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SOME DEFINITIONS

1. A statement or proposition is a declarative sentence
which is either true or false but not both simultane-
ously.

2. A paradox is a sentence which is both true and false
simultaneously.

3. A statement is said to be simple if it cannot be
broken further into simple statements otherwise
statement is said to be compound.

Truth value of a compound statement is completely
determined by its constituent statements.

4. Table for basic logical connectives.

p 9 |\pANq|PVq|\P>>qg|pOP| ~P
T T T T T T F
T F F T F F F
F T F T T F T
F F F F T T T

5. Contrapositive of p - gis~qg —>~p
6. Converse of the conditional statementp — gis g — p

7. Inverse of the conditional statement p — g is ~ p
- ~q.

8. peog=(p—>q9 A(q@—p

TIP

Negation of an if statement does not start with the word if.

Some Definitions
1. A statement is said to be a fautology if it is always true.
2. A statement is a contradiction if it is always false.
3. Dual of a compound statement not involving logi-
cal connective other than A and v is obtained by
replacing each occurrence of A and v by v and A

respectively, and each occurance of T by F and F
by T.

Some Logical Equivalences

Given any statement variables p, ¢ and r, a tautology ¢ and
a contradiction c, the following logical equivalances hold:

1. Commutative laws:
(i) pArg=qnp
(i) pvg=qvp
2. Associative laws:
i) PAgAr=pA(gArr)
(i) pvevr=pv(gVvr)
3. Distributive laws:
D) pal@gvn=@arqVvpAar
(i) pvigan=p@vg rnlgVvr)
4. Identity laws:
i) pat=p
(i) pve=p
5. Negation laws:
i) pv(p =t
(i) pa(~p)=c
6. Idempotent laws:
(i) pap=p
(i) pvp=p
7. De Morgan’s Laws:
@) ~PAg) =PV~
(i) ~(pv @) =(~p)A(~q)
8. Universal bound laws:
() pve=t
(i) pac=c
9. Absorption laws:
O pviprg=p
(i) pAapvg=p
10. Double negative laws:

~(p)=p
11. Negation of ¢ and ¢
(i) ~t=c

(i) ~c=t
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The principle of Duality Let s and ¢ be statements
that contain no logical connectives other than A and

® Example 1: Which of the following is not a statement?

(a) 17 is a prime number

(b) 22 is an odd number

(c) What a beautiful flower !

(d) New Delhi is Capital of India
Ans. (¢)

Solution: (a), (b) and (d) can be assigned values true
or false:

® Example 2: Let p and g be the statements:

p : Rakshit gets 100% marks in mathematics
q : Rakshit is a good dancer.
The verbal form of ~p — ¢ is
(a) If Rakshit does not get 100% marks in mathemat-
ics, then Rakshit is a good dancer
(b) If Rakshit gets 100% marks in mathematics then
Rakshit is a good dancer
(c) Mathematics is good for dancing
(d) Rakshit is good in mathematics and dance
Ans. (a)

Solution: Verbal interpretation of ~ p — g is
If Rakshit does not get 100% marks in methematics then
Rakshit is a good dancer.

® Example 3: If truth value of p is T, ¢ is F, then truth
values of (p — ¢) and (¢ — p) v (~p) is are respectively

(a) F,F (b) F, T
(o T,F @ 7.7
Ans. (b)

Solution: If p=T,g=F,thenp - gis F.and ¢ —> p
is T.

- truth value of (¢ > p) v (~p)is T

® Example 4: If p, ¢, r are three statements and truth

value of p A ¢ — r is F, then truth values of p, ¢, r are
respectively

(@ T,F, T () T,T, F
() F,T,T (d F,F, T
Ans. (b)

Solution: As p A g — r has truth

v. If s <> ¢, then s < ! where s? denotes dual of s
etc.

Quantifiers are the phrases like “There exists” and
“for every”.

SOLVED EXAMPLES
Concept-based

Straight Objective Type Questions

value F,pAngisTand ris F
~p=T,q=T,r=F

® Example 5: If p is any statement, then which of the fol-
lowing is a contradiction?

(@ pap ) pa~p
(©) pv(~p) (d) (~p) A (~p)
Ans. (b)

Solution: p A (~p) = F for both the truth values of p.

® Example 6: Let p and g be two statements. If truth
value of p — (~p A gq) is F, then truth values of p, g are
respectively:

(a) F, F (b) T, F
() F, T d 7T,T
Ans. (b)

Solution: As p — (~p Vv ¢g) has truth value F, p must be
T and ~p v g must be F. As ~p is F, g must be F. Thus, truth
values of p and g are respectively T and F.

® Example 6: For integers m and n, both greater than 1,
consider the following three statements

p : mdivides n
q : m divides n
r:mis prime

2

Then
(@ gar—p (b) prg—r
©) g—>r d g—p
Ans. (a)

Solution: We know that if m is prime and mln® the nmln.
Thus,g Ar—p
® Example 7: The statement ~ (p <> ~ g) is
(a) equivalent to ~p <> ¢g (b) a tautology
(c) a fallacy (d) equivalent to p <> g
Ans. (d)
Solution: ~ (p <> ~¢q)
=~((p = ~q) A(~q > p)
=~((~pVv~q) AlgVPp))



=~(~qVv~p)Vv(~(gVvp)
= (~(@) A~(~p)) vV (~g A ~p)
=(qAp)V(~qA~p)
=[(gArp) v (I AllgAap) Vv (~p)]
=gV Ay =gNlalgy(~p)
AV (~p))]

=[tA(~gvpIAal(~p)Vq) nt]
=(~qvp)A(~pVq)
=(@->prp—o9
=pegq

Alternative Solution. Use the following table.

