HI EVERYONE,

THE REAL LEARNING IN MATHEMATICS HAPPENS WHEN YOU ACTIVELY ENGAGE WITH A PROBLEM, EXPLORE DIF-
FERENT METHODS, AND WORK THROUGH CHALLENGES. THEREFORE, WE STRONGLY ENCOURAGE YOU TO USE THIS
SOLUTION KEY RESPONSIBLY.

PLEASE ATTEMPT ALL THE PROBLEMS ON YOUR OWN FIRST, GIVING THEM YOUR BEST AND MOST HONEST EFFORT.
THESE SOLUTIONS ARE TO HELP YOU GET UNSTUCK ON A PROBLEM AFTER YOU HAVE ALREADY TRIED YOUR BEST.

YOUR EFFORT AND DEDICATION ARE THE TRUE KEYS TO SUCCESS.

[ Mathematical Logic e Assignment e Solutions j

Topic: Statements, Truth Tables, Quantifiers, Negation, Algebra of Statements & Switching Circuits
Sub: Mathematics 12th e Board & MHT-CET Chetan Sir

SECTION A : STATEMENTS & CONNECTIVES

1. [Board Solved] Which of the following are statements? Write the truth values of the statements.
i)6 x4 =25
ii)x+6=9
iii) Please, sit down.
iv) Every real number is a complex number.

e a
Solution:

i) 6 x 4 = 24 # 25. Ttis a statement which is false, hence its truth value is F.

ii) Its truth value depends on the value of x. It is an open sentence, hence it is not a statement.

iii) It is a request, hence it is not a statement.

iv) Every real number a can be written as a 4 0i. It is a statement which is true, hence its truth value is T.

Answer: i) Statement, F  ii) Not a statement 1iii) Not a statement iv) Statement, T

2. [Ex 1.1] State which of the following are statements. Justify. In case of a statement, state its truth value.
i) Zero is a complex number.
i) x2 = x.
iii) Do you like Mathematics?
iv) x> —6x —7 =0, when x = 7.
v) The sum of cube roots of unity is zero.

s a\
Solution:

i) 0 = 0+ 04, so zero is a complex number. It is a statement which is true, hence its truth value is T.

ii) Its truth value depends on x (true for x = 0,1 only). It is an open sentence, hence it is not a statement.

iii) It is an interrogative sentence, hence it is not a statement.

iv)Forx =7: x> —6x —7 =49 — 42 — 7 = 0. It is a statement which is true, hence its truth value is T.

v) The cube roots of unity are 1, w, w?and 1+ w + w? = 0. It is a statement which is true, hence its truth value

is T.

Answer: i) Statement, T  ii) Not a statement iii) Not a statement iv) Statement, T v) Statement, T

3. [Board Solved] Express symbolically: “Delhi is in India but Dhaka is not in Sri Lanka.”

- N
Solution:

Let p: DelhiisinIndia, ¢ :Dhaka isin Sri Lanka.

Then “Dhaka is not in Sri Lanka” is ~q.

“but” means “and”. .'. The symbolic formis p A ~g.

Answer: p A ~q




4. [Ex 1.1] Write the following compound statements symbolically.
i) Angle is neither acute nor obtuse.
ii) If AABC is right angled at B, then mZA + m/ZC = 90°.
iii) x is not an irrational number but is a square of an integer.

p
Solution:
i) Let p: Angleis acute, g : Angle is obtuse.
“neither p nor 4” means “not p and not g4”. .*. The symbolic form is ~p A ~4.
ii) Let p: AABCisrightangledatB, gq:mZA+m/ZC =90°.
“If p then q” .-. The symbolic form is p — g.
iii) Let p: x is an irrational number, g : x is a square of an integer.
“but” means “and”. .'. The symbolic form is ~p A g.

Answer: i) ~p A~q i) p —q i) ~pAg

5. [Board Solved] Write the truth value of: “Milk is white if and only if the Sun rises in the West.”

P
Solution:
Let p: Milk is white, g : The Sun rises in the West.
Truth values of p and g are T and F respectively.
The given statement in symbolic form is p < g.
Speqg=T&F=F [+ is T only when both have the same value]
.. Truth value of the given statement is F.

Answer: F

6. [Ex 1.1] Write the truth values of the following.
i) It is not true that 5 — 3i is a real number.
ii) [f3 x5 =8then3+5=15.
iii) Milk is white if and only if sky is blue.

p
Solution:

i) Let p:5 — 3iis areal number. Itsimaginary partis —3 # 0, so the truth value of pis E

The given statement in symbolic form is ~p.

S ~p=~F=T. . Truthvalue of the given statement is T.

ii)Let p:3x5=8, ¢:34+5=15.

Since 3 x 5 = 15 and 3 + 5 = 8, truth values of p and g are F and F respectively.

The given statement in symbolic form is p — g.

Sp—=>qg=F—=F=T [— is F only when T — F]
.. Truth value of the given statement is T.

iii) Let p: Milk is white, ¢ : Sky is blue.

Truth values of p and g are T and T respectively.

The given statement in symbolic form is p < 4.

Speq=T« T=T. . Truth value of the given statement is T.

Answer: i) T i) T iii) T

7. [MHT-CET 2025] Consider the following three statements:
(A)If3+2=7then4+3 =8.
(B) If 5+ 2 = 7 then earth is flat.
(C) If both (A) and (B) are true then 5+ 6 = 11.
Which of the following is correct?
(A) (A), (C) true; (B) false  (B) (A) true; (B), (C) false
(C) (A) false; (B), (C) true (D) (A) false; (C) true

Solution:

Statement (A): 34+2=7isF, 44+3=8isF F—-F=T. . (A)is true.
Statement (B): 5+2 =7is T, earthisflatisE T — F=F. . (B) is false.
Statement (C): its consequent “5+ 6 = 11”7 is T, and anything — Tis T.




(Here “(A) and (B) are true” isTAF=F,s0 (C)isF - T=T.) .. (C) is true.
.. (A), (C) are true and (B) is false.

Answer: (A)

8. [Board Solved] If p, g are true and 7, s are false statements, find the truth value of ~(p — ¢q) <> (r A's).

e
Solution:
Truth values of p, q,7,s are T, T, F, F respectively.
~(p—4q) < (rAs)=~(T—=T)«< (FAF)
=~T+F
=F«<F
=T
.. Truth value of the given statement pattern is T.

Answer: T

9. [Ex1.1] If p, g are true and 7, s are false, find the truth values of:
Dp—=qVr—s)
ii) (~r <> p) = ~q
i) ~[(~p A7)V (s = ~q)] < (pAT)

p
Solution: Truth values of p, g,7,s are T, T, F, F respectively.
(p—qV(r—s)=(T—-T)V(F—=F)

=TvT=T
.. Truth value is T.
i) (~r e p) > ~g=(~Fo T) = ~T
=(T+T)—F
=T—-F=F
.. Truth value is F.
iii) ~[(~p AT)V (s = ~q)] ¢ ) = ~[(~TAF)V(F— ~T)] < (TAF)
(FAF)V(F—F)] < F

X

(1=
>
=

.. Truth value is T.
Answer: i) T i) F iii) T

10. [MHT-CET 2024] If p,q,r have truth values F, T, F respectively, then the truth values of (p A ~q) — r and
(pVq) — r are respectively
(A)TT (B)TF (COFT (DEEF

p
Solution:

p=F g=T, r=Fso~q=F.

(pA~q) >r=(FAF) > F=F—F=T.
(rvVq) >r=(FVT) -F=T—F=F.
.. The truth values are T, F.

