Chapter 13

Mathematical Reasoning

Statement-1 : ~ (p <> ~q) is equivalent to p < q.
Statement-2 : ~ (p <> ~q) is a tautology.

[AIEEE-2009]

(1) Statement-1 is true, Statement-2 is true;
Statement-2 is not a correct explanation for
Statement-1

(2) Statement-1 is true, Statement-2 is false
(3) Statement-1 is false, Statement-2 is true

(4) Statement-1 is true, Statement-2 is true;
Statement-2 is a correct explanation for
Statement-1

Let S be a non-empty subset of R Consider the
following statement :

P : There is a rational number x € S such that
x> 0.

Which of the following statements is the negation
of the statement P?

[AIEEE-2010]

(1) There is a rational number x € S such that
x<0

(2) There is no rational number x € S such that
x<0

(3) Every rational number x e S satisfies x <0
(4) x e Sand x <0 = x is not rational

The only statement among the followings that is a
tautology is

[AIEEE-2011]
(1) [Ar(A—>B)>B

2 B—o[AA(A>B)

3) AA(AvB)

4) Av(AAB)

The negation of the statement

"If | become a teacher, then | will open a school",
is [AIEEE-2012]

(1) Either | will not become a teacher or | will not
open a school

(2) Neither | will become a teacher nor | will open

a school

(3) I will not become a teacher or | will open a
school

(4) 1 will become a teacher and | will not open a
school

Consider :

Statement -1 : (b A~q) A (~ p A Q) is a fallacy.

Statement -l : (p > q) & (~q - ~p)is a

tautology. [JEE (Main)-2013]

(1) Statement - | is true; Statement-Il is true;
Statement - Il is a correct explanation for
Statement - |.

(2) Statement - | is true; Statement - Il is true;
Statement-Il is not a correct explanation for
Statement-I.

(3) Statement-l is true; Statement - Il is false.

(4) Statement - | is false; Statement - Il is true.
The statement ~(p <> ~q) is  [JEE (Main)-2014]
(1) A tautology

(2) A fallacy

(3) Equivalentto p <> q

(4) Equivalentto ~p <> q

The negation of ~ s v (~ r A 8) is equivalent to
[JEE (Main)-2015]

(1) sA~r (2) sA(ra~ys)
(3) sv(rv~ys) @4) sAar
The Boolean expression (pA~q)vqv(~pAaq)
is equivalent to : [JEE (Main)-2016]
(1) prq 2 pva
3) pv~q @4 ~pnrq
The following statement (p > q) > [(~p > q) »>
ql is

[JEE (Main)-2017]
1
2
3
4

Equivalentto ~p — ¢
Equivalentto p —» ~q
A fallacy

A tautology

~ o~ o~ o~
—_ ~— ~— ~—
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The Boolean expression ~(pvq)v(~pAaq)
is equivalent to

[JEE (Main)-2018]
(1 ~p @ p
3) q 4 ~q

If the Boolean expression
(P ®q) A (~POQ) is equivalent to
p A q, where ®, o €{a, v}, then the ordered pair
(®,0) is
[JEE (Main)-2019]

2 (v, v)
@ (A V)

(1) (v, A)
@) (A A)
The logical statement

[~(~pvagv(pasrn A(~qgnr)is equivalent
to

[JEE (Main)-2019]
(1) banNA~q @2 (pr~qvr
@) ~pr~qar (4 ~pvr
Consider the following three statements
P : 5is aprime number.
Q : 7 is a factor of 192.
R : LCM.of 5and 7 is 35.

Then the truth value of which one of the following
statements is true?

JEE (Main)-2019]
M -P)A(~QAR)

2 ~P)v(QAR)

@) Pv (~Q A R)

4 (PAQ)v(~R)

If g is false and p A q <> ris true, then which one
of the following statements is a tautology?

[JEE (Main)-2019]
(1) pvr @ (pAn—->(@vrn)
@) (pvn—>(Aar) @) pnar
Contrapositive of the statement

“If two numbers are not equal, then their squares
are not equal.” is [JEE (Main)-2019]

(1) If the squares of two numbers are equal, then
the numbers are equal

(2) If the squares of two numbers are not equal,
then the numbers are equal

(3) If the squares of two numbers are equal, then
the numbers are not equal

(4) If the squares of two numbers are not equal,
then the numbers are not equal
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The Boolean expression ((p A @) v (p v ~Qq)) A
(~ p A ~ q) is equivalent to [JEE (Main)-2019]

(1) prgq @ ~p)r(~q)

@) pr(~q) @) pv(~q)

The expression ~(~p — q) is logically equivalent
to [JEE (Main)-2019]
M pPArg @ pAr~q

@) ~pA~q @) ~pArgq

The contrapositive of the statement “If you are born
in India, then you are a citizen of India”, is:

[JEE (Main)-2019]

(1) If you are born in India, then you are not a
citizen of India.

(2) If you are not born in India, then you are not
a citizen of India.

(3) If you are a citizen of India, then you are born
in India.

(4) If you are not a citizen of India, then you are
not born in India.

