Ly poogsiczilines

T starements & and 5, are cqrivalenr iF they avz identical tuth tab'e e, te cntrizs in the Test calumn o te2’r
rraf rahle arz same, Toaatoments 3 and 5, arc cquivalent tor wewrk: 5 =5,

For Ex, T truth table for (e —e o sndd Up o ql given g below

') F I I
k| F F F
|ERLy E L T il
FIF| T T T |

W nbyseree Uil L] e codurmg o0 the tzeve frull ke are idenlical aerse goopcand sty
I_": ERTH arul o - (R s ] t'i.ll.i'-'iillr!lll
s [P=s = e

Equivalear soaccmenr of the staremens if &= 0 than 27— 5",

LS TP | T R [ Ranll HIRC |
copuivalovlstawimenl will 8 s 1 o B4=5

aT a0 oo 273

TALTOLOMY AND FALLACY J CONTRADICTION

(m

fiil

Tirdalazy ;A slalerngnl iz gaid b b tauslooe (00 b e Doeall B el poeeibolifies
L el i lae bty 1AL s denadel by,

Fur P b slatsengnl p oo =g~ o) s avolegy

P g dp sl v = apaog)

Ti7l T F T
TIF| T T T
Fll F Tl |
r|rl 1 T | [

Coearle, The woth ovalve sl poe cap s qd ™ T Rl wadoes o 2 and oo s posc- Opoaog)os i Lelogy

T

Uit easducd oo = Astadercnl " eeanssdieten 0 Glse Doeall lagacal posaitililice,
vy A T ealac alwavs FoT0 b dennled by e

Foe s Thee st zmenl o gl e e =20 a eaansdicisn

P4 P pygil-pas =gl vy gha (= pen-yl

0 1 o ! I’ r F

T | T [Slel T T 1§

8 T | I’ F | F

FIFI ]l T| ¢ I | [
Colearhy theram b value alypee g = Lona e ia bR allvalue ol poand go Sadpee g e G 0 = eecsadiznine,
o The negation of a tactelozy is & crrtradiction and nazation ol a contradicron is a tamwo’ ey

B Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035

+91-9350679141



MATHS FOR JEE MAIN & ADVANCED

ALGERRA IV STATEMENTS

I p. g rave aree thaca #atorcrts then e some law of aleebra of soacnors arc as fodlow
(i Tdempoeene Larrs

(AYpap=p (Wppsp—n

e, pap=—p=-p¥7

[in Commniubarive laws

AJE~g=gap (Bipwqg=gvp
1

T8I Ty T T 05T
LK F K T
| r I ' | {
rr r F 3 T

ik Assnclative laws

AR LA I R ]
(EHp -l wr=p < (g =)

P Fodna gy el (pa

LR SE T I T
TRl I | ¥
5 o [ F F F
111 ] ) et L | ]
Flafa] ® I F ¥
I'T|TI r ' T T
LTI [ r r 15
NNt 1 | ]

Similary we ean provecd veanl CF)
[ixh Distribeitive Baws 0 (Alpaigrn=lpadlvipanl 0y Algani=ipagialparl
(Eppwigar=Cpwgladpert D pwgeri—rgy Qe e

RN USRI S o S R O O SR 1 R R | BT T

Similusly wicom prove TesudUEE Y, 00, (0

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



MATHEMATICAL REASONING

i

0

(v

[vhith

[ixh

(%}

T

10y Hl']l_ll"gull Larws; [Ap- g ;_.]:-J_'l P

(B -pwsi—-pa

(LHR T il R ¥ SV E R | T T M R |

A <31 I I

Lidzs iE 0 °E: T T
oo 5 i k F [ |
8 PO | | | | l

Bimilariy we cen proved resul (B

Trewed i en fves o Thpmirie mis iU HTE, Sy {-PJ:}-

Ldeotity Livws o Wp s o stabamen e Cund @ ome Galoey jod Soolradiciion respesively Len
Aipal=p (rp~i=1 Wipre=u (LHpee=

Pt et Ap Al dp e vl

Cromgelensent Tang
(Aipat-pr=t [HEp L= (L —i (=1

Hieanditinmal Statement
PAPRH QA PP+ P g=Ip—+glo lg— Db

11 L | 1 : L
11 I | | I
KT I K I I I
a2l 1 | I B T

A ) e e s TR ivElent oo

Ape gl s CpAagIs g acap) Wi Ay [y Deioocsga Line

] L T B izl e laves)
cope L (b connezlecnenn fwe
= -p 1B [demtiny Lanysd

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



MATHS FOR JEE MAIN & ADVANCED

SEGATION O COMDNILINDG STATEMENTS
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Sol.