Answer: (B)

11. [Misc Ex 1] Determine the truth values of p and gif (pV¢q)isTand (pVg) — qisE

p
Solution:
(pVg) —>qisE
. (pVg)isTandqisF [ a— bisFonly whenaisT,bis F]
NowpVgisTandgisF ... pisT. [ aVbisF only when both are F]
This agrees with the given condition that p VV qis T.
Hence pisTand gis F.




[ Answer: pisT, qisF

12. [Misc Ex 1] Determine the truth values of p and qif (pVg)isTand (pAgq)is T.

P
Solution:

pAgisT.

oo pisTandgis T [. a Abis T only when both are T]
Check: pV g =TV T =T, which agrees with the given condition.

HencepisTand gis T.

Answer: pisT, qis T

13. [MHT-CET 2024] If p — (q V r) is false, then the truth values of p, g, r are respectively
AMEEF BTTF (OTEF (DETT

p
Solution:
A conditional A — B is false only when A is T and Bis F.
S pisTandgVrisE
q VrisFonly whenbothare F = gisFandrisE
= (pg,1) = (LEF).

Answer: (C)

14. [MHT-CET 2024] If the statement p V ~(gq A r) is false, then the truth values of p, g and r are respectively
AETF (BTEF (OFETT (MDEET

p
Solution:

A disjunction A V B is false only when both A and B are F.
o pisFand ~(gAr)isF

~(gAr)isF= gArisT= gisTandrisT.

-~ (pg,r) = (ETT).

Answer: (C)

15. [Ex 1.1] Write the negations of the following.
i) Tirupati is in Andhra Pradesh.
ii) 3 is not a root of the equation x> + 3x — 18 = 0.
iii) 743 > 5.

P
Solution:

i) Let p: Tirupatiis in Andhra Pradesh. Its negation is ~p.

~p : Tirupati is not in Andhra Pradesh.

ii) Let p: 3is a root of the equation x? 4 3x — 18 = 0. The given statement is ~p.

Its negation is ~(~p) = p. [Involution law]
.. The negation is: 3 is a root of the equation x> + 3x — 18 = 0.
iii) Let p: 7 +3 > 5. Its negation is ~p. [negation of > is <]

~p:74+3<5, ie.7+3 45
Answer: i) Tirupati is not in Andhra Pradesh. ii) 3 is a root of x?> + 3x — 18 = 0. iii) 7 +3 < 5.

16. [MHT-CET 2026] Which of the following is/are not true?
I) If 1 is not a prime number, then 2 is not a prime number.
II) eis a vowel and 12 x 3 = 36.
III) It is not true that 14 is a composite number and 3 is an even number.
IV) \/5 is an irrational number, but 3 4+ /5 is a complex number.
(A)OnlyIandIV (B)OnlyI (C)OnlyllandIIl (D) Only [ II and IV



Solution: Facts used: 1 is neither prime nor composite; 2 is prime; 14 = 2 X 7 is composite; every real number
is a complex number.

I) “1 is not a prime number” is T, “2 is not a prime number” is E. T — F =F. - 1is false.

) “eisavowel”is T, “12x 3 =36"isT. TAT =T. ... Ilis true.

IIT) “14 is composite” is T, “3iseven” isE ~(TAF) = ~F=T. . Illis true.

IV) “+/5 is irrational” is T, “3 + /5 is complex” is T (3 + /5 = (34 1/5) +0i). TAT =T. .". IV is true.
.".Only Lis not true.

Answer: (B)

17. [MHT-CET 2025] Which of the following statements has truth value T?
A: Cube roots of unity are in G.P. and their sum is 1.
B:4+7>10iff 2+ 8 < 10.

C: 3x € N such that x> — 3x +2 = 0 and 31 € IN such that 7 is odd.
D: 3 + i is a complex number or V2 ++/3=+/5.
(A)onlyA (B)B,C,D (C)AandC (D)CandD

~
Solution:
A: The cube roots of unity 1, w, w? are in G.P. (common ratio w): T. Theirsum 1+ w + w? =0 #1: E

TAF=F. - AisFE

B:4+7=11>10:T. 2+ 8 =10, whichisnot < 10: F. T+>F=F. - BisFE
Cx?—3x+2=(x—1)(x—2)=0givesx=12€ N:T. n=1€Nisodd: T. TAT=T. .CisT.
D: 3 + i is a complex number: T. So T V (anything) = T (note V2+4/3 =+ V5,F). ~.DisT.
.. Cand D have truth value T.
Answer: (D)

.

18. [MHT-CET 2026] p : If 3* > 43, then 3% > 4%,
q : The roots of x? — 2x + 2 = 0 are real if and only if Mumbai is in Maharashtra.
r: Statement p is true or statement g is false.
Which of the following has truth value T?

A)(pvg)nr BYpV@gAr) ©pAa(gvr) D) (pAgq)Vr

Vs

Solution:
p: 3*=81>64=4%isT; 33=27>256=4*isE. T F=F. - p=F
q: For x2 — 2x 4+ 2 = 0, discriminant b? — 4ac = 4 — 8 = —4 < 0, so the roots are not real: F.

Mumbai is in Maharashtra: T. F«< T=F. . g=F.
rm pV~q=FEVT=T. . r=T.
A) (pvg)ANr=(FVF)AT=FAT=F
B)pV(gAr)=FEV(FAT)=FVE=F
CpA(gVr)=FA(FVT)=FAT=F
D) (pAq)Vr=(FAF)VT=FVT=T

Answer: (D)

19. [MHT-CET 2025] If the statement pattern (p A q) — (v V ~s) is false, then the truth values of p, g, 1, s are respec-
tively
(ATETF B TTTF (OTTEF (D TTET

p
Solution:
(pNq) = (rV~s)isF= pAgisTandrV ~sisE [A — BisFonly when Ais T, Bis F]
pAqisT= pisTandgisT.
rVe~sisF= risFand ~sisF = risFandsisT.
- (pgrs)= (T, TET).

Answer: (D)




20. [MHT-CET 2026] If the truth value of [(pV q) A (g — 1) A (~7)] = (p A q) is false, then the truth values of p — ¢
and g — p are respectively
(ATT (B)TE (QET (D)EF

-
Solution:
The conditionalis F = (pVg)A (g = r)A(~r)isTand pAgisE
The conjunctionis T = pVgqisT, g =+ risT, ~risT.
~risT= risFE
g —+risTwithrF= gisE [T — F would be F]
pVqgisTwithgF= pisT.
Check: p Aq =T AF =F, as required.
Sp—=g=T—=F=Fand gq—-p=F—=T=T.
Answer: (C)
-

21. [MHT-CET 2026] If p — (g V ~r) is false, then the truth values of (p <+ q) Ar and ~p — ~q are
(AT, T (B)TF (COFET (D)EF

p
Solution:
p—(gV~r)isF= pisTandgqV ~risE
gV~risF= gisFand ~risF= gisFandrisT.
Sp=Tg=Er=T.
peoggNr=(T-F)AT=FAT=FE
~p—=>~q=F—=>T=T.

Answer: (C)

22. [MHT-CET 2026] If ~p — g is false and g <> r is false, then the truth values of (p,q, ) are
ATET BETF (COFEET (DETT

p
Solution:
~p—+qisF= ~pisTandqisF= pisFandgisF
q ++ ris F= g and r have opposite values. Since gisF, ris T.
- (pgr)=(EET).

Answer: (C)

23. [MHT-CET 2024] The truth value of p — r is F and of p <+ g is F. Then the truth values of (~p V gq) — (p V ~q)
and (p A ~q) — (~p A q) are respectively
(ATF (BET (OTT (D)EF

p
Solution:

p—risF= pisTandrisE

p < qis F = pand q have opposite values. Since pis T, qis F.
Sp=T,g=F so~p=F ~g=T.