Which one of the following statements is not a
tautology? [JEE (Main)-2019]

(1 (prq) —>(~pP)vgq

@2 (prg) —p

@) (pva)—(pv(~q)

@) p—>(pva)

For any two statements p and q, the negation of
the expression p v (~p A q) is [JEE (Main)-2019]
(1 ~pr~q @ ~pv~q

@) prgq @) p<q

If p=(qvr) is false, then truth values of p, q, r
are respectively [JEE (Main)-2019]
(M T,FF @ F FF

@ TTF @4 FTT

Which one of the following Boolean expressions is
a tautology? [JEE (Main)-2019]

(M (pva)vipv~q) 2) (prg)v(pr~q)

@) (pva)a(pv~q) @)

The negation of the Boolean expression
~ S v (~r A s)is equivalent to [JEE (Main)-2019]

@ r
@4) svr

(Pva)A(~pv~q)

(1) sAr

@) ~sA~r
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If the truth value of the statement p —» (~q v r) is
false (F), then the truth values of the statements p,
q, r are respectively [JEE (Main)-2019]

MFETT @2 TTF

3) T, FF @4 TFT

The Boolean expression ~(p = (~q)) is equivalent
to [JEE (Main)-2019]
(1) (~p)=q @ pva

@) prg @ g=-~p

The logical statement (p = q) A (@ = ~p) is
equivalent to [JEE (Main)-2020]

(1) ~q @ p

@) q @) ~p

Which one of the following is a tautology?

M Q> (PAP->Q) [JEE (Main)-2020]

2 Pv (PAQ

3) PA(PvQ

@4 PA(P—>Q)—>Q

Which of the following statements is a tautology?
[JEE (Main)-2020]

1) ~(pAr~q)—>pvq
2) pv(~q)—>pnrq
3) ~(pv~q)—>pvqg

4) ~(pv~q)>prq
Negation of the statement :

(
(
(
(

“J5 is an integer or 5 is irrational’ is

[JEE (Main)-2020]
1) /5 is not an integer and 5 is not irrational
2) +/5 is an integer and 5 is irrational

(
(
(3) V5 is not an integer or 5 is not irrational
4) /5 is irrational or 5 is an integer

If p > (p A ~q) is false, then the truth values of p
and q are respectively [JEE (Main)-2020]

M TT 2 FF
3 TF @4 FT

The contrapositive of the statement “If / reach the
station in time, then [ will catch the train” is

[JEE (Main)-2020]
(1) If I will catch the train, then [ reach the station
in time
(2) If I do not reach the station in time, then / will
catch the train

(3) If I do not reach the station in time, then / will
not catch the train

(4) If I will not catch the train, then / do not reach
the station in time
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Which of the following is a tautology?

[JEE (Main)-2020]
(1
2
(3
4

p)A(pvQq)—>q
avprg) —>q
p—q)A(q—p)

(@—>p)v~(p—>q)

) (=
) (=
) (
)

The proposition p —>~(pA ~q) is equivalent to

[JEE (Main)-2020]

(1) q @) (~p)rq

@) (~p)v(~9) @ (~p)vq

Let p, q, r be three statements such that the truth
value of (p A Q) = (~q v r) is F. Then the truth
values of p, q, r are respectively

[JEE (Main)-2020]
1M TFRT 2 FTF
3) TTT 4 TTF
Given the following two statements
[JEE (Main)-2020]
(S4) : (@ v p) = (p <> ~q) is a tautology :
(S,) : ~ g A (~p <> q) is a fallacy. Then :
(1) only (S,) is correct.
(2) both (S,) and (S,) are correct.
(3) only (S,) is correct.
(4) both (S,) and (S,) are not correct.
Contrapositive of the statement
[JEE (Main)-2020]

‘If a function f is differentiable at a, then it is also
continuous at &', is

(1) If a function f is continuous at a, then it is
differentiable at a.

(2) If a function fis not continuous at a, then it is
not differentiable at a.

(3) If a function fis not continuous at a, then it is
differentiable at a.

(4) If a function fis continuous at a, then it is not
differentiable at a.

The negation of the Boolean expression x <> ~y is
equivalent to [JEE (Main)-2020]

(1N xa~y)v=xny)
@ xay)v=xnr~y)
@) xay)al=xv~y)
@) ~xry)v=xnr~y)
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The statement (p = (q = p)) > (P > (P Vv q)) is
[JEE (Main)-2020]

(1)

(2) Equivalentto (pv q) A (~p)

©)

(4) Equivalentto (p A Q) v (~ Q)

A tautology

A contradiction

The negation of the Boolean expression
p v (~p A q) is equivalent to  [JEE (Main)-2020]
(M ~pva 2 pr~q

@) ~pv-~q @) ~pr~q

Consider the statement : “For an integer n,

if n® — 1 is even, then n is odd.” The contrapositive
statement of this statement is [JEE (Main)-2020]

(1) For an integer n, if n is odd, then n® — 1 is
even

(2) For an integer n, if n is even, then n® — 1 is
even.

(3) For an integer n, if n is even, then n® — 1 is
odd.

(4) For an integer n, if n® — 1 is not even, then n
is not odd.

The statement among the following that is a
tautology is : [JEE (Main)-2021]

1) Av(AAB) (2 B—>[AA(A—> B)
3) AA(A—>B)]>B 4 AA(AvVB)

For the statements p and q, consider the following
compound statements: [JEE (Main)-2021]
@ (~aa(p—aq)->~p

(b) (Pvar~p)—q

Then which of the following statements is correct?
(1) (a) and (b) both are tautologies.

(2) (a) is a tautology but not (b).

(3) (b) is a tautology but not (a).

(4) (a) and (b) both are not tautologies.