P |9 |[~q [peo—q|~pe~q|pegq
T |T |F |F T T
T |F |T |T F F
F |T |F |T F F
F |F |T |F T T

From the last two colums, we get ~(p <> (~q)) =p <& ¢q

® Example 8: The statement ~(p A g) V ¢:

(a) is a tautology

(b) is equivalent to (p A q) Vv (~q)
(c) isequivalenttop v g

(d) is a contradiction

® Example 11: Which of the following is not a negation
of the statement p: J5 is rational?

(a) Itis not the case that J5 s rational
(b) \/g is not rational
(©) V5 is an irrational number

(d) none of these
Ans. (d)

Solution: (a), (b) and (c) are negation of p.
® Example 12: Negation of V5 s irrational or 3 is ra-
tional is

(a) J5 is rational or 3 is irrational

(b) V5 is rational and 3 is rational

(c) J5 is rational and 3 is irrational

(d) none of these
Ans. (¢)

Mathematical Reasoning 28.3

Ans. (a)
Solution: ~(p A q) v q
=((~p) v (=) Vg
=(p) v~ Vg
=(~p)Vvit=t
Thus, ~(p A q) V g is a tautology.
® Example 9: If p is any logical statement, then:

(a) p A (~p) is a tautology.
(b) p v (~p) is a contradiction

() pap=p
@ pvi~p=p
Ans. ()

Solution: Idempotent law p A p = p is always true.

® Example 10: If p, ¢ are two statements, then ~(~p A q)
A (p A q) is logically equivalent to

(@ p (b) ¢
(©) prg @ (~p)vg
Ans. (a)

Solution: ~(~p A g) A (p Vv q)
=((~C=p) Vv =D arpvq)
=PV APV g
=pv(~qrq)=pvc=p

LEVEL 1

Straight Objective Type Questions

Solution: Use De Morgan’s Law.

® Example 13: Contrapositive of the statement.
If a number is divisible by 9, then it is divisible by 3, is
(a) If a number is not divisible by 3, it is not divisible
by 9.
(b) If a number is not divisible by 3, it is divisible by
9.
(c) If a number is not divisible by 9, it is not divisible
by 3.
(d) none of these
Ans. (a)

Solution: Contrapositive of p — gis~g — ~ p.

® Example 14: Converse of the statement:

If a number 7 is even, then nis even, is
(a) If a number n?is even, then n is even

(b) If nis not even, then n? is not even
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(c¢) Neither n nor n” is even

(d) none of these
Ans. (a)
Solution: Converse of p — g is g — p.

® Example 15: Which of the following statement is not
equivalent to p <> g?

(a) pifand only if g

(b) gifandonlyifp

(c) pisnecessary and sufficient for g

(d) none of these

Ans. (d)
Solution: Each of (a), (b), (c) is equivalent to p < q.

® Example 16: Negation of the statement

p: for every real number, either x > 1 or x < 1 is
(a) There exist a real number x such that neither
x>1norx<1
(b) There exist a real number x such that 0 < x < 1
(c) There exist a real number x such that neither
x>1lnorx<1
(d) none of these
Ans. (a)

Solution: Negation of p v g is (~ p) A (~ q).

® Example 17: Contrapositive of
p: “If x and y are integers such that xy is odd then both x
and y are odd” is
(a) If both x and y are odd, then xy is odd
(b) If both x and y are even, then xy is even
(c) If x or y is odd, then xy is odd
(d) Ifitis false that both x and y are odd then the prod-
uct xy is odd
Ans. (d)

Solution: Contrapositive of p — gis ~ g — ~ p.

® Example 18: The statement p — (¢ — p) is equivalent
to

b)) p>p@vag
@ p—->pPe9

@p—=>pP—9
) p—=>pPnrg

Ans. (b)

Solution: p —> (g > p)=~pv(g—p)
=(=p)Vv(=qvp)
=(~q@v(pv-~=p
=(~q)vT=T

p — (g — p) is a tautology.

Also p=>p@vg=-pvpVvy

=(~pvp)vq=Tvg=T
p — (p v q) is also a tautology.
Thus, p — (¢ — p) is equivalent to p — (p Vv g).

® Example 19: The statement p — (g \ r) is not equiva-
lent to

@ @—=>9vp—=r)

®) pA(=q)—>r

() pa(=1—q

(d) prg—=@ANVI(gAaT)
Ans. (d)

Solution: p > (gvr)=(~p)v(gvVvr)
=(=pvg@Vv(=pvr)
=p—->q9vVvp—or

~p)vgvn=sE=pvgvr

~pAC=@)vr
=pA(~q)—>r

Interchanging the roles of ¢ and r in the above paragraph,
we find

p=>@vnN=pal=q@ =>r=pa(=r—gq
Forp=T,q=F,r=F,p—>(gvr)is F, but
Arqg) > pPvr)vignarisT.
Therefore, p — (g vr)and
pAg—=>pPAnvVgnr)
are not equivalent.

Also,

p—(qVvr)

® Example 20: Negation of p — g is

(@ par(~9 (b) ~pvyg
) ~g—>~p d pvi~q
Ans. (a)

Solution: ~(p > g)=~(~pvg =~(C-p)A(~q)
[De Morgan’s Laws]
~P=>9=pr~9)
® Example 21: Contrapositive of p — (g — r) is logically
equivalent to
(@ p—(@—0n
(© pvg—r
Ans. (a)
Solution: Contrapositive of p — (g — r) is

b (@—=>r—>~p
d (@—=>n—=p

~(@—>rn—>~p
=~[~(@—>nlv(~p)
=(@—>nvp)=(p) vg—r)
=p—>(@q@—>r)

® Example 22: Let S be a non-empty subset of R. Con-
sider the following statement:

P : There is a rational number x € § such that x > 0.
Which of the following statements is the negation of the
statement P ?