(~pVq) = (pV~q)=(FVF) > (TVT)=F->T=T.
(pA~q) = (~pAg) =(TAT) - (FAF)=T—F=F

Answer: (A)

24. [MHT-CET 2026] r : If p — g is false then p V g is false.
s:If p <+ g is false then p V g is false.
The truth values of r — s and s — r are respectively
(ATT BTF (OFET (DFEF

Solution:
Statementr: p — gisfalse= pisTandgqisF= pVg=TVF=T.
So whenever “p — g is false” holds, “p V q is false” fails. The if-partis T and the then-part is F.




r=T—=F=F.
Statement s: p < gis false = p, q have opposite values, i.e. one of themisT= pVgq=T.
Again the if-part is T and the then-partis F. .-.
r—s=F—=F=Tand s +r=F—=F=T.

Answer: (A)

s=T—>F=F.

SECTION B : TRUTH TABLES & TAUTOLOGY

25. [Board Solved] Construct the truth table of p — (g — p).

Ve

Solution: Two letters, so 22 = 4 rows.

oA AT

F

q
T
F
T

R 1
—

Answer: Last column T, T, T, T (tautology).

F
q

All entries of the last column are T,so p — (9 — p

~—

is a tautology.

26. [Ex 1.2] Construct the truth table for each of the following.

) (pA~q) < (p—9)

i) [p—(@q—=r]<(prg) —r7]

P
Solution:

i) Two letters, so 22 = 4 rows.

plal~q|pA~q|p—=q9|(pA~q) < (p—4q)
T|T| F F T F
T|F| T T F F
F|T| F F T F
F|F| T F T F

ii) Three letters, so 2% = 8 rows.

All entries of the last column are F, so the statement pattern is a contradiction.

pla|r|g—=rip—=@—=r)|pAq|(pAg —r|lp—=(qon)]<(pAg) — 7]
T|T|T T T T T T
T|T|F F F T F T
T F|T T T F T T
T|F|F T T F T T
F|T|T T T F T T
F|T|F F T F T T
F|F|T T T F T T
F|F|F T T F T T

Answer: i) Last column F, E F, F (contradiction)

All entries of the last column are T, so the statement pattern is a tautology.

ii) Last column all T (tautology)

27. [Board Solved] Using truth table, prove that p A g = ~(p — ~q).

[ Solution:




I|mo|mu| v \% VI
pla|~a|phg|p—~q|~(p—~q)
T|T| F T F T
TIF| T F T F
F|T| F F T F
F|F| T F T F
The entries in columns IV and VI are identical.
SoPAG=(p = ).
Answer: Columns IV and VIidentical, hence p A g = ~(p — ~q).
.
28. [Ex 1.2] Using truth table, prove: p <> q=~[(pVq) A~(pAq)].
4
Solution:
|| 1o v Vv VI VII VIII
pla|peglpVa|pig| ~pAg) | (pvaA~(pArg) | ~[(pVa A~(pAg)l
T|T T T T F F T
T|F F T F T T F
F|T F T F T T F
F|F T F F T F T
The entries in columns III and VIII are identical.
sopeqg=~pVvg) A~(pAg)l
Answer: Columns III and VIII identical, hence the equivalence is proved.

29. [Board Solved] Using truth table, examine whether (p A g) A (~p V ~q) is a tautology, contradiction or contin-
gency.

p
Solution:
Pla|~P|~9|pAq|~pV~q| (pAq)A(~pV~q)
T|T|F|F | T F F
T|F|F|T| F T F
F|T| T|F| F T F
F|F| T | T]| F T F

All the truth values in the last column are F.
Hence (p A q) A (~p V ~q) is a contradiction.

Answer: Contradiction

30. [Ex 1.2] Examine whether each is a tautology, a contradiction or a contingency.
D) [(p— ) A~g] = ~p
i) (p < @) A (p = ~q)

e
Solution:

i)

pla|~p|~a|p—=q|(p2aA~q|[(p—=>q) A~q = ~p
T|T|F | F| T F T
TIF|F|T| F F T
FIT|T|F| T F T
FIF| T|T| T T T

All the truth values in the last column are T. Hence it is a tautology.
ii)




plal~qlpoqglpo~q | (pogAp—~9g)
T|T| F T F F
T|F| T F T F
F|T| F F T F
F|IF| T T T T

The last column contains both T and F. Hence it is a contingency.

Answer: i) Tautology ii) Contingency

31. [MHT-CET 2024] If p and q are statements, then is a contingency.
AypA~p B pVep ©pvg D) (pAlp—=4q) =4

p
Solution: Truth table of all four options:

plal~r | A)pA~p | B)pV~p | O pVg|p—=q|pAlp—=9) | D) (pA(p—9q) g
T|T| F F T T T T T
T|F| F F T T F F T
F|T| T F T T T F T
FIF| T F T F T F T

(A) all F: contradiction. (B) all T: tautology. (D) all T: tautology.
(C) p V g has both T and F: contingency.

Answer: (C)

32. [MHT-CET 2026] Consider the statement patterns
A (g—=p)V(p—q)
B.(~pV~g) <> ~(pAg)
C.l(pVag)A~pl A~y
D.(pAq)A(~pV~q).
Then
(A) A, B are contradictions; C, D are tautologies
(B) A, B are tautologies; C, D are contradictions
(©) A, B, C, D all are tautologies
(D) A, B, C, D all are contradictions

-~

Solution: Patterns A and B:
pla|~p|~q|q=p|p—=q|A|~pV~q|~(pAg)|B
T|T| F | F T T T F F T
T F| F | T T F T T T T
F|T| T | F F T T T T T
FIF| T | T T T T T T T
Patterns C and D:
pla|~p|~q|pVqg|(pVgA~p|C|pAg|~pV~q|D
T|T| F | F T F F| T F F
T|F| F | T T F F| F T F
F|T| T | F T T F| F T F
F|F| T | T F F F| F T F
Columns A and B are all T: tautologies. Columns C and D are all F: contradictions.
Answer: (B)

33. [Ex 1.2] Using truth table, prove: (pVq) = r=(p = r) A (g —1).

[ Solution: Three letters, so 2% = 8 rows.




I|IoIjm| 1v Vv VI viI VIII
pla|r|pVg|(pVvg) —r|ip—rig=r|(por)A(@—r)
T|T| T T T T T T
T|T|F T F F F F
TIF|T| T T T T T
T|F|F T F F T F
F|T|T| T T T T T
F|T|F T F T F F
FIF|T| F T T T T
F|F|F F T T T T

The entries in columns V and VIII are identical.

S(pVvg) —mr=(p—r)A(g—r).

Answer: Columns V and VIII identical, hence the equivalence is proved.

34. [Ex 1.2] Examine whether [(p — ) A g] — p is a tautology, contradiction or contingency.

Ve

Solution:
plalr=q|(p=a)hqg|lp—=9)rgl—p
T[T| T T T
T|F| F F T
F|T| T T F
F|F| T F T

The last column contains both T and F. Hence it is a contingency.

Answer: Contingency

35. [MHT-CET 2025] The last column in the truth table of [p — (g A ~p)] V [(p V ~q) A p] is
(A)TTTF (B)TFFF (C)TTTT (D) FFTT

Ve

Solution: Let X = [p — (g A~p)|V[(pV ~q) Ap].
Pla|~pr |~ |9 A~p|p—=@A~p) | pV~g | (PV~g) Ap | X
T|T| F F F F T T T
TIF| F | T F F T T T
F|T| T | F T T F F T
FIF| T | T F T T F T

.. The last column is T, T, T, T (the pattern is a tautology).