The negation of the statement

~pAa(pvq)is: [JEE (Main)-2021]
M par~q 2 ~pvq
@) ~pnrg @4 pv~q

The statement A — (B — A)is equivalent to :
[JEE (Main)-2021]

(1) A>(AB) 2) A—(AAB)

B) A—(A—>B) @) A—(AvB)
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The contrapositive of the statement “If you will
work, you will earn money” is :

[JEE (Main)-2021]
(1) If you will earn money, you will work
(2) You will earn money, if you will not work
(©)
(4) To earn money, you need to work
Let F,(A,B,C)=(A A ~B) v [<C A (A Vv B)]JV~A
and F (A, B) = (A v B) v (B » ~A) be two
logical expressions. Then :

If you will not earn money, you will not work

[JEE (Main)-2021]
(1) F, and F, both are tautologies
(2
3

4

)

) Both F, and F, are not tautologies

) F, is a tautology but F, is not a tautology

) F, is not a tautology but F, is a tautology
[JEE (Main)-2021]

Which of the following Boolean expression is a

tautology?

(1) (Prq)—>(p—>aq)
@) (Prq)v(pva

@ (Prg)a(p—aq)
@) (prqg)v(p—aq)
[JEE (Main)-2021]
If the Boolean expression (P = q) < (q=*(~p)) is
a tautology, then the Boolean expression

p*(~q)is equivalent to :

[JEE (Main)-2021]
(M p=q 2 q=p
@) ~a=p @) p=~q

If the Boolean expression (pAQ)®(p®q) is a
tautology, then ® and ® are respectively given by :

[JEE (Main)-2021]
1) -, > 2) A, >
(3) A, v 4) v, >

If P and Q are two statements, then which of the
following compound statement is a tautology?

[JEE (Main)-2021]
M (P=QAr~Q)=(PArQ)
2 (P=QAr~Q)=P
@) (P=QAr~Q)=-P

@ (P=Qnr~-Q)=Q

The Boolean expression (p A ~q) = (qQv ~p)is
equivalent to [JEE (Main)-2021]
(1) a=p @ p=q

@) p=~q @) ~g=p
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Consider the following three statements

(A) f 3+3=7then4 + 3 =38.

(B) If 5 + 3 = 8 then earth is flat.

(C) If both (A) and (B) are true then 5 + 6 = 17.

Then, which of the following statements is correct?
[JEE (Main)-2021]
A) and (B) are false while (C) is true

1) (

) (A) is false, but (B) and (C) are true
) (

)

2
3) (A) and (C) are true while (B) is false
4) (A) is true while (B) and (C) are false

Which of the following Boolean expressions is not
a tautology? [JEE (Main)-2021]

(1) ~p=q)v(~a=p)
@ (p=a)v(~a=p)
@) @=P)v(~a=p)
@) (p=>~q)v(~a=p)
The Boolean expression

(
(
(
(

(p = q) A (@ = ~ p) is equivalent to
[JEE (Main)-2021]
(1) ~p 2 ~q
@) p 4) q
Consider the statement “The match will be played

only if the weather is good and ground is not wet”.
Select the correct negation from the following

[JEE (Main)-2021]
(1) The match will not be played or weather is
good and ground is not wet

(2) The match will be played and weather is not
good or ground is wet

(3) The match will not be played and weather is
not good and ground is wet

(4) If the match will not be played, then either
weather is not good or ground is wet

The compound statement (P v Q) A (~P) = Q is
equivalent to : [JEE (Main)-2021]

(1 PvaQ

2 ~P=Q) « PA~Q
3) PA~Q

@) ~(P=Q)

Which of the following is the negation of the
statement “for all M > 0, there exists xeS such that
x>M"? [JEE (Main)-2021]

(1) There exists M > 0, there exists xeS such that
x<M

(2) There exists M > 0, there exists xeS such that
x>M

(3) There exists M > 0, such that x < M for all xeS
(4) There exists M > 0, such that x > M for all xeS
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If the truth value of the Boolean expression
(pva)Ar(@—=r)a(~r)) > (pAq)is false, then

the truth values of the statements p, q, r
respectively can be [JEE (Main)-2021]

1) FFT 2 FTF
3) TFF 4 TFT
Consider the two statements :

(81):(p — q) v(~ q— p) is a tautology.

(S2): (pA~qg)A(~pvaq)is afallacy.

[JEE (Main)-2021]
(1
(2
3
4

) Only (S2) is true

) Only (S1) is true

) Both (S1) and (S2) are true

) Both (S1) and (S2) are false

The statement (pA(p > q)a(q—r))—>ris
[JEE (Main)-2021]

(1) a fallacy

(2) equivalenttoq —> ~r

(3) equivalenttop —» ~r

(4) a tautology

The Boolean expression (p A q) = ((r A q) A p) is
equivalent to [JEE (Main)-2021]
(1) prg)=>(nrq (2 (@rnN=(pPrq)
@) pbarnN=@mEnrq @) (Prg=(rva)

Let *, Oe {A, v} be such that the Boolean
expression (p * ~q) = (p O q) is a tautology. Then:

[JEE (Main)-2021]
1) *=A0=n 2 *=v,O0=n
3) *=v,O0=v @4) *=A0=v
Negation of the statement (p vr) = (qvr)is
[JEE (Main)-2021]
(1) ~pAqgA-~r 2 pA~gA-~r
B) ~pArgnar 4 parqnar
Which of the following is equivalent to the Boolean
expression p A ~q? [JEE (Main)-2021]
(1) ~(@—>p) 2 ~(p—> ~q)
@) ~(p—>9q) 4 ~p—~q
The number of choices for A € {A, v, =,<>}, such

that (0 A q) = ((pA~q) v ((~p) A q)) is a tautology,
is [JEE (Main)-2022]

(1 1
@) 3

2 2
4) 4
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Consider the following statements:
A : Rishi is a judge.

B : Rishi is honest.

C : Rishi is not arrogant.