(a) Every rational number x € § satisfies x < 0.

(b) x € S and x <0 = x is not a rational number.



(c) There is a rational number x € S such that
x<0.
(d) There is no rational number x € § such that
x<0.
Ans. (a)

Solution: The statement P can be written as follows :
P: dxe OnSsuchthatx>0
Negation of Pis ~ P : ¥V x € Q n S satisfies x < 0.

® Example 23: The negation of the following statement :

P : Neha lives in Ludhiana or she lives in Gurudaspur.
(a) Neha does not live in Ludhiana or she does not live
in Gurudaspur.
(b) Neha does not live in Ludhiana and she does not
live in Gurudaspur
(c) Neha does not live in Punjab.
(d) None of these.
Ans. (b)

Solution: Let p and g be the statements defined as fol-
lows :

p : Neha lives in Ludhiana

q : Neha lives in Gurudaspur.

The statement P is

P:pvg
Negation of p is
~P:~(pvyg
or ~P:(~pA~q) [ ~pVa=(=p)A(=q)]

Thus, negation of P is given by (b)

® Example 24: The converse of the statement “If a < b
thenx+a<x+b”,is

(a) fa>bthenx+a>x+b

(b) Ifa>bthenx+a>x+b

(c) fx+a<x+bthena<b

(d Ifx+a>x+bthena>b
Ans. (¢)

Solution: See theory.
® Example 25: Which of the following is the conditional
statement p — g ?

(a) pisnecessary for ¢

(b) p is sufficient for g

(c) ponlyifg

(d) if g then p
Ans. (b)
Solution: As p — ¢, therefore truth of p is sufficient
for truth of g.

® Example 26: Converse of the statement

“if x* is odd then x is odd” is

Mathematical Reasoning 28.5

(a) if x° is even then x is even

(b) if x is odd then x” is odd

(c) if x is odd then x> is even

(d) if x is even then x*is odd
Ans. (b)

Solution: See theory.

® Example 27: Consider the following statements :
P: Suman is brilliant
Q: Suman is rich
R: Suman is honest
The negation of the “Suman is brilliant and dishonest if and
only if Suman is rich” can be expressed as
(@ ~PA~R)=>Q  (b) ~pA(@e<~R)
) ~(Qe(PA~R) @ ~Q0<~pAR
Ans. (c)
Solution: P A ~ R stands for Suman is brilliant and
dishonest. Thus, P A ~ R <> Q stands for Suman is brilliant
and dishonest if and only if Suman is rich.
Its negationis ~(PA~R< Q)or~(Q <> P A~R)

® Example 28: The only statement among the following
that is a tautology is:
(&) ANAVvB) (b) AV(AAB)
(c) [AA(A—>B)]—>B (d B—>[AA(A—>B)]
Ans. (c)
Solution: Note that
AA(AvV B)is FwhenA =F,
AVv((AAB)isFwhenA=F,B=F,
and B—>[AA(A —>B)isFwhenA=F,B=T
We check only (c)
[AA(A—>B)]—>B
[AA(~AVvB)]—>B
[AA(~A)]V(AAB)]—>B
AAB—B
~(AAB)VB=~[(AAB)A(~B)]
~[AABA~B)=~[AAF]l=~F=T

Thus,
[A A (A — B)] — B is a tautology.

® Example 29: The negation of the statement

“If I become teacher, then I will open a school.”

(a) Either I will not become a teacher or I will not
open a school.

(b) Neither I will become a teacher nor I will open a
school

(c) T will not become a teacher or I will not open a
school

(d) Iwill become ateacher and I will not open a school

Ans. (d)
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Solution: Let p : I become a teacher
q : I will open a school.
The given statement is p > g=(~p) vV g

® Example 30:

Statement-1 ~ (p <> ~ g) is equivalent to p <> g
Statement-2 ~ (p <> ~ ¢q) is a tautology
Ans. (c)

Solution:
Table for basic logical connectives.

P q ~q [ po~q|~-p—>~9) |9
T | T F F T T
T | F T T F F
F | T F T F F
F | F T F T T

Note that ~ (p <> ~ ¢) is not tautology.
Statement-2 is false.

From table ~ (p <> ~ g) is equivalent to (p <> q)

Thus, Statement-1 is true.

® Example 31: Let p, g and r be the statements.

p : X is a rectangle

q : X is a square

r:p—gq

Statement-1: p — r is a tautology.
Statement-2: A tautology is equivalent to T.
Ans. (d)

Solution: p >r=p — (p - q)
=~pvp->9=CFp vii~p) vyl
=[~p)v(~plvg
=(~p)Vq=p—q=r

Thus, Statement-1 is not a tautology.

® Example 32: Let p, ¢, r be three statements.

Statement-1: If p — g and ¢ — r then p — r is a tautology.

Statement-2: (p > g)A(g—>r) <> (pP—or)

Ans. ()

Solution: Statement-2 is not true.

It can be checked by taking
p=T,q=F,r=T

We can write Statement-1 as

It negationis ~(~p)vg)=p A(~q)
Thus, negation of the given statement is I will become a
teacher and I will not open a school.

Assertion-Reason Type Questions

P=>9rg—=>1—=>@p—>71)
Assume it to be F' then
p—orisFand(p > g)A(gAar)isT.
Butp >risFeop=Tandr=F.
Now, (T — q) A (g = F) mustbe T

= T—>gqgisTandg—>FisT
= gqisTandgqisF.
A contradiction.