Answer: (C)

36. [MHT-CET 2024] The statement (p — q) — ((~p = q) = q) is
(A)afallacy (B)equivalentto ~p —q (C)equivalenttop — ~g (D) a tautology

Vs

Solution: Let X = (p — q) — ((~p — q) — q).
pla|~p|poq|~p—oq|(~p2q =g | X
T|T| F T T T T
T|F| F F T F T
F|T| T T T T T
FIF| T T F T T

All entries of the last column are T, so the statement is a tautology.
(Check by laws: (~p = q) > g=~(pVq)Vg=(~pA~q)Vg=(~pVg)AN(~qVgq) =~pVg=p— q,s0
X=(p—q—=p—qg=t)

10



|

Answer: (D)

37. [MHT-CET 2026] The statement pattern [(p Aq) — (~p V)|V [(~pVr) = (pAq)]is
(A) a contradiction

(B) a tautology

(C) equivalentto (p Agq) Vr

(D) equivalent to p V g

Vs

Solution:
Let A=pAg,

(A—-B)V(B— A)=(~AVB)V(~BVA)

B = ~p Vr. The given patternis (A — B) V (B — A).

=(AV~A)V(BV~B)

[Conditional law: x — y = ~x V y]
[Commutative and associative laws]

=tVt=t [Complement law, Idempotent law]
Verification by truth table:
plglr|~p|A=pAg =~pVr —B|B—A|(A—=B)V(B—A)
T T|T| F T T T T T
T T|F|F T E 13 T T
T F|T| F E T T IE T
T F|F| F F F T T T
FIT|T| T F T T F T
FIT/ F| T E T T I T
FIF|T| T B T T IE T
FIF|F| T F T T F T

All entries of the last column are T. Hence the pattern is a tautology.

Answer: (B)

38. [MHT-CET 2025] The statement pattern [(p — q) A ~q] — r is a tautology when r is equivalent to

(A)pAr~q

B)gvp

(OF Y]

(D) ~q

Vs

Solution:

(p—=a)A~g=(~pVaq)Ar~q
= (~pA~q) V(g A ~q)

=(~pAr~g) Ve
=~pArq

[Conditional law]
[Distributive law]
[Complement law]
[Identity law]

So the antecedent is T only when p is F and g is F. For a tautology, r mustbe T when p = F, ¢ = F.
A pAN~g=FAT=F B)gvp=FVF=F (OOpAgq=FAF=F D)~ =T
In (A), (B), (C) the pattern becomes T — F = F for p = g = F, so they are not tautologies.
Withr = ~q: (~p A ~q) — ~q is a tautology, since whenever ~p A ~qis T, ~q is also T.

Answer: (D)

39. [MHT-CET 2026] The correct logical equivalence(s):
Dp—=(qgor)=(pAq) —r
) (p—q) >r=p—(qVr)
) (p—=gq)—>r=(p—=r)AN(~qg—7)
MVp—=@g—=r)=q—>(p—r)
(A)L,II  (B)IIL, IV

(© 11, IV

(D)L IV

Ve

Solution:

Mp—=(@—or)=~pV(~qVr)

(~pVg)Vr
~(pAq)Vr
(pAg)—r

.. (I) is correct.
(I) Takep=F gq=F r=F. LHS(F—-F) »  F=T—F=F RHSF— (FVF)=T.

The values differ, .-. (Il) is not correct.

() Takep=FE g=T,r=F. LHS(F—-T) - F=T - F=F
RHS (F - F) A (F - F) = TAT=T. The values differ, .. (III) is not correct.

[Conditional law]
[Associative law]
[De Morgan’s law]
[Conditional law]
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AV)yg— (p—=r1r)=~qV(~pVr) [Conditional law]
=~pV(~qVr) [Commutative and associative laws]
=p—(q—r) [Conditional law]
.. (IV) is correct.

..ITand IV are the correct equivalences.

Answer: (D)

40. [MHT-CET 2024] The statement ~(p <> ~q) is
(A) equivalentto p <+ g (B)afallacy (C)atautology (D) equivalentto ~p <> g

P
Solution:
I || oI | Iv \Y% VI VII VI
pPla|~p |~ |pe~q | ~(pPe~q) | pog|~peqg
T|T| F | F F T T F
T|F| F | T T F F T
F|T| T | F T F F T
FIF| T | T F T T F
Column VI has both T and F, so it is neither a fallacy nor a tautology.
Columns VI and VII are identical, so ~(p <> ~q) = p <> g (column VIII is different).
Answer: (A)
-

SECTION C: QUANTIFIERS AND DUALITY

41. [Board Solved] If A = {1,2,3,4,5,6,7}, determine the truth values of:
i)dx € Asuchthatx —4 =3
iVxeA x+1>3

-
Solution:
i)Forx =7, x—4=7—-4=3.
. x =7 € Asatisfies x —4 = 3. [One example is enough for 3]
.. The given statement is true, its truth value is T.
if) Forx =1, x +1 =1+ 1 = 2, which is not greater than 3.
. x =1 € A does not satisfy x +1 > 3. [One counter-example is enough for V]
.. The truth value of the given statement is F.

Answer: i) T ii) F

42. [Ex1.3]If A = {3,5,7,9,11,12}, determine the truth values of:
i)Vx € A, x*> 4 x is an even number
ii) 3x € A such that x> < 0
iii) 3x € A such that 3x + 8 > 40
iv)Vxe A, 2x+9> 14

e
Solution:
i) x> + x = x(x + 1) is a product of two consecutive integers, so it is always even.
Check: 3% +3 =12, 52 +5 =30, 72 +7 = 56, 9 +9 = 90, 112 + 11 = 132, 122 + 12 = 156 —all even.
.. Every x € A satisfies the condition. .". The truth value is T.
ii) The square of a real number is never negative, i.e. x> > 0 for every x € A.
. No x € A satisfies x? < 0. . The truth value is F.
iii) For x = 11, 3x + 8 = 33 4+ 8 = 41 > 40.
. x =11 € A satisfies 3x + 8 > 40. .. The truth value is T.
iv)2x +9 > 14 <= 2x >5 <= x > 2.5. The smallest element of A is 3 and 2(3) +9 = 15 > 14.
.. Every x € A (each x > 3) satisfies 2x 49 > 14. . The truth value is T.

Answer: i) T ii)F iii)T iv)T
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43. [MHT-CET 2026] If A = {1,2,3,4,5,6}, then which of the following is not true?

44.

45.

46.

47.

(A)dx € Asuchthatx+3=9 (B)dx € Asuchthatx+2<9

(OVxecA x+6>10 (D)3xc Asuchthatx+6< 10

~
Solution:
(A)Forx =6,x+3=9. ".T.
(B)Forx=1,x4+2=3<9. . T.

(D)Forx=1,x+6=7<10. .. T.
.. The statement which is not true is (C).

Answer: (C)

(C) For x =1, x + 6 = 7, which is not > 10. One counter-example makes a V statement false. .-

.E

[Board Solved] Write the duals of:
DpA[~qV(pAg)V~r]
if) (p AE) V (¢ A )

Ve

i) Given: p A [~qV (p Aq) V ~7]
Dual: pV [~q A (pV q) A ~r]

ii) Given: (p At) V (¢ A ~q)
Dual: (p V) A (tV ~q)

Solution: To get the dual, interchange A <+ V and t «+ ¢; the letters and ~ stay as they are.