Sol. (i)

(i)

(i)

Ex.
Sol.

Write Negation of the statement p — (q A 1).
~(p—>(qAT)=pA~(qQAT) (r ~pP—>9=pr~q)
=pA(~qv~T)

Write the negation of the following compound statements :
(i) All the students completed their homework and the teacher is present.
(ii) Square of an integer is positive or negative.
(iii) If my car is not in workshop, then I can go college.
(iv) ABC is an equilateral triangle if and only if it is equiangular
The component statements of the given statement are :

p : all the students completed their homework.

q : The teacher is present.
The given statement is p and q. so its negation is ~p or ~q = Some of the students did not complete their home
work or the teacher is not present.
The component statement of the given statements are :

p : Square of an integer is positive.

q : Square of an integer is negative.
The given statement is p or g. so its negation is ~p and ~q = Their exists an integer whose square is neither positive
nor negative.
Consider the following statements :
p : My car is not in workshop

q : I can go to college

The given statement in symbolic formis p — q

Now, ~(p—>q) = pA(~q)

= ~(p = q) : My car is not in workshop and I cannot go to college.

Hence the negation of the given statements is “My car is not in workshop and i can not go to college”.

(iv) Consider the following statements :

p : ABC is an equilateral triangle.

q : It is equiangular

Clearly, the given statement is symbolic formis p <> q.

Now, ~(peqz=(PAr~qQV(~pArq)

= ~(p — q) : Either ABC is an equilateral triangle and it is not equiangular or ABC is not an equilateral triangle
and it is equiangular.

The negation of the statement "If a quadrilateral is a square then it is a rhombus"

Let p and q be the statements as given below

p : a quadrilateral is a square

q : a quadrilateral is a rhombus

the given statement is p — q

" ~p—>q)=pAr~q

Therefore the negation of the given statement is a quadrilateral is a square and it is not a rhombus
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DUALITY

Two compound statements S, and S, are said to be duals of each other if one can be obtained from the other by
replacing A by v and v by A

If a compound statement contains the special variable t (tautology) and ¢ (contradiction) then obtain its dual we
replaced t by ¢ and ¢ by t in addition to replacing A by v and v by A.

@) Duality of Connectives : The connectives A and v are called duals of each other.
(ii) Duality of Compound Statements : Two compound statements are called duals of each other if one can be
obtained from the other by replacing A by v v , v by A, tautology t by fallacy f and fallacy f by tautology t.
Ex. A) The compound statements (p v q) At and (p A q) Vv r are duals of each other.
(B) The compound statements (p Aq) v (rvt) and (pv q) A (r A f) are duals of each other.
(iii) Duality of Logical Equivalences : Two logical equivalences are called duals of each other if one can be
obtained from the other by replacing A by v and v by A .
Ex. (A) The logical equivalences ~(p Aq)=~pv~q and ~(pvVv q)~pA~qare duals of each other.
(B) The logical equivalencesp A(qVvr)=(pAq) V(pAT)
and pv(gar)=(pVvq) A (pVr) are duals of each other.
( )
r & J N
(i) The connectives A and v are also called dual of each other.
(ii) If S*(p, q) is the dual of the compound statement S(p, q) then
(A) S*(~p,~q)=~S(p,q)  (B) ~S*(p, q) =S(~p,~q)
(iii) Let S(p, q, 1, ) be a compound statement in terms of finitely many statements p, q, r, If S* (p, q, r, ) be the dual
L compound statement of S(p, q, 1,......... ), then~S*(p, q, 1, ...... )=S(~p,~q, 1, ........ ). )
Ex. The duals of the following statements
(D) PArgv(rvs) (i (pvHA(ve) (i) ~pAqVvIpA~(qVv~9)]
Sol. . () (pvaA(ras) (i) (pAc)vpAD (i) ~(pv A [pv~(qr~s)]

VALIDITY OF A STATEMENT

(A)

(B)

There are four methods to prove validity of a statement.