Poprlg=>n—=>@p—0)
cannot be F for any assignment of T and F to p, ¢, r.
(@ —q) A (g —r) — (p—r)is atautology.
We may abbreviate the above procedure as follows:
Lpo>9nrl@on—>@—>r)
F
o DA@o) > (P o)
T F F
P2 PAlgo) P
T T T TFFTFF
=A@ > (P —oT)
TTTTFTF F TFF
M

This assignment is not possible.

[\

98]

N

® Example 33: Let p, ¢, r and s be three statements.

Statement-1: (p > N A(~p>PA(@@oS)A(~Fr—9)

is a tautology.

Statement-2: (p — g) A (~p — q) — q is a tautology.

Ans. (b)

Solution: Assume Statement-1 is false. Then
LLp>nNACpo>99A(G@—>s) > (~r—s)

T T F F
2> ACpoPA(@—os) oD (~r—y)
T T T T T F TFFF

3. p>NACp=>g99Aa(@—>s) > (~r—s)
FTFTTFTFTVFTFF TFFF
Look at the encircled part. This means ~ p — ¢ is
both T and F.

A contradiction.



Statement-1 is always true.
Next assume Statement-2 is false.
Then

P>PArC~p—>q9) —q
FTFTTFTT FF

Not possible

Statement-2 is a tautology.

® Example 34: Statement-1: ~ (A < ~ B) is equivalent
toA< B
Statement-2: A v (~(A A ~ B)) is a tautology.
Ans. (b)
Solution: We have
Av[~(AA~B)
=Av[~AvVB]
=(Av~A)vVvB=TvB=T
Thus, Statement-2 is true.
We have
= ~[A & ~ B]
~[(A—>~B)A(~B—A)]
~[(~Av~B)A(BvVA)]

® Example 36: Let p, ¢ and r be the statements:
P p-q
p: city Xis in U.P.
q: city X is in India
r:p—gq
Contrapositive of r is
(a) if city X is not in India then X is not in U.P.
(b) city X is neither in U.P. nor in India
(c) city X is in India but not in U.P.

(d) none of these
Ans. (a)

Solution: Contrapositive of p — gis ~g — ~ p.
® Example 37: If p, g are r are as in Example 31, then
which one of the following represents converse of p — g.

(a) If X is arectangle then X is a square.
(b) If X is a rectangle then X is not a square
(c) Xis arectangle but X is not a square
(d) none of these

Ans. (a)
Solution: Converse of p — g is ¢ — p.

Mathematical Reasoning 28.7
~[~(AAB)A(AVB)]
[AAB)v (~AA~B)]
[((AAB)V (~A)]A[(AAB)V(~B)]
[(Av~A)Vv(Bv~A]A[Av~B)ABvV~B)]
[TA(~AVBIAAV~B)AT]
A—>BAB—>A)=ASB

® Example 35:
Statement-1: Consider the following statements
p : Delhi is in India
g : Mumbai is not in Italy
Then negation of p v ¢ is Delhi is not in India and Mumbai
is in Italy.
Statement-2: For two statements p and ¢
~pva=~pr~q
Ans. (a)
Solution: Statement-2 is true. [See Theory]
As~(pvq) =~pr~q
= ~ (Delhi is in India) and ~(Mumbai is not
is Italy)

= Delhi is not in India and Mumbiai is in
Italy.

LEVEL 2

Straight Objective Type Questions

® Example 38: Let p, ¢, r be three statements, then

pP—o@—->nNeo(Pparg—r),isa
(a) tautology (b) contradiction
(c) fallacy (d) none of these

Ans. (a)

Solution: p > (g —>r = ~pv(g—7r
=~pv(~qvr)
=[~pvE@lvr
=~@PAgQvVr
=pAqg—oT

given statement is a tautology.

® Example 39: Let p and ¢ be two statements, then
~(~pArqg) AV q)is logically equivalent to

(@) g d) prg
©p (d) pv~gq
Ans. (¢)

Solution: ~(~pAQ) APV Q=[~(~p)V(~DIA(pVq)
=[pv(~g9 Ar(pVvyql
=pVvI(~q rql
=pvF=p
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6.

11.

12.

g
'n

. Which of the following pairs are not logically equiva-

lent?

(@ pv(pag)andp

(b) pvtandp

(¢) ~(pvV q)and (~p) A (~q)
(d) pvcandp

. The statement (p A q) vV (~p v (p A(~q))) is logically

equivalent to

(@) prg (®) p

() q (d) ¢

Af (~p) v ¢ = ~q has value F, then p, g are respec-
tively

(a) F, F (b) T,.F

(c) pisTorF, F (d) none of these

. The statement p A ~g — r is logically equivalent to
@ ~pvagvr ®) (~prgvr
© r~qvr (d) (~pv@rr

. The statement (p v ~q) A (~p Vv ~q) is logically
equivalent to

(@) p (®) ¢

(¢) ~p (d) ~q

Let p, g, r be the following:
p : Rohit is healthy

q : Rohit is wealthy

r : Rohit is wise.

The statement p v ¢ — ~r means

EXERCISES

J Concept-based
Straight Objective Type Questions

(a) IfRohitis healthy or wealthy then Rohit is not wise
(b) If Rohit is healthy and wealthy then Rohit is wise
(c) Rohit is neither healthy nor wealthy nor wise

(d) none of these

. Let p, g, r be the following three statements:

p : nis prime

q : nis odd

r:nis?2

Then p — ¢ v r means

(a) If nis prime then n is odd or 2
(b) If nis prime and odd then n cannot be 2
(c) If nis odd or 2 then n is prime
(d) If nis odd then n is prime or 2

. The contrapositive of the statement "I go to college

if its not a holiday"

(a) If I do not go to the college then its a holiday
(b) IfI go the college then its not a holiday

(c) Igo the college and its not a holiday

(d) IfI go to college then its a holiday

. Suppose p and g are two statements such that p — ¢

is false, then which one of the following not true?
(a) Truth value of ~p v gis F

(b) Truth values of p A (~q)is T

(¢) Truth values of (~p) A (~q)is T

(d) Truth valuesofpvgisT

. Which of the following is equivalent to p — g v r?