Answer: i) pV [~gA(pVq)A~r] i) (pVec)A(tV~q)

[N < V]

[NV, tec]

[Ex 1.3] Write the duals of:
i) (pVa)A(rVs)

i) (~p V) A (~r As)
ii)cv{pA(gVvr)}

Ve

i) Given: (pV g) A (rVs)
Dual: (pAq)V (rAs)

ii) Given: (~pV q) A (~r As)
Dual: (~pAq) V (~rVs)

iii) Given: c V{p A (gVr)}
Dual: t A {pV (gA1)}

Answer: i) (pAq) V (rAs) i) (~pAq)V (~rVs)

Solution: Interchange A <+ V and t <+ c; keep the letters and ~ unchanged.

i) tA{pV(gAT)}

[A < V]
[N < V]

NV, c =]

[MHT-CET 2026] p, q,r have truth values T, E, F respectively. The truth values of ~(p A ~q) V (g V ~r) and its

dual are respectively
(AT, T (BTF (OFT [DEF

Vs

.. The truth values are T, F respectively.
Answer: (B)

Solution: p=T,g=F r=F, so~q =T, ~r=T.
Given statement: ~(pA~q)V (qV ~r)=~(TAT)V(FVT)=~TVT=FVT=T.
Its dual (interchange A <> V; ~ stays): ~(pV ~q) A (g A ~r).

~(pVr~g)AN(GA~r)=~(TVT)AN(FAT) =~TAF=FAF=F.

[Board Solved] Write the negations of:
i) All natural numbers are rational.
ii) 3n € N such thatn + 8 > 11.
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48.

49.

50.

51.

i) Given: All natural numbers are rational.
Negation: Some natural numbers are not rational.
ii) Given: 3n € IN such thatn + 8 > 11.
Negation: Vn € IN, n 48 < 11.

Answer: i) Some natural numbers are not rational. i) Vn € N, n+8 < 11.

Solution: Negation rule: change “all” <+ “some” (V ++ J) and negate the condition.

[All A are B]
[Some A are not B]

[3—=V, >—=<]

[Misc Ex 1] Write the negations of:
i)Vne A, n+7>6 where A=1{1,2,...,9}.
ii) Some triangles are equilateral triangles.

p
Solution: Negation rule: change V <+ 3 and negate the condition.
i)Given: Vne A, n+7 > 6.
Negation: 3n € A such thatn +7 <6. [V—3, >—<]
ii) Given: Some triangles are equilateral triangles. [Some A are B]
Negation: No triangle is an equilateral triangle. [No A is B]
Answer: i) 3n € Asuch thatn +7 < 6. ii) No triangle is an equilateral triangle.
A

[Misc Ex111f A = {1,2,...,9}, find the truth values of:
H)VxeA x+5<12
ii)Vx € A, 3x < 25.

P
Solution:
i)Forx =7, x4+5 =7+ 5 = 12, which is not less than 12.
. x =7 € A does not satisfy x +5 < 12.
.. The truth value of the given statement is F.
ii) For x =9, 3x = 27, which is not < 25.
. x =9 € A does not satisfy 3x < 25.
.". The truth value of the given statement is F.

Answer: i) F  ii) F

[One counter-example is enough for V]

[MHT-CET 2026] Which of the following is/are False?
S1: 3n € N such that n? + n + 2 is divisible by 4.

Sy: dx € IN such that x — 17 < 20.

S3:Vx €N, x2+3x—10=0.

Si:VneN, n2>1.

(A)S1,S2 (B)S1,S3 (C)Only S5 (D) Sz, 54

P
Solution:
Si:Forn=1,n%+n+2=1+1+2 =4, which is divisible by4. . S;isT.
Sy:Forx=1,x—17=—-16 < 20. ... SisT.
Sz:Forx=1,x>43x—-10=14+3—-10= —6 # 0. One counter-example. .-, SzisF.
S4: Every natural number n > 1, so n?>1. . S;isT.
.. Only S3 is false.
Answer: (C)

-

[MHT-CET 2025] The negation of “For all M > 0, there exists x € S such that x > M” is

(A)3M > 0Osuchthatx > M forallx € S
(B)dM >0, dx € Ssuch thatx > M

(C)dM >0suchthatx < Mforallx € S

(D) 3M > 0, there exists x € S such that x < M
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Solution:

Given: VM > 0, dx € S such that x > M.

Negation: change every quantifier (Vv — d, 3 — V) and negate the condition (> — <).
.. Negation: 3M > 0suchthatVx €S, x < M,

i.e. 3M > O such that x < M forall x € S.

Answer: (C)

52. [MHT-CET 2026] The dual of (p A ~q) — (g A ~p) is equivalent to
A)~(p=a)A(g—p) B)(p—=q)A~(q—p)
© (~p—=a)A(g—=p) D)(g—=p)V(~p—~q)

Ve

Solution: A dual is taken only with A, V, so first remove the —.

(pA~q) = (qA~p)=~(pA~q)V(gA~p) [p—g=~pVvyl
Dual: ~(pV ~q)A(qV ~p) [A < V]
Now pV~g=~qVp=q—p, so ~(pVr~g)=~(q—p).

And gV ~p=~pVg=p—q.

s Dual=~(@g—=p)A(p—=9) =(p—9) AN~(G—p) [Commutative law]

Answer: (B)

53. [MHT-CET 2026] The dual of the converse of the inverse of p — (g — r) is equivalent to
(A) ~[pv(r=q)] B pV(r—q)
©~pvig—=r] OpVig—=r)

-~

Solution: Statement: p — (g — r), of the form A — BwithA=p,B=g —r.
Inverse (~A — ~B): ~p — ~(q — 7).

Converse of the inverse: ~(7 — 1) — ~p (this is the contrapositive).
Remove the arrows before taking the dual:

~(g 1) = op =g o) Vep [p—=q=~pVal
=(g—>r)Vep [Double negation]
=(~qVr)Vep=~pVeqVr [p = g = ~p Vg, Commutative law]
Dual: ~pA~gAT A < V]
Check (A): ~[pV (r = q)] = ~pA~(r —q) [De Morgan's law]
=~pA(rA~g)=cpAegAr [~(p = q) =pAr~idl
.. The dual is equivalent to ~[p V (r — q)].

Answer: (A)

SECTION D : NEGATION & CONVERSE, INVERSE, CONTRAPOSITIVE

54. [Board Solved] Write the negations of:
i)7>3and 4 > 11.
ii) The number is an even number if and only if it is divisible by 2.

-~

Solution:
i)Let p:7>3, g:4>1L
The given statement in symbolic form is p A g.
Its negationis ~(p A q) = ~p V ~q. [De Morgan’s law]
.. The negationis: 7 < 3 or4 < 11.
ii) Let p : The number is an even number, g : The number is divisible by 2.
The given statement in symbolic form is p « 4.
Its negation is ~(p <> q) = (p A ~q) V (g A ~p). [Negation of biconditional]
.". The negation is: The number is an even number but not divisible by 2, or the number is divisible by 2 but
not an even number.

Answer:i)7 <3or4 < 11. ii) The number is even but not divisible by 2, or it is divisible by 2 but not even.
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55. [Ex 1.3] Write the negations of the following.
i)x+8>1lory—3 =6.
ii) Quadrilateral is a square if and only if it is a rhombus.
iii) If it is raining then we will go and play football.
iv) Vn € N, n? + n + 2 is divisible by 4.

p
Solution:
i)Let p:x+8>11, gq:y—3=6.
The given statement in symbolic formis p V 4.
Its negation is ~(p V q) = ~p A ~q. [De Morgan’s law]
.. The negationis: x +8 < 1l and y — 3 # 6.
ii) Let p: Quadrilateral is a square, g : Quadrilateral is a rhombus.
The given statement in symbolic form is p « gq.
Its negation is ~(p <> q) = (p A ~q) V (§ A ~p). [Negation of biconditional]
.. The negation is: Quadrilateral is a square but not a rhombus, or quadrilateral is a rhombus but not a
square.
iii) Let p: Itis raining, g:Wewillgo, r: We will play football.
The given statement in symbolic formis p — (g A ).
Its negationis ~[p — (gAr)] = pA~(qAT) [~(p—9q)=pA~q]
=pA(~qVrr) [De Morgan’s law]
.". The negation is: It is raining and (we will not go or we will not play football).
iv) Given: Vn € IN, n? + n + 2 is divisible by 4.
Negation: 31 € IN such that n% + 1 + 2 is not divisible by 4. [V — 3, negate the condition]

Answer: i) x +8 < 11 and y — 3 # 6. ii) Quadrilateral is a square but not a rhombus, or it is a rhombus
but not a square. iii) It is raining and (we will not go or we will not play football). iv) 3n € IN such that
n? + n + 2 is not divisible by 4.