The negation of the statement “if Rishi is a judge
and he is not arrogant, then he is honest” is

[JEE (Main)-2022]
(1) B5(AvO) 2) (~B)A(AAC)
B) Bo((~A)v(~C)) (4) B (AAC)

Consider the following two propositions :

P1:~(p—>~q)

P2:(pA~q)A((~p)vQq)

If the proposition p — ((~p) v q) is evaluated as
FALSE, then : [JEE (Main)-2022]

(1) P1is TRUE and P2 is FALSE
(2) P1is FALSE and P2 is TRUE
(3) Both P1 and P2 are FALSE
(4) Both P1 and P2 are TRUE

The negation of the Boolean expression

((~q) Ap) = ((~ p) v q) is logically equivalent to :
[JEE (Main)-2022]

(1) p=q @ g=p

@) ~(p=29q) @) ~(@=p)

Let A, Ve{a,v} besuchthat p Vq = ((p Aq)Vr)

is a tautology. Then (p V q) Ar is logically equivalent
to: [JEE (Main)-2022]

(2) (pAr)rq

@) (pVr)ng

(1) (pAr)vg
() (par)Aq

Let r € {p, q, ~p, ~q} be such that the logical
statement rv (~p) = (p A @) v ris a tautology. Then

ris equal to : [JEE (Main)-2022]
(1) p @ q

(3) ~p @) ~q

The boolean expression (~(p A q)) v q is equivalent
to: [JEE (Main)-2022]
(1) 9> ~rq) @2 p—q

@) p=>(P—>q) 4 p—>(pvo
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Which of the following statement is a tautology?
[JEE (Main)-2022]
1) ((~
(~a)Ap)A(pA(~p))
(~a)Ap)vipv(~p)
pPAGA(~(pAQ)

Let p, q, r be three logical statements. Consider
the compound statements

Q) AP)AQ
2
3

(
(
(
(4

) (
) (
) (
) (

S;:((~p)v@q)v((~p)vr)and
S,:p—>(qvrn)
Then, which of the following is NOT true?

[JEE (Main)-2022]
(1) IfS,is True, then S, is True
(2) It S,is False, then S, is False
(3) If S, is False, then S, is True
(4) If S, is False, then S, is False

The maximum number of compound propositions,
outofpvrvs,pvrv~s,pv~qvs,~pv~rvs,
~pNV ~rV~S,~pNqV~S, qVIrv~s, qVv-~rv-~s,
~p v ~q v ~s that can be made simultaneously true
by an assignment of the truth values to p, g, rand s,

is equal to [JEE (Main)-2022]

Let Ae{av, =, o) be such that

(PAq)A((pva)=q) is a tautology. Then A is
[JEE (Main)-2022]

2 v

@) <

equal to :
(1) A
B =

Negation of the Boolean statement (o v q) = ((~ 1) v
p) is equivalent to [JEE (Main)-2022]

@) =p)r(~q) nar

@) prgna(~1)

(1) pa(~qnr
@) (=P)rqnar
Which of the following statements is a tautology?

[JEE (Main)-2022]

(M ((~p)va)=p @ p=((~p)va)

@) ((~p)va)=gq @ q=((~p)va)
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The statement (~(p <~ q))Aq s :
[JEE (Main)-2022]
(1) a tautology
(2) acontradiction
(3) equivalentto(p=q)Aq
(4) equivalentto (p=q)Ap

(pAar)e (pA(~Qq)) is equivalentto (~ p) whenr

is [JEE (Main)-2022]
M p 2 ~p
@) q 4 ~q

If the truth value of the statement (P A (~ R)) —»
((~ R) A Q) is F, then the truth value of which of the

following is F? [JEE (Main)-2022]

(1) PvQ—>~R 2 RvQ—>~P
@) ~(PvQ >~R (@) ~(RvQ) —>~P

Let the operations *, ® € {x, v}.If (0 *q) ® (0 © ~q)
is a tautology, then the ordered pair (*, ®©) is

[JEE (Main)-2022]
@ (v, v)
@ (A V)

(1) (v, A)
@) (A A)
Let

p : Ramesh listens to music.

q : Ramesh is out of his village.
r: Itis Sunday.

s : It is Saturday.

Then the statement “Ramesh listens to music only
if he is in his village and it is Sunday or Saturday”
can be expressed as [JEE (Main)-2022]

(M (anlrvs)=p (2) (@a(rvs)=p
@) p=(@na(rvs) @ p=>(~agr(rvs)
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The statement (p = q) v (p = r) is NOT equivalent
to [JEE (Main)-2022]

(1) (pA(=r)=q @ (q)=(~r)vp)

@) p=(qvr) @ (pr(=q)=>r

Consider the following statements :

P : Ramu is intelligent.
Q : Ramu is rich.
R : Ramu is not honest.

The negation of the statement “Ramu is intelligent
and honest if and only if Ramu is not rich” can be
expressed as :

(1) (PACFER)AQA(~QA(~P)VR))
@2 (PAR)AQ V(~QA(~P)Vv(~R))
@) (PAR)AQ A((~QA((~P)vI(~R))
@ (PACR)AQVI~-QA(~P)AR)
[JEE (Main)-2022]
The statement (p A q) = (p A r) is equivalent to :
(1) g=(pnr)
2 p=(~nrr
@) (pArn=(pnrQq)
@) (prq)=r
[JEE (Main)-2022]
Negation of the Boolean expression p < (q= p) is
[JEE (Main)-2022]
(1
(2

3
@

(~p)rq
pA(~Qq)
(~p)v(~9q)

)
)
)
) (~p)~(~Qq)
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Answer (2)
Plafl~a|pe(~a)| ~[pe(al [pea
T|T| F T T
TIF| T F F
FIT| F F F
FIF| T T T

.. Statement (1) is true and statement (2) is false.