(®) pv(~r—q
(d) pv(~n—q

(@ par(~q)—>r
©) pA(~r)—>~q

r.1 LEVEL 1

LJ Straight Objective Type Questions

Let p be the proposition: Mathematics is interesting () T,T b)) T, F

and g be mathematics is difficult, then p A ¢ means (c) F, T d) F,F

(a) Mathematics is interesting or difficult 13. The contrapositive of p — ¢ is

(b) Mathematics is interesting and difficult @) g—p (b) ~p—~q
(c) Mathematics is interesting implies it is difficult ) ~q—>~p ) p—gq

(d) Mathematics is interesting is equivalent to saying
that it is difficult

If p > (-~ p v q) is false, the truth value of p and ¢
are respectively

14. The contrapositive of (p v g) — r is

(®) ~r—>Fp A9
(d) none of these

@ r—>p@vy
© (~pv(~q)—>~r



15. ~ p A q is logically equivalent to
(@ p—q (d) g—p
© ~p—9 (d) ~(@—p)
16. Negation of ¢ v ~ (p A 1) is
(@ ~qgv~{pvr) (®) ~gApAr)
(€ ~gnrpnar) (d) ~gvpAr
17. Negation of the statement “If a number is prime then
it odd”, is
(a) A number is not prime but odd
(b) A number is prime but it is not odd

(c) A number is neither prime nor odd
(d) none of these

18. If p, g are two propositions, then

gt
‘N

22. Let p, g, r be three statements.
Statement-1: p & g=(p > g) A (~qg Vv p)isa
tautology.
Statement-2: p v g > r=p >r)A(g—>risa
tautology.

23. Let p and ¢ be two statements.
Statement-1: (p v g) v ~ (~ p A ¢q) is logically
equivalent to p.
Statement-2: p v T =p

=

26. Let p and g be two statements, then
q <> (~ p v ~ q) is logically equivalent to
(@ p () g
© p—>gq d ~pnrg
27.Dual of (p — q) — ris

Mathematical Reasoning 28.9

~pPVg@=E~pAr~gq,is

(a) atautology
(c) asimple statement

(b) a contradiction
(d) none of these

19. Which one of the following is a tautology?

@ @po>g9Ap—q
© p>q9vp—q

b)) p>9Vvp—oq
d @Po>parl~q)—>p

20. Which of the following is not equivalent to

~pAq?
(@ ~(@—p)
() ~p—>~q

b)) ~pv~q
@ ~@vy

21. Which of the following is equivalent to p <> ¢?

@ (~pvgvipvy
© @vanrlpv~q

J Assertion-Reason Type Questions

by pArg)v(~pAr~q)
d prgvpve

24. Let p, g and r be three statements.

Statement-1: [p v (g A ] Vv [~ (p Vv ¢)]

= p Vv g is a tautology.

Statement-2: [p v g > 1] < [~ r = (~p) A

(~ q)] is a tautology.

25. Let p, g and r be three statements.

Statement-1: Negation of p A (¢ Vv 1) is

~pVv(~gna~T)

Statement-2: Negation of p v g is (~ p) A (~ g); and
that of p A g is (~ p) vV (~ q)

r.1 LEVEL 2

J Straight Objective Type Questions

(@ (g—>p)nr
© pv~qvr

(®) p—>(@—n
(d) none of these.

28. Statement (p v q) = (p A gq) is equivalent

(@) F
) T

(b) pegq
d g—>pnrg
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l l Previous Years' AIEEE/JEE Main Questions

1. The statement p — (¢ — p) is equivalent to
(@ p—(gep) ® p—>@—>q
© p—>P@vyg (dp—=>Pnrq [2008]
2. Let p be the statement “x is an irrational number”, ¢
be the statement “y is a transcendental number”, and
r be the statement “x is a rational number iff y is a
transcendental number”.

Statement-1: r is equivalent to either g or p.

Statement-2: r is equivalent to ~ (p < ~ q).
[2008]
3. Statement-1: ~ (p <> ~ g) is equivalent to p <> q.
Statement -2: ~ (p <& ~ g) is tautology.
[2009]

4. Let S be a non-empty subset of R. Consider the fol-
lowing 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 ?
(a) Every rational number x € § satisfies x < 0.
(b) x €S and x < 0 = x is not rational.
(c) There is a rational number x € S such that x < 0.
(d) There is no rational number x such that x < 0.
[2010]
5. Consider the following statements
P : Suman is brilliant
QO : Suman is rich

R : Suman is honest

The negation of the statement “Suman is brilliant

and dishonest if and only if Suman is rich” can be

expressed as

(@ ~(PA~R) <0

() ~PA(QA~R)

(©) ~(@<(PA~R)

d ~Q<~PAR [2011]
6. The only statement among the followings that is a

tautology is

(a) AA(AvVvB)

(b) AV(AAB)

(c) [AN(A—>B)]—>B

(d) B—>[AA(A— B)] [2011]

7. The negation of the statement
“If I become a teacher, then I will open a school”, is
(a) Either I will not become a teacher or I will not open
a school.
(b) Neither I will become a teacher nor I will open a
school.
(c) I'will not become a teacher or I will open a school.
(d) I'will become a teacher and I will not open a school.
[2012]
8. Consider:
Statement-1: (p A ~q) A (~p A q) is a fallacy
Statement-2: (p — ¢g) <> (~¢ = ~p) is a tautology.