56. [MHT-CET 2024] Negation of “The payment will be made if and only if the work is finished in time.” is
(A) The work is finished in time and the payment is not made.
(B) The payment is made and the work is not finished in time.
(C) The work is finished in time and the payment is not made, or the payment is made and the work is finished
in time.
(D) Either the work is finished in time and the payment is not made, or the payment is made and the work is not
finished in time.

p
Solution:
Let p: The payment will be made, g : The work is finished in time.
The given statement in symbolic form is p <+ g.
Its negation is ~(p <> q) = (p A ~q) V (g A ~p). [Negation of biconditional]
.. The negation is: The payment is made and the work is not finished in time, or the work is finished in time
and the payment is not made.
This is option (D) (the two parts written in the other order). (A) and (B) give only one part each; (C) has the
second part wrong.
Answer: (D)

AN

57. [Board Solved] Write the converse, inverse and contrapositive of: “If it rains then the match will be cancelled.”

P
Solution:
Let p:Itrains, g :The match will be cancelled.
.. The given statement in symbolic formis p — 4.
i) Converse g — p: If the match is cancelled then it rains.
ii) Inverse ~p — ~q: If it does not rain then the match will not be cancelled.
iif) Contrapositive ~g — ~p: If the match is not cancelled then it does not rain.
Answer: Converse: If the match is cancelled then it rains. Inverse: If it does not rain then the match will not
be cancelled. Contrapositive: If the match is not cancelled then it does not rain.
A\
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58. [Ex 1.3] Write the converse, inverse and contrapositive of:
i) If x < y then x* < y? (x,y € R).
ii) A family becomes literate if the woman in it is literate.

p
Solution:
i)Let p:x <y, gq:x?<y? The given statement in symbolic form is p — ¢.
Converse g — p: If x> < y? then x < y.
Inverse ~p — ~q: If x > y then x? > 2. [~(x <y)isx >yl
Contrapositive ~q — ~p: If x> > y? then x > .
ii) “q if p” means p — 4.
Let p: The woman in the family is literate, g : The family becomes literate.
The given statement in symbolic form is p — 4.
Converse ¢ — p: If a family becomes literate then the woman in it is literate.
Inverse ~p — ~q: If the woman in a family is not literate then the family does not become literate.
Contrapositive ~gq — ~p: If a family does not become literate then the woman in it is not literate.

Answer: i) C: If x2 < y?> then x < y; LIf x > ythen x> > y? CP:If x> > y? then x > y. ii) C:Ifa
family becomes literate then the woman in it is literate; I: If the woman is not literate then the family does
not become literate; CP: If a family does not become literate then the woman in it is not literate.

59. [MHT-CET 2024] Contrapositive of “If two numbers are not equal, then their squares are not equal” is
(A) If the squares of two numbers are not equal, then the numbers are equal.
(B) If the squares of two numbers are equal, then the numbers are not equal.
(C) If the squares of two numbers are equal, then the numbers are equal.
(D) If the squares of two numbers are not equal, then the numbers are not equal.

p
Solution:
Let p: Two numbers are not equal, ¢ : Their squares are not equal.
The given statement in symbolic form is p — g.
Contrapositive ~q — ~p, where ~q : The squares are equal, ~p : The numbers are equal.
.. Contrapositive: If the squares of two numbers are equal, then the numbers are equal.

Answer: (C)

60. [MHT-CET 2024] The negation of the contrapositive of p — (~g A ) is
(A) (~qV~r) Aevp (B) (qV ~r) Ap
© (@A~r)Vp (D) (~gA~r)Veop

P
Solution:
The contrapositive is equivalent to the statement, so the negation of the contrapositive = negation of the
statement.
~p = (~gAn)]=p A~ (~gAT) [~(p =) = pA~q]
=pA(qVr~r) [De Morgan’s law, Double negation]
=(qV~r)Ap [Commutative law]
Answer: (B)

A

61. [Ex 1.3] Write the converse, inverse and contrapositive of: “If voltage increases then current decreases.”

P
Solution:
Let p: Voltage increases, ¢ : Current decreases.
.. The given statement in symbolic formis p — 4.
i) Converse g — p: If current decreases then voltage increases.
ii) Inverse ~p — ~q: If voltage does not increase then current does not decrease.
iif) Contrapositive ~g — ~p: If current does not decrease then voltage does not increase.
Answer: Converse: If current decreases then voltage increases. Inverse: If voltage does not increase then
current does not decrease. Contrapositive: If current does not decrease then voltage does not increase.
A\
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62. [MHT-CET 2026] Negation of “If an integer is greater than 4 and less than 5, then it is a multiple of 3" is
(A) An integer is not greater than 4 but less than 5 and it is a multiple of 3.
(B) If an integer is not greater than 4 and less than 5 then it is not a multiple of 3.
(C) An integer is greater than 4 and less than 5 but it is not a multiple of 3.
(D) An integer is not greater than 4 and not less than 5 but it is not a multiple of 3.

p
Solution:

Let p: Aninteger is greater than 4, q: Itisless than 5, r : It is a multiple of 3.
The given statement in symbolic form is (p A q) — 7.

.. The negation is: An integer is greater than 4 and less than 5 but it is not a multiple of 3.
(The negation of an if-then statement is never an if-then statement, so (B) is ruled out.)

Answer: (C)

Its negationis ~[(p A q) = 1] = (p A q) A ~r. [~(p—9q)=pA~q]

63. [MHT-CET 2026] The negation of (p Agq) — ((p Vr) — ~q) is equivalent to
A)ypAg B pA~r (QqA(pvr) (D)~pAr~g

P
Solution:
~[(pAg) = ((pVr) =~ = (pAg) A~[(pVT) = ~q] [~(p —q) =p A~
=(Ag) Al(pVr)A~(~g)] [~(p—=q) =p A~
=(pAg)AN[(pVr)Ag] [Double negation]
=[(pAg)ANglN(pVT) [Commutative, Associative laws]
=(pAqg) AN(pVr) [Idempotent law]
=gA[pA(pVr) [Commutative, Associative laws]
=qAp=pAg [Absorption law, Commutative law]
Answer: (A)

G

64. [MHT-CET 2025] The negation of (p A ~q) — (pV ~q) is
(A) a tautology  (B) a contingency (C) a contradiction (D) equivalentto p A q

Ve

Solution:

~[(pA~g) = (pV~g)l = (pAg) A (p v e~g) [~(p = q) = p A ~q]
=(pAr~g)AN(~pAQq) [De Morgan’s law, Double negation]
=(pA~p)A(~gNQq) [Commutative, Associative laws]
SECNCECE [Complement law, Idempotent law]

.. The negation is always F, i.e. it is a contradiction.
(Also: p A ~q T forces p T, so p V ~q is T; the conditional is a tautology and its negation is a contradiction.)