Answer (3)

Answer (1)
A | B |AVB|AA(AVB)|[(AAB) | AV(AAB)
T|T| T T T T
T|F| T T F [
F|T | T F F -
F|F| F F F I

(3) and (4) are not tautology according to above table.

A | B[ASB[AA(ASB) [ (Ar(A—>B))>B | B—>(AA(A—B))
TIT| T T T T
TIF| F F T T
FlT| T F T F
FIF| T F T T

(AA(A—B))—B is tautology according to above

table
Answer (4)
Answer (2)

pla|~p|~qla=(p—>q) |b=(~q>~p)|

T|T

N~ =Tm

T
F
F

L e B |

~N T 9™

bl(pn~

T
F
T
T

YAr(~pnrq)|

Q
-~ FAmA

F

M TmTm

10.

Answer (3)

~(p < ~q)

pla| q|pPe~q | ~(pe~q)
F| F| T F T

F| T| F T F
T|F| T T F
TITIF F T

Clearly equivalent to p <> q

Answer (4)

~(~sv(~rnas))

= SA(rv~Ss)

= (SAr)v(san~s)

S Sp/an
Answer (2)

(PA~Qq)vaqv(~pnrq)

= ((Pv@)A(-qvQ))v(~pArg)

= ((pvg)at)v(-pAaq)

= (pvq)v(-prq)

pvq
Answer (4)

(pvav-p)a(pvavaq)
ta(pvq)

p—>q

(~p—>q)>q

(P~ q)>[(~p~>q) > q]

T

T

T

F

T

Sl B T B
M| |

T

F
T
T

T
T
T

(a tautology)

Answer (1)

~(pva)v(~

PAQ)

By property, (~pAr~q)v(~pAQ)

=~p
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1.

12.

13.

14.

Answer (4)

Check by options

M (eva)a(~pPArQq)=(~pAQ)

@ evaa(pva=q

B) brq)A(~pArq)=F

@ Prg)A(~pvag =pArg

Answer (1)
FCpvaveADA(~qgan
=lpAr~q)Vv(EANA(~gAD
=[pAr~A(~qgan]Iviparna(~qgan)]
=[pAa~garndvipara~q]
=(PA~q)AT

=(pANA~q

Answer (3)

Pis True

Q is False

Ris True

() ~P)A(~QAR =FA(TAT)=FAT=F
@ (~P)v(QAR =Fv(FAT)=FvF=F

@) PVv(~QARY=TVv(TAT)=TvT=T
4 PArQv(~R)=(TAF)v(F=FVF=F
Answer (2)

q is false

[(p A Q) & is true

As (p A q) is false

[False <> r] is true

Hence r is false

Option (1): says p Vv r, As ris false

Hence (p v r) can either be true or false
Option (2): says (p AN —> (p V)
(p A r)is false

As F — T is true and

F — Fis also true

Hence it is a tautology

Option 3): (pvr)—>(pAT)
ie.(pvr—>F

It can either be true or false
Option (4): (p A 1), As r is false

Hence (p A r) is false

15.

16.

17.

18.

Answer (1)

Contrapositive of “If A then B” is “If ~B then ~A”
Hence contrapositive of “If two numbers are not
equal, then their squares are not equal” is “If
squares of two numbers are equal, then the two
numbers are equal’.

Answer (2)

((PAgq)v(pv ~q) A(~Pr~Qq)
=(pv~q)A(~pr~Qq)

=((pv ~q@)r~p) A ((pv ~ A ~q)
=((pr~p)v(-qr=-p)r~-q
=(~pA~gIr~q=(~pr~Qq)

Answer (3)

~(~p>q=~(pPVvQag=~pr~q

Answer (4)

S: “If you are born in India, then you are a citizen
of India.”

Contrapositive of p — q is ~¢ — ~p
So contrapositive of statement S will be :

“If you are not a citizen of India, then you are not
born in India.”

19. Answer (3)
By help of truth table :
Pl ql~a|pv~q|~p|pr~q|Pvq|P—pvq |PAG|(pAq)—p [PVA
T|IT|F| T F| F T T T T T
TIFIT| T F| T T T F T F
FITIF] F [T| F T T F T T
FIF|T] T [(T| F F T F T T
(p~q) > (~p)va | (pvg) > (pv(~q))
T T
T T
T F
T T
20. Answer (1)
~pv(~pArQq) =~(PArq A~
=(~qvp)r~p
=~p A (pv~q)
=(~q A ~p) v (P A ~p)

= (*p A ~q)
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21.

22.

23.

24.

25.

26.

27.

Answer (1)

Forp ->qvrtobe F

rmustbe F & p — g mustbe F

Forp - gtobe F
p,qr=T FF

Answer (1)

(pvag vipv-~Qq)

p>T&qg—>F

= pv(gvp)v~gq

=(evp)vigv~aq)

=pvT

= T so first statement is tautology
Answer (1)

~SV (~r A'S)

(~s v ~nNA(~svs)

(~s v ~n) (+ (~s v 8) is tautology)

~(s AT)
Hence its negation is s A r

Answer (2)

P —(~qvr) is a fallacy

= Pis True and ~q v r is False

= Pis True and ~q is False and r is False

= Truth values of p, q, r are

T, T, F respectively.