[2013]
9. The statement p — (¢ — p) is equivalent to
(@ p—yq ® p—=>@vae
©pr—=>pP—9 (dp—=>@Aag
[2013, online]

10. Let p and g be any two logical statements and r :
p—=(Cpva.

If » has a truth value F, the truth values of p and ¢
are respectively

(a) F,F (b)) T, T
(c) T,F (d) F, T [2013, online]

11. Statement-1: The statement A — (B — A) is equiva-
lent to A — (A v B).

Statement-2: The statement ~[(A A B) = (~A v B)]
is a tautology. [2013, online]

12. For integers m and n, both greater than 1, consider
the following three statements:

P : m divides n
0 : m divides n?

R : m is prime

then
(a) OAR— P (b) PAQ— R
(c) Q>R (d) Q— P [2013, online]

13. The statement ~(p <> ~q) is
(a) equivalentto ~p <> g
(c) afallacy

(b) atautology
(d) equivalentto p <> g
[2014]

14. The contrapositive of the statement " if I am not feel-
ing well, then I will go to the doctor" is



15.

16.

17.

18.

19.

20.

1.

(a) If I am feeling well, then I will not go to the doctor
(b) If I will go to the doctor, then I am feeling well
(c) IfIwill not go to the doctor, then I am feeling well
(d) IfIwill go to the doctor, then I am not feeling well
[2014, online]

The proposition ~(p v ~q) v ~(p Vv q) is logically
equivalent to

@ p (b) ¢
(©) ~p (d) ~q [2014, online]

Let p, g, r denote three arbitrary statements. The logi-
cally equivalent of the statement p — (g Vv 1) is

@ @-=>~rp—o>r b @P=>9vp—>r)
© @p=>9rpP—>-~r (d pvg—p

[2014, online]
The contrapositive of the statement “I go to school if
it does not rain” is

(a) ifitrains, I do not go to school

(b) if I do not go to school, it rains

(c) ifitrains, I go to school

(d) if I go to school, it rains [2014, online]

The negation of ~ s v (~ r A ) is equivalent to:

) sAn(ra~)

(d) sar [2015]
Contrapositive of the statement “If it is raining then
I will not come”, is

(@ sA~r
() sv(rv~ys)

(a) if I will come, then it is not raining

(b) if I will not come, then it is raining

(c) if I will not come, then it is not raining

(d) if I will come, then it is raining [2015, online]
Consider the following statements:

P : Suman is brilliant

21.

22.

23.

Mathematical Reasoning 28.11

O : Suman is rich
R : Suman is honest
The negation of the statement,
"Suman is brilliant and dishonest if and only if Suman
is rich" can be equivalently expressed as:
(a) ~ 0 PAR b) ~ Q0> ~PVR
(c) ~ Q<> Pv~R d ~Q0<PA~R

[2015, online]
The Boolean Expression (p A —q) vV g VvV (~p A q) is
equivalent to
(@ ~prg ®) prg
(¢) pvyq (d pv~q
Consider the following two statements:
P: If 7 is an odd number, then 7 is divisible by 2

Q: If 7 is a prime number, then 7 is an odd number

[2016]

If V, is the truth value of the contrapositive of P and
V, is the truth value of contrapositive of Q, then the
ordered pair (V;, V,) equals:

(@) (FF) (b) (FT)

(c) (LF) (d (T,T) [2016, online]

The contrapositive of the following statement,

"If the side of a square doubles, then its area increases
four times", is

(a) if the area of a square increases four times, then its
side is not doubled

if the area of a square increases four times, then its
side is doubled

(c) if the area of a square does not increase four times,
then its side is not doubled

if the side of a square is not doubled, then its area
does not increase four times [2016, online]

(b)

(d)

Previous Years' B-Architecture Entrance

Examination Questions

The statement ~(p A q) V g:

(a) is a tautology
(b) is equivalentto (p A q) v ~q
(c) is equivalenttop v g

(d) is a contradiction [2009]

. The contrapositive of the statement, "If x is a prime

number and x divides ab then x divides a or x divides
b", can be symbolically represented using logical con-
nectives, on appropriately defined statements p, ¢, 7,
s, as

@ (~rv~s)=>(~pAr~q)
(b)y rAs)—=>(~pnr~q)

3.

4.

©) (~rAa~s)>(~pVv~q

@ (rvs)>(pv~q [2010]
Statement-1:

~ (A & ~ B) is equivalent to A < B.

Statement-2:

A Vv (~(A A ~ B)) a tautology. [2011]

Statement-1: Consider the statements
p : Delhi is in India

g : Mumbai is not in Italy
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Then the negation of the statement p Vv g, is Delhi is 12. (a) 13. (d) 14. (¢) 15. (¢)
not in India and Mumbai is in Italy. 16. (b) 17. (b) 18. (d) 19. (a)
Statement-2: For any two statements p and ¢ 20. (b) 21. (c) 22. (b) 23. (a)
~pVq)=~pV ~q [2012]

Previous Years' B-Architecture Entrance

5. If p is any logical statement, then Examination Questions

(a) p A(~p) is a tautology

(b) p v(~p) is a contradiction 1. (a) 2. (¢) 3. (b) 4. (¢)
() pAp=p (d) pv(~p)=p [2013] 5. (c) 6. (¢) 7. (b) 8. (d)
6. Let p and g be any two propositions.
. L T .
Statement-1: (p — g) <> g v ~p is a tautology. '(ﬁ Hints and Solutions
Statement-2: ~(~p A g) A (p Vv q) <> p is a fallacy.
(a) Both statements 1 and statements 2 are true Concept-based

(b) Both statements 1 and statement 2 are false

. . 1. p v t =t not p. [see Results on Logical equivalences
(c) Statement 1 is true and statement 2 is false p al £ d ]

(d) Statement 1 is false and statement 2 is true [2014] 22.pAq) v (~pVv(pA(~q))

7. The statement =A@ Vv((~pVvp)A(~pV~q)
[pAp—q]—>aq,is =A@ VEA~(PAQG)
(a) a fallacy =prqVv(~PpArg)=t

(b) atautology
(c) neither a fallacy nor a tautology

W

.(~pvgqg) > ~qis Fif ~pvqgis Tbut ~qis F or q is
T. But then ~p v ¢ is T irrespective of value of p.