Answer: (C)

65. [MHT-CET 2026] p: If voltage increases then current decreases.
q: If voltage does not increase then current does not decrease.
r: If current decreases then voltage increases.
s: If current does not decrease then voltage does not increase.
Which pairs have the same meaning?
A)p,qgr,s B)pr;qs (C)p,s;qr (D)nopair

-
Solution:
Let a: Voltage increases, b : Current decreases.
p =a — b (statement), g = ~a — ~b (inverse),
r =b — a (converse), s = ~b — ~a (contrapositive).
A statement = its contrapositive, and converse = inverse.
p=sand g=r.
Answer: (C)
-
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66.

67.

68.

69.

[MHT-CET 2025] The equivalent statement of “If three vertices of a triangle are represented by cube roots of
unity, then the triangle is equilateral” is

(A) Three vertices are cube roots of unity and the triangle is not equilateral.

(B) If a triangle is equilateral then its three vertices are cube roots of unity.

(C) If three vertices are not cube roots of unity then the triangle is not equilateral.

(D) If a triangle is not equilateral then its three vertices cannot be cube roots of unity.

p
Solution:
Let p: Three vertices of a triangle are cube roots of unity, ¢ : The triangle is equilateral.
The given statement in symbolic form is p — g, and p — g = ~q — ~p (contrapositive).
~g — ~p: If a triangle is not equilateral then its three vertices cannot be cube roots of unity.
(A)is p A ~q (negation), (B) is g — p (converse), (C) is ~p — ~q (inverse) — none is equivalent.
Answer: (D)

.

[MHT-CET 2025] 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.

If V4, V, are the truth values of the contrapositives of p and g, then (V1, V,) =
(A)(TT) B)TF (©ET (D)(EFF)

P
Solution: A statement and its contrapositive have the same truth value.
Contrapositive of p: If 7 is not divisible by 2 then 7 is not an odd number.
“7 is not divisible by 2” is T, “7 is not an odd number”isF. .. T —+F=F. -, Vj; =F.
Contrapositive of g: If 7 is not an odd number then 7 is not a prime number.
“7 is not an odd number” is F, “7 is not a prime number”isF. . F - F=T. . V, =T.
.o (M, W) = (ET).

Answer: (C)

[MHT-CET 2026] The contrapositive of ~g — p is equivalent to
Ap—g Bprg ©pVg D)~p—~q

e
Solution:
Contrapositive of ~q — pis ~p — ~(~q) = ~p — q. [Double negation]
~p = q=~(~p)Vq [p—q=r~pVal
=pVyg [Double negation]
Answer: (C)

A\

[MHT-CET 2024] Statement I: If the work is not finished on time, the contractor is in trouble.
Statement II: Either the work is finished on time or the contractor is in trouble.

Then

(A) Il is negation of I ~ (B) I is converse of I

(C)Iand II are equivalent (D) Il is inverse of I

p
Solution:
Let p: The work is finished on time, g : The contractor is in trouble.
Statement I in symbolic form: ~p — q.  Statement II in symbolic form: p V g.
~p—=qg=r~(~p)Vg=pVyg [p — q = ~pV g, Double negation]
.. Statement I = Statement 11, i.e. I and II are equivalent.
Answer: (C)

o
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70. [MHT-CET 2024] p : X is an equilateral triangle,

g : X is an isosceles triangle,

r:qV~p.

The equivalent statement of r is

(A) If X is not equilateral, then X is not isosceles.
(B) X is neither isosceles nor equilateral.

(C) Xis isosceles but not equilateral.

(D) If X is not isosceles, then X is not equilateral.

73. [Board Solved] Rewrite without using if. .

P
Solution:
r=qVe~p=~pVq [Commutative law]
=p—qg [p —g=~pVvidl
=n~g—~p [Contrapositive]
~q — ~p: If X is not isosceles, then X is not equilateral.
((A) is ~p — ~q, the inverse, which is not equivalent to p — g.)
Answer: (D)
-
SECTION E : ALGEBRA OF STATEMENTS
71. [Board Solved] Write the negation of (p \VV q) A (g V ~r), stating the rules used.
4
Solution:
~[(P V) A(qV )]
=n~(pVg)Vr(qVer) [De Morgan’s law]
= (~pAr~g) vV (~gAT) [De Morgan’s law]
= (~gA~p)V (~qAT) [Commutative law]
= ~g A (~p V1) [Distributive law]
Answer: ~[(pVg) AN (qV ~r)] = ~g A (~pVrT)

72. [Ex 1.4] Using rules of negation, write the negations with justification:

) (pV~q)Ar
i) (pV ~q) = (pA~q)

Solution:

i) ~[(pV~q) A1]
=~(pV~q)V
[~p A~ (~g)] V
(~P Ag)V

~[(pV~q) = (pA~q)]

(p V~g) A~ (p A ~g)
(pV~q) A\[~pV ~(~q)]
(pV~q)A(~pV9)

Answer: i) (~pAgq) V ~r i) (pV~q) A (~pVq)

v' [

[De Morgan’s law]
[De Morgan’s law]
[Involution law: ~(~q) = q]

[~(p = q) = p A~
[De Morgan’s law]
[Involution law]

.then: “If it is cold, then we wear woollen clothes.”

p
Solution:
Let p:Itiscold, g:We wear woollen clothes.
The given statementis p — g, butp — g=~p V.

Answer: It is not cold or we wear woollen clothes.

[Conditional law]

.. The given statement can be written as: “It is not cold or we wear woollen clothes.”
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74. [Ex 1.4] Rewrite without using if. .. then:
i) If a man is a judge then he is honest.
ii) If f(2) = 0 then f(x) is divisible by (x —2).

P
Solution:
i) Let p: Amanisajudge, ¢:Heishonest.
The given statementis p — g, butp — g=~p V.
.. The given statement can be written as: “A man is not a judge or he is honest.”
ii)Let p: f(2) =0, gq: f(x)isdivisible by (x —2).
The given statementis p — g, butp - g=~p Vg

*. The given statement can be written as: “f(2) # 0 or f(x) is divisible by (x —2).”

[Conditional law]

[Conditional law]

Answer: i) A man is not a judge or he is honest.  ii) f(2) # 0 or f(x) is divisible by (x — 2).

75. [Board Solved] Without using truth table, prove that ~(p V q) V (~p Agq) = ~p.

P
Solution:
LHS = ~(pVq) V (~pAq)
= (~pA~q)V(~pAg)
=~pA(~qVY)
=~pAt
=~p
= RHS.
Answer: ~(pVq)V (~pAq) = ~p (proved).

[De Morgan’s law]
[Distributive law]
[Complement law]
[Identity law]

76. [Ex 1.4] Without using truth table, prove that:
) (pVa)A(pV~q) =p
i) (pAg)V(~pAg)V(pPA~g) =p Vg

-
Solution:

)LHS = (pVg) A (pV ~q)

LHS= (pAq)V(~pAq)V(pA~q)
[(pV ~p) AqlV (pA~q)
(tAq)V(pA~q)

qV(pA~q)

(aVvp)A(qV~q)

(qVp) At

qVvp

pVaq

— RHS.

Answer: Both identities proved: i) = p

.
L 1 | BT TR
=

ii)=pVag.

[Distributive law]
[Complement law]
[Identity law]

[Distributive law]
[Complement law]
[Identity law]
[Distributive law]
[Complement law]
[Identity law]
[Commutative law]

77. [MHT-CET 2024] The statement pattern [p A (g V )] V [~r A ~q A p] is equivalent to
A)ygvr B pvr (Qq D)p

( Solution:
pA@GVI)V[~r A~q Ap)
[PA(@@VD)]VIpA(~gA~r)

—

;pwvrm (g V)]
— DAl g ve)
_p/\t

=p

[Commutative and Associative laws]

[De Morgan’s law]
[Distributive law]
[Complement law]
[Identity law]
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78.