Answer (3)
~(p = (~Qq)) {~~ p=qis same as ~p v q}
=~((~p) v (~9))
=pAgq
Answer (4)
(P v Q) A (~q v ~p)
=~pv (91 ~q)
As g A ~q is a fallacy
=-~p
Answer (4)
Pv  |PA PA PA
P Q | PvQ|PAQ (P\/Q) (P\/Q P-Q (PA)Q) (PA)Q) Q~>(Pv
-Q |(P-Q)
T|T|(T|T|T|T|T|T|T T
T|F|{T|F | T|T|F|F|T T
FIT|T|F|T|F |[T]|F|T F
FIF|F|F|FI|F |T]|F|T T
Hence P A (P > Q) — Q is a tautology.

28.

20.

30.

31.

32.

33.

Answer (3)
p—>qg=qv~P

Checking option 3 ~ (p v ~q) > (p v Q) is

equivalent to
= (pva)v(pv~q)
= pvT=T
Answer (1)
Let p:+/5 is an integer
q : 5 is irrational
Given statement is (p v q)
Negation of given statement will be ~(p v q)
=~pAr~q
=+/5 is not an integer and 5 is not irrational
Answer (1)
p—(p A~Qq)is false
Than p > T

(p A~q)is false

So when P is true and pA ~q is false so there is

only one possibility when q is also true.
So truth value of p and q will be TT.
Answer (4)

Contrapositive of if P then Q is

if not Q then not P

If | will not catch the train then | do not reach

the station in time

Answer (1)
Truth table
Plq |~p|[pval (~p)A(pva) | (~pP)A(pva)—a
T(T|F| T F T
T|F|F| T F T
FIT|T|T T T
FIF|T| F F T

~p A (p v q) > q be a tautology
Answer (4)

P | a]|p>~pr~a)| ~pvq
T[T T T
T|F F F
F|T T T
F|F T T

p — ~(p A ~q) is equivalent to ~p v q
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34.

35.

36.

37.

38.

39.

Answer (4)
(Prq)—>(~qgvr)
=~eArq)v(~qgvr)
=(~pv~q)v(~qvr)
=(~pv=~qvr)

~p v ~q v ris false, then

~p, ~q and r all three must be false.
= pis true, q is true and r is false.

Answer (4)
Pla|~p|~a|avwp|pPo~a| (S)|~poal (S,)
T|T|F|F| T F F F F
T|F|F|T| T T T T T
FIT|T|F| T T T T F
FIF|T|T]| F F T| F F
{ V
not not
tautology fallacy
Both (S,) and (S,) are incorrect.
Answer (2)

Contrapositive statement will be

“ If a function is not continuous at ‘a’, then it is not
differentiable at ‘a’.

Answer (2)

pix<<~y=(X>~y)A(~y — X)

=(~x v~y)Aly vx)

=~(X AY)n(XVY)

Negation of pis ~p=(xAy) v ~(xVvy)
=(xAy)v(~xa~y)

Answer (1)

pP=>@—>p)>P—>pPvQ)is
By truth table

plalpva|p—>(Pva)la—>p [p—(q—p)| (P> (a—>p))
> ((P—(pva))

T|IT| T T T T T

TIF| T T T T T

FIT| T T F T T

FIF| F T T T T

So it is tautology.
Answer (4)

~(pv(~pra))

= ~pa(pv~q)

(~pAp)v(~pr~q)
~pA~q

40.

41.

Answer (3)
Contrapositive statement will be

“For an integer n, if n is not odd then n® — 1 is not
even’.

OR
“For an integer n, if n is even then n® — 1 is odd.
Answer (3)
(1 Av(AAB)=A
2 ~“AAA->B)=AA(~AvB)=AAB
So,B—>(AAB)=~BVv(AAB)=~BVA

@) AAA—>B)->B=(AAB)>B=~AAx
B) v B=~Av ~B v B (Tautology)

4 AA(AvB)=A

42. Answer (1)
Truth table for required statements
an (*va
pla|-p|-a|p>q ::Lq) (piq)) pva (Apqu) A’ip)q
—>~p -q
TIT|F|F [ T F T T F T
TIE|F [T | F F T T F T
FIT|T|F| T F T T|T T
FIF| T |T T T T(a) is tautology | F F T (b) is tautology
43. Answer (4)
~(~pA(pva)) = pv~(pva)
= pv(~pa~q)
= (pv ~p)~(pv ~ Q)
=pv~q
44. Answer (4)
B—>A=~BVA
AsoA-> B —->A)=A> (~-BvA) =~Av (~-Bv
A)
=~Av~BvA=~AvAv~B=tv~B=t
A — (AvB)
=~Av (AvB)
=(~AvA)vB
=tvB=t
45. Answer (3)

Contrapositive of A —» B is ~B —» ~A

Contrapositive of the given statement will be
~(you will earn money) — ~(you will work)

i.e., if you will not earn money, you will not
work
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46.

Answer (4)

&

Ar~B

A B
Cc

~CA(AvB)

VA XKIAASN VXA S AL T 18 T |

11111111111111111111

Bo~A=~Bv~A

47.

AvB ~B v~A =~(A 1 B)

= F, is a tautology
Answer (1)

p—>q9q=~pvq
so(prg)>(P—>a)=~((rq)v(p—Qq)
~pv~qv(~pva
~pvagv~q

is a tautology

48.

49.

50.

51.

52.