(d) not a compound statement [2015] ) _ _
8. The negation of A — (A v ~ B) is 4. Use p — q is logically equivalent to ~p v q.

(a) atautology 5. pVv~q) A(~pV ~q)
(b) equivalentto (Av ~B) - A =PAp)V(~g)=cVv(~q)=~q
(c) equivalentto A — (A A~ B) 6. Use p v g mean Rohit is healthy or wealthy
(d) afallacy [2016]

PN 7. If n is prime then n is odd or 2.

‘g':’ Answers 8. Let p : It is a holiday

Concept-based q : I go the college.

The given statement is

1. (b) 2. (d) 3. (¢) 4. (a)
5. (d) 6. (a) 7. (a) 8. (a) P =4
9. (¢) 10. (a) Its contrapositive is ~¢ — p.
9. p — g is false mean p is T and q is F.
Level 1
~pvg=F)vVF)=F,pr(~q9=T
11. (b) 12. (b) 13. (¢) 14. (b) _F _r
15. (d) 16. (b) 17. (b) 18. (a) P A (@) =F.pVa=
19. (a) 20. (d) 21. (b) 22. (b) = (c) is incorrect.
23. (C) 24. (d) 25. (a) 10. p—o>qgVr=~pvV (q VvV r) = (~p V4 q) vV r
Level 2 =pA(~q)—=>r
26. (d) 27. (a) 28. (b) Level 1

Previous Years' AIEEE/JEE Main Questions

11. Mathematics is interesting and difficult
1. (¢) 2. None of the answer matches 3. (c)

4.(&) 5.(C) 6.(C) 7.(d) 12p—>(~p\/q)1sF1fp=Tand~p\/q
8. (b) 9. (b) 10. (c) 11. (¢ =ForFvg=Forifg=F.



13.
14.

15.
16.
17.

18.
19.

20.
21.

22.

23.

24.

25

Contrapositive of p — g is ~ g — ~ p.

Contrapositive of p v g > ris~r = ~ (p Vv q) i.e.
~r=>0Ep a9

See Theory

~lgv~@aAnNl=~gnr@nar

Negationof p > g=~pvgis~(~pv g =pA

~ ¢, that is, a number is prime and but it is not odd.

It is De Morgan’s law.

P—=>9 Arp—gq
FTFTTFF

T_l_T

Contradiction.

Thus, (p = g) A p = g can never take value F.
~pAqg=~(p Vv ~q) by De Morgan’s Law.

Usep e g=@p—>q9 Alg—p
=(~pv@nr(~qvp)
=A@ V(~pAr~q)

peqg=@ o9 Alg—p)
=(p—>q9A(~qVp)

andpvg—-or=~pvgvVvr
=(~pA~qvr
=(~pvnAa(~qvr)
=p—o>nnalg-or)

v Ar~(FHpnrg)

v Arl~(pv(~q]l

v nlpv(~9]l
=pviga(~q@l=pvF=p

Note that p v T = T not p.

[pvganlvi~@vqgl
=[evoArpvnlv~@vVqg]
=[~@vplvipve vl
=TA(pvr)=pvr

Next, ~r > (~p) A (~ q)
=~r—>~pPvyq

I
<
<
B
\2
3

-~ P Algvil
=~pvi~(qvn]
=~pV(~gA~r)

Level 2

26

g (~pVv~9q

Mathematical Reasoning 28.13

=g ~(pArg)
=lgo~PAPIA[~(pArg) —>4q]
[~gv~(A@IAl(pAg) V4l
~lgr(pAr@lng
=~(PAgQArg
=(~pVv~q@nrq
=(~pArq@Vv(~qgnrq)
=(~pArq)
27.(p > q) > r
(~pvq)—r
~(=pvgvr
=[pAa=q@lvr.
Dual of (p — q) > ris
[pv(E@lar=(@—>p Ar
B.(pvge—>Pnrq
=~(pveVviprqg
(~pA~@VvpArg)
=[l~pvpApIal~qv(pArg)]
=[~pvglal~qvpl=(p—>q) Ar(g—Dp)
=poq
Previous Years’ AIEEE/JEE Main Questions

~pVv(q—=p

(~p)v(~qvVvp)
=(~q@VvpvVv~p
=(~qvT=T

- p = (g — p) is a tautology.

AlSOp—)(qu)E~pv(p\/q)

=(~pvqevqg=Tvg=T

l.p = (g —p)

s p — (p Vv g) is also an tautology.
Thus, p — (¢ — p) is equivalent to p — (p Vv q).
2. Note that the statement r is ~ p <> gq.

Now, ~p <> g=(~p =9 A(q@—>~p)
=s[l~~pvagn(~qv~p)]
=@V nl~@nrq]l
FpV4q

Next,pe>~g=~qg & p
=(pvgAl~(pnaqgl

=2~po~=~pVvyvprg

Thus, neither Statement-1 nor Statement-2 is true.