79.

80.

81.

[ Answer: (D)

[MHT-CET 2024] The proposition (~p) V (p A ~q) is equivalent to
BypA~q B p—~g Qpvg D)g—p

Ve

Solution:

~pV (P A ~q)

=(~pVp)A(~pV ) [Distributive law]
=tA(~pV~q) [Complement law]
=~pVng [Identity law]
=p— g [Conditional law: p — g = ~p V q]
Answer: (B)

[Ex 1.4] Without using truth table, prove that p <> g = (p A q) V (~p A ~q).

-~

Solution:

LHS=p ¢

=(p—9)AN@q—p) [Biconditional law]
= (~pVq)A(~qVp) [Conditional law]
=[(~pVag)A~q]VI[(~pVq)Ap] [Distributive law]
= (~pA~q)V(@@A~q)V (~pAp)V(gAP) [Distributive law]
=(~pA~g)VeVeV(qgnap) [Complement law]
= (~pA~q)V(qAp) [Identity law]
= (pAg)V (~pA~q) [Commutative law]
— RHS.

Answer: p <> q= (pAq)V (~pA~q) (proved).

[MHT-CET 2024] ((p A q) V (pV ~q)) A (~p A ~q) is equivalent to
A pAg B)pV~g CpA~g D)~pA~g

-~

Solution:

First, (p Aq) v (pV ~q)

=[(pAq)Vp]V~gq [Associative law]
=[pV(pAqg]Vr~g [Commutative law]
=pVvV~q [Absorption law]
. Given pattern = (p V ~q) A (~p A ~q)

= (pV~q) A(~qA~p) [Commutative law]
=[(pV~q) A~g) A~p [Associative law]
= [~g A (~qVp)A~p [Commutative law]
=~qA~p [Absorption law]
=~pA~g [Commutative law]
Answer: (D)

[MHT-CET 2025] The logically equivalent statement of (~p Aq) V (~p A ~q) V (p A ~q) is
A)~pAg B)~pVrg (C~piA~g (D)pVyg

Vs

Solution:

(~pAg)V (~pA~q)V (pA~gq)

=[~pA(gV~q)]V(pA~gq) [Distributive law]
= (~p AV (pA~g) [Complement law]
=~pV(pA~g) [Identity law]
= (~pVp)A(~pV~g) [Distributive law]
=tA(~pVg) [Complement law]
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=~pVrg
Answer: (B)

[Identity law]

82. [MHT-CET 2026] (p VvV q) A [(~p A q) V (p A ~q)] A ~q is logically equivalent to

A)pA~qg B)~pAg ©OpAg (D)~pV~q

First, [((~pAq)V (P A~q)] A ~q
=[(~pAg) A~q)V[(p A ~q) A ~q]
[~p A (@A~ V [pA(~g A ~q)]
(~pAc)VIpA(~qA~q)
(~pAc)V(pA~q)
=cV(pA~g)

=pAr~gq

.. Given pattern = (p V q) A (p A ~q)
=[(pVag)Ap]A~q
=[pA(pValn~g

=pA~gq

Answer: (A)

[Distributive law]
[Associative law]
[Complement law]
[Idempotent law]
[Identity law]
[Identity law]

[Associative law]
[Commutative law]
[Absorption law]

83. [MHT-CET 2026] The statement pattern (p VV q) — ~r is logically equivalent to

(A) (~pV~g)Vor (B) (vp A~g) At
©) (~pA~g)Vor (D) (~vpVoevg) Aot

g
Solution:
(pVvq) = ~r
=~(pVaqg)Vr~r
= (~pArg) Voo

Answer: (C)

[Conditional law: p — g = ~p V q]
[De Morgan’s law]

84. [MHT-CET 2026] The negation of the contrapositive of (p V ~q) — (p A ~q) is

A)(pA~q)V (~pA~q) B)(~pAg)V(pA~q)
Q) (~pV~g)A(pVa) D) (~pVag)A(pV~q)

p
Solution:

Its negation:

~[~(pA~g) = ~(pV~q)]
=~ (pA~g) A~[~(pV ~q)]
~(pA~q) A (pV~q)
[~pV ~(~q)] A (pV~q)
(~pVa)A(pV~q)
Answer: (D)

|
2

The contrapositive of A — Bis ~B — ~A.
.. Contrapositive of the given statement: ~(p A ~q) — ~(p V ~q).

[~(p = 49) =p A~
[Involution law]

[De Morgan’s law]
[Involution law]

SECTION F : SWITCHING CIRCUITS
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85. [Board Solved] For the circuit below:

the circuit.

i) write the symbolic form, ii) construct the switching table, iii) simplify

Sy S
s S
Ss Sh
L
P
Solution:
Let p:switch Sy is closed, g : switch S is closed, r : switch S3 is closed.
Then ~p : switch S is closed (or S; is open), ~q : switch S} is closed.
i) The three branches are in parallel and each branch has two switches in series.
.. Symbolic form: X = (pAq) V (~pAq) V (r A ~q).
ii) Switching table:
PLa|r|~p|~q|pPAq|~pNg|rA~q|X
11110 |0 1 0 0 1
1{1{0] 0] O 1 0 0 1
1{0(1] 0 | 1 0 0 1 1
1]0(0 0 |1 0 0 0 0
0O[{1/1( 1] 0 0 1 0 1
0[{1]0f 1] O 0 1 0 1
ojoj1( 1|1 0 0 1 1
0oj{0j0| 1 |1 0 0 0 0
i) X = (p A gq)V (~p Aq) V (r Ar~g)
=[(pV~p)AqlV(rA~q) [Distributive law]
= (tAg)V(rA~gq) [Complement law]
=qV(rA\~q) [Identity law]
=(@qVr)A(@qV~q) [Distributive law]
=(qV r) At [Complement law]
=qV [Identity law]
*. The sunphﬁed circuit has switches S; and S3 in parallel:
Sy
S3
H—®-
L
The lamp glows when S; or S3 (or both) is closed.
Answer: X = gV r:S; and S3 in parallel.
.

86. [Ex 1.5] Express the following circuits in symbolic form and write the input—output table.
S»

—
!
52

—

S1

i) ———

S2

%

ii)

S3

——— -

!

51

Solution:

Let p:switch Sj is closed, g : switch S; is closed, r: switch S3 is closed.

i) Sy and S3 are in series, and this combination is in parallel with S;.

.. Symbolic form: X = p V (g A1).

Input-output table:
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ﬁ
B
M

=

(qAr)

O O O R K R R
O R R O O K RrY
—_ O R O Rk O =
O OO R, OO O ~>
OO R <

(@]
o
o
o

The lamp glows when S is closed, or when S; and S3 are both closed.

ii) Upper branch: S and S; in series; lower branch: S; and S, in series; the branches are in parallel.
.. Symbolic form: X = (~p Aq) V (p A ~q).

Input-output table:

pPla|~p|~q|~pNq | ph~q|X
11| 0|0 0 0 0
110/ 0|1 0 1 1
0[1] 1|0 1 0 1
0(0| 1 |1 0 0 0

The lamp glows only when exactly one of Sy, S5 is closed.

Answer: i) pV (g Ar); X column: 1,1,1,1,1,0,0,0 i) (~pAq)V (pA~q); X column: 0,1,1,0

87. [Board Solved] Construct the switching circuit of (p AgA 1) V [~pV (g A ~r)].

P
Solution:
Let p: switch S; is closed, g : switch S is closed, r : switch S3 is closed.
Then ~p : switch S is closed, ~r