Direct Method

(i) To prove that “p and q” is true, show that both p and q are true

(ii) To prove “p or q”, show that any one of p or q is true.

(iii) To prove p — q, assume that p is true and show that q must be true.

(iv) To prove p <> q, show that if p is true then q is true. Also show that if q is true, then p is true.

Contrapositive Method

To prove p — q, assume that q is false and prove that p must be false.
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©)

(D)

Contradiction Method

To prove that a statement p is true, we assume that p is not true, then we arrive at some result which contradicts our

assumption. Therefore, we conclude that p is true.

Counter Example Method

To show that a statement is false, we give an example where the statement is not valid. Note that this method is used

to disprove the statement. Giving examples in favour of a statement cannot prove that the given statement is valid.

CONVERSE, INVERSE AND CONTRAPOSITIVE OF THE CONDITIONAL STATEMENT (p — q)

Ex.

Sol.

(i) Converse : The converse of the conditional statement p — q is defined as q — p
(ii) Inverse : The inverse of the conditional statement p — q is defined as ~p — ~q

(iii) Contrapositive : The contrapositive of conditional statement p — q is defined as ~q — ~p

Ifx =5 and y =-2 then x — 2y = 9. Write the contrapositive of this statement.
Let p, q, r be the three statements such that

p:x=5, q:y=-2and r:x-2y=9
Here given statement is (p A q) — r and its contrapositive is ~r — ~(p A q)
Le.~r > (~pv~q)

le. ifx—2y#9thenx#50ory=-2

VALIDITY OF AN ARGUMENT

An argument is an assertion that a given set of statements s , s, .... s, implies other statement °s’. In other words,
an argument is an assertion that the statement ‘s’ follows from statements s, s, .... s, which are called hypotheses.
The statement ‘s’ is called the conclusion.

We denote the argument containing hypotheses s , s,,.... s. and conclusion ‘s’ by

S5 Sy e S 58 or
SIS s, /-s or
(S, ASy A AS) S or

S

n

SO s
The symbol “/-” is read as turnstile.
An argument is said to be a valid argument if the conclusion ‘s’ is true whenever all the hypotheses s, s, ... s are

true or equivalently argument is valid when it is a tautology, otherwise the argument is called an invalid argument.
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(ii)
(iii)

(i)

(iii)

(iv)

Important Points to be Remembered

The number of rows of table is depend on the number of statements.

(A) If p is false, then ~p is true. (B) If p is true, then ~p is false.

(A) The converse of p = q is q = p. (B) The inverse of p = qis~p = ~q.
The contrapositive of p = qis ~q = ~p.

A statement which is neither a tautology nor a contradiction is a contingency.

Validity of Statements
Validity of a statement means checking when the statement is true and when it is not true. This depends upon which

of the connectives and quantifiers used in the statement.

Validity of Statement with ‘AND’

If p and q are two mathematical statements, then in order to show that the statement ‘p A q’ is true, the steps are as

follow :
Step I : Show that the statement p is true.

Step II : Show that the statement q is true.

Validity of Statements with ‘OR’
Ifp and q are mathematical statements, then in order to show that the compound statement ‘p or q’ is true, as follows.
Case I Assume that p is false, show that q must be true.

or

Case II Assume that q is false, show that q must be true.

Validity of Statements with ‘If-then’

If p and q are two mathematical statements, then in order to show that the compound statement, ‘if p then q’ is true,
the step are as follow

Step I Assume that p is true.

Step II Prove that q must be true i.e.,p = q.

Validity of the Statement with ‘If and only if’

In order to prove the validity of the statement ‘p if and only if q’ the steps are as follows
Step I Show that, if p is true, then q is true.

Step IT Show that, if q is true, then p is true.
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