P q ~q |[po~q |[~peo~q|peg
T T F F T T
T F T T F F
F T F T F F
F F T F T T
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11.

Note that ~(p <> ~ g) is not a tautology.

. Statement-2 is false.

From table ~(p <> ~ ¢) is equivalent to p <> q.
Thus, Statement-1 is true.

. Negation of P is

“for each rational number x € S, x < 0”.

. P A ~ R stands for

Suman is brilliant and dishonest.

Thus P A ~ R <> Q stands for Suman is brilliant and
dishonest if and only if Suman is rich.

Its negation is ~(P A ~ R <> Q) or ~(Q <> P A ~R)

.AAA VvV B)is Fwhen A =F

AV (AAB)is FwhenA=F,B=F
We have

[AA(A > B)]—>B
=[AA(~AV B)]—>B
=[AA(~A))VAAB]—>B
=AAB—>B
=~(AAB)VB
=[(~A) Vv (~B]vVvB
=(~A) Vv [(~ B) v B]
=(~A)vT=T
.. [A A (A > B)] = B is a tautology.

.Let p : I become a teacher

q : 1 will open a school.
The given statement is p = ¢ = (~ p) V ¢
Its negation is ~ ((~ p) v qg) =p A (~ q)
Thus, negation of the given Statement is 1 will become
a teacher and I will not open a school.

.As ~qg > ~ p=p — g, Statement 2 can be written

as (p = q) < (p =9

Thus, Statement 2 is a tautology.

Also, (p A~ q) A (~p A Q)

=@PA~p)  A(~qgArq)=FAF=F, which is a
fallacy. However Statement 2 is not a correct reason
for Statement 1.

. See Solution to Question 1.
10.

Statement r is
p—o>Gpvy

If r is false, then

p must be T

and ~ p v ¢ must be F

= pisTand Fv qis F
= pis T and q is F.
AAB—>(~AvVB)
=~AAB)V(~AVB)
=(~Av~B)v(~AvVvB

12.

13.
14.

15.

16.

17.

18.

19.

=(~AvVvFBvB=rAvVvT=~A
> ~[(AAB) - (~AVB]=A
. Statement-2 is false.

Next, A > (B —> A)

=A—> (~BvVvA)
=~Av(~BVA)
(~B)v(~AVA)
=~BvT=T
(~AVvA)VB
~AvVv(AvVvB)

=A—>AVB

Thus, Statement-1 is true.
OAR—>P

In words it means

m is prime and min
= min.
Sec Solution to Questions 3.
Let p, g be statements
p: I am not feeling well
g: 1 will go to the doctor
Contrapositive of p — g is ~¢ = ~p
i.e. if I do not go to the docor then I am feeling well.
~pVv~q) Vv ~pVqg
=~[pVv~q) AV q]

=~[p Vv (~q » q)]
=~pVvFl=-p
p—=>qgVvr
E~p\/(q\/r)

(~pVv @V (pVvr)
=p-o>9vip—>n
Let p and g be the statements

p : It does not rain
q : I go to school
The given statement is p — gq.

Its contrapositive is ~¢ — ~p i.e., if I do not go to
school it rains.

~[~s v (~r A 9)]

~(~8) A ~(~r A S)

s A(rv ~s)

AP V(SA~S

=(sArVF=ssAaAr

Let p and g be the statements:

p: It is raining

g: 1 will not come.

Contrapositive of p — ¢ is

~q = =P

that is, if I (will) come then it is not raining.



20.

21.

22.

23.

Suman is brilliant and dishonest if and only if Suman
is rich, can be expressed as

P AR Q0

Its negation is

~0 < ~P VR
A~ VgV (~pnqg)
=P A~ vigv (pAqg]
=P A~q)Vyq

=(pvg r(~qVyqg
=pvanaT=pvyg

As a statement and its counter positive have the same
truth values, truth values of (V,, V,)

= truth values of (P, Q)
= (Fa D

Contrapositive of p — g is ~¢ — ~p. Thus, contra-
positive of given statement is (c), that is, if the area
of a square does not increase four times, then its side
is not doubled.

[absorption law]

Previous Years’ B-Architecture Entrance
Examination Questions

1.

3.

~pArqg Vg
=(~pV-~q Vg
=~pVvi(~qVQq)
=~pvT=T

. Given statement is

PAGg—DFrVsS

Its contrapositive is

~(rvs) = ~p Aq)

S (~rA~s) = (~pV~q)
AV (~(A A ~B))

=Av (~A v B)

=(Av~A) VB

=TvB=T

Mathematical Reasoning 28.15
For Statement-1, see to Question 3 in the previous

year AIEEE/JEE Questions.

Thus, Statement-1 is true. However Statement-2 is not
a correct reason for statement-1.

. Statement-2 is true. [See theory]

As ~p Vv g =~p A~q
~(Delhi is in India) and ~(Mumbai is
not is Italy)

Delhi is not in India and Mumbai is

in Italy.
pA(p)=F
pv(Ep)=T

and p A p = p is true for each logical statement p.
~~pA@ APV Qq)
=V~ ArpvVyg
=pv(~qnrq=pvF=p.
As, ~(~pA @ APV q & p

pep

is a tautology, Statement-2 is false.
For truth Statement-1 see theory.
prlp =49 —q
=prCpVvel—g

[ AGP) Y @AP]I—q
[Fv @Al —q

PAg —q

~pAD VY

(~p Vv ~q) Vv q

~p Vv (~q Vv q

(~pyvT=T

A—> (Av ~B)

~A v (A v ~B)

(~A v A) v (~B)

=Tv(-~B)=T

.. Negative of A > A v ~Bis ~T = F.
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