Answer (2)

p=qg& q*(~ p) is a tautology

p = qand q*(~ p) have same truth value
for all logical possibility
Q*(-p)=p=¢q
And therefore, p* ~q=q=p
Answer (1)
p—>q=~pvq
Pra)> (P9 =~pPrqv(p—Qq)
=(pv~q)v(>pva)
=~p v q v ~q is a tautology.
Answer (3)

(P>Q)rA~Q)>~P

=((~PvQ)A~Q) > ~P

(~PA~Q)vC)—>~P
=(~PAr~Q)—>~P
—~(~PA~Q)v ~P
=(PVQ)V~P
=(PV~P)VQ

=tvQ

= t (tautology)

Answer (2)
p=qis~pvq
(PA~q)=(qv~p)
=~(PAr~qv(qv~p)
=(~pvaqv(~pva)
=~pvgq

p=q

Answer (3)

3+3=7isfalse and 4 + 3 = 8 is false

then statement (A) is true
For (B) 5 + 3 = 8 is true and earth is flat is false.
Then statement (B) is false

For (C) if Aand B are true then 5 + 6 = 17 is false,
then (C) is true.

(A) and (C) are true and (B) is false.
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53.

54.

55.

56.

Answer (1)

1. (p>av(xg->p)=(pva)v(gvp)
=pvqzT

2. (~pva)v(@vp)=~(pr~q)v(pva)=

3. (~avp)v@vp)=~(~pAq)v(pva)

4. (~pv~q)v(@vp)=~(pra)v(pvaq)

Answer (1)

T
T
T

Making truth table, we get

T(T] T [F| F r
TIF| F |F| T F
FIT| 7 | T| 7 T
FIF| T | T| T T

(p = q) A (Q = ~p) is equivalent to ~p
Answer (2)
Consider the statements,
m : match will be played

w : weather is good
g : ground is not wet

p:m < (WA g)= In Venn diagram it will be

represented by [m A (w n g)]°®

p ~pP

So~p:mAa (~wv ~g)also ~p: (wAaQg)A

(~m)

= ~p : match will be played and weather is not

good or ground is wet.
Answer (2)

(PvQ)a(~P)—>Q
=~PvQvPvQ

=~PvQ)v (PvQ)= ltis a tautology.
Only option (2) is a tautology because

~P->Q)=~~PvQ)=PA~Q

57.

58.

59.

Answer (3)

Statement : For all M > 0, there exists xeS such
that x > M.

Negation : There exist M > 0, such that x ¥ M for
all xeS.

Answer (3)

o ((pva)a(@—>r) A=) > (pAQq)is false

= (pvagAa(@—or)a(~=r)istrue and (p A Q) is
false

= (p v Qq)istrue, (q — r)is true, (~r) is true and
(p A q) is false

= r is false and exactly one out of p and q is
false

g — ris true and r is false, so q is also false
hence p must be true.

Answer (3)
For S1 and S2

(p—aq)
e (PA~a)n
pla|-p|~-a|p—>q|-g->p| (~q pA~q|(~pva)
v (~pva)
—>Pp
T|IT|F F T T T F T F
TIF|F|T | F 18 T T F F
FIT|T F T T T F T F
o e e S o F T F T F
tautology S1 fallacy S2
Hence both S1 and S2 are true
60. Answer (4)
plq|r|p—=>aflg=>r| pa |pa(p—>aq)| pAr(p—q)
P>q| ~rl@-n [rl@gonN->r
TIT|(T| T T T T T
TIT|F| T F T F T
T|F|T| F T F F T
T|F|F| F T F F T
FITI|T| T T F F T
FITI|F| T F F F T
FIF|T| T T F F T
FIF|F| T T F F T

61.

Clearly it is a tautology

Answer (1)

7 Z

——> (prq)= (rrq)rp)

r

This is equivalent to (p A q) = (r A q)



MATHEMATICS

62.

63.

64.

65.

Answer (4)
(P*~a)=(p0OQ)
=~(pP*~q)v(pOQ)
=(~pOqv(pOq)

=T

= 0=V

and *=~Q0=A
Answer (2)

~pvr=(vr
=(pvrna~@Qvr)

p d

pA~gAa-~r
Answer (3)
pA~q=~(~pvQq)
=~(p—>q)
Answer (2)
Letx: (pAq) = (PA ~q) v (~ pPAq)

Case-l

When A is same as v

Then (pA ~q)v(~ pAqg) becomes

(p v ~q)v(~pvq) which is always true, so x
becomes a tautology.

Case-ll

When A is same as A

Then (pAq)= (pPAr~q)Vv(~PAQ)
IfpaqisT,then(par~q)v(~pAQ)isF
so x cannot be a tautology.

Case-lll

When A is same as =

Then(p=>~q)v(~p=>q)issameat(~pv~q)
v (p v q), which is always true, so x becomes a
tautology.

Case-lV

66.

67.

68.

69.

When A is same as <
Then(p=q)= (p=~q)v(~p<Qq)

p < qis true when p and g have same truth values,
then p & ~ g and ~p < q both are false. Hence x
cannot be a tautology.

So finally x can be v or =.
Answer (2)

given statement is
(ArC)—>B
Then its negation is
~{(AAC)—> B}
or~{~(AAC)v B}

(AAC)A(~B)
or (~B)a(AAC)
Answer (3)

Given p - (~p v q)is false

= ~pvqisfalse and pis true

Now p =True.

% UG

Fvq=F= qis false

P1:~(T >~F)=~(T—> T) = False.

P2:(TA~F)A(~TVvF)=(TAT)=((FvF
=T A F = False

Answer (3)

Let S:((~q)Ap)=((~p)Vva)
= S:~(~qrp)v((~p)vQ
= S:gv(=p)v(~p)va)
= S:(~p)va

= S:p=>q

So, negation of S willbe ~ (p = q)
Answer (1)

Case-l

If Vis same as A

Then (pAq)= ((pA Q) Ar)isequivalentto~(p AQ)
v((pAQq)ar)isequivalentto (~(pAq)v(pAQ)) A
(~(prq)vr)
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70.

Which cannot be a tautology

For both A (i.e. v or A)

Case-ll

If Vis same as v

Then (pv q)= ((p A q) v r)is equivalent to

~(p v q) v (p A q) v rwhich can be a tautology if A
is also same as v.

Hence both A and V are same as v.
Now (p V q) A ris equivalentto (pv g v r).
Answer (3)
Clearly r must be equal to ~ p
~pv~p=~p
and(pArq)v~p=p
~ p = p = tautology.

71. Answer (4)
Making truth table
Pl q|prq|~pArq|(~(pAq))vq|pvq|p—>q|p—(PVQ)
T|T| T F T T T ]
T|F| F T T T F T
FIT| F T T T T /s
FIF| F T T F T T
Tautology Tautology
(~(pAq))vag=p—(pvQq)
72. Answer (3)
(~q)Ap)v(pv(~p))
=(~qgAap)vt (tis tautology)
=t
option (3) is correct.
73. Answer (3)
S;(~pva)v(~pvr)
=(~pvaqvr
S,~pvi(gvr)
Both are same
So, option (3) is incorrect.
74. Answer (9)

There are total 9 compound propositions, out of
which 6 contain ~s. So if we assign s as false, these
6 propositions will be true.

75.

76.

77.

In remaining 3 compound propositions, two contain
p and the third contains ~r. So if we assign p and r
as true and false respectively, these 3 propositions
will also be true.

Hence maximum number of propositions that can
be true are 9.

Answer (3)

Now (pAg)A(~pvQ)

P g ~p pArg ~pvq (pPrg)A(~pvQq)

Rl F\T T T

T F F F F T

FT T F T T

FF T F T T
A==

Answer (3)

pvg=(~rvp)
=~(pvaqgv(~rvp)

(~pAr~q)v(pv~r)

[(~pvp)A(~qvplv~r

(~qvp)v~r

Its negationis ~p A qgAar.

Answer (4)
Truth Table
A B c D
ol ~a it | ~BIegy| P> J(~p)vg| O
PlLAI~PI~q|tpra| " 0™ phva) | g |(~PIva)
NTIFlF| 7 T T ¥ T
TIFIFlT| F T F T T
FITITIF| 7 | F T T T
FIELT 1wl = F T F T
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78.

79.

80.

Answer (4)

~pe~aq g

=(p=agngq

P| 9 |poq |boang|e-a)| (0ara | (a1
T % T T T ¥
T|F| F F F F F
FIT| F F T T F
FIF| 1 F T F F

(~(p<=~q))Aq is equivalent to (b = q)A p.

Answer (3)

The truth table

P|q|~P|~q|PAG|PA~Q | PAG=PA~Q
T|IT|F | F T F F
TIF|F | T F T F

FIT| T |F F F T

FIF| T | T F F T

Clearly pAq & pr~q=~p
r=q
Answer (4)

P A(~R)—((~R)AQ)=False
Tx Y

— Y = False
X->Y

X

X
XY
F F T
T T T
FT T
T F F
PA~R=Tand (~R)AQ=F
= P=T

~R=T=R=F
= P=T,Q=Fand R=F
TAQ=F
=Q=F
Now ~(Rv Q) - ~P
~FVvF)>F

F — F = False

81.

82.

83.

Answer (2)
* ©€ {/\,v}

Now for (p*q)®(p® ~q) is tautology

(1) (v, A):
@ (v,v)i(pvag) vi(pv=~q)
= P v Tis tautology
@) (AN (PAg) A (P A~q)

=(pAp)r(@r~q)=pAFnota
tautology (Fallasy)

(pv Q) A (p A~q) not a tautology

@) (rv):
Answer (4)

(p A Q) v (p v ~q) not a tautology

p : Ramesh listens to music

g : Ramesh is out of his village

r: Itis Sunday

s : Itis Saturday

p — g conveys the same p only if g

Statement “Ramesh listens to music only if he is in
his village and it is Sunday or Saturday”

p= (=g r(rvs)

Answer (2)

(M a(=nN)=q
~(pa~nvgq
=(~pvnvgq
=~pv(rvaq)
=p—>(qvr)
=(p=q)vp=r)

@) p=(qvr)
=~pv(qvr)
=(~pvav(=pvr
=(p—>qv(p—>n

@ (pr~q) =r
=p=(qvr)
=(p=9q)vp=r)



MATHEMATICS

84. Answer (4) (pAQ)= (pAr)isequivalentto (pAq)=r

P : Ramu is intelligent

Q : Ramu is rich 86. Answer (4)
R : Ramu is not honest
dl p=(q=p)
Given statement, “Ramu is intelligent and honest if
and only if Ramu is not rich” ~(pe=(gep)
=(PA~R)o~Q
=p<~(@=p)

So, negation of the statement is
~(PA~R) < ~Q] =p<=(@r~p)
=~[{~PA~R)v~QAr{QVv(PAr~R)}
=(PA~R)AQ Vv (~QA(~PVR))

85. Answer (4)

=(p=(@Ar~p)AgAr~p)=p)

(~pv(@r~p)A((~qvp)vp))

A B
pl a| r| prg | par | AoB | a5B | poB | BoA | Aor =(=pva)r~p)r(~qvp)
T T T T i i T it T
T|F|T F T S8 r T 5 5 E~pA(~qu)
FlT| 1| F F T F T T T
FIF|T| F F i il T T T =(~pr~q v(~pArp)
TlTIF| T F F F F T F
T F|F| F F e T F T b =(~par~q)ve
FIT|F| F F i F T T T
FlF|F| F F % T T T T =(~pAr~Q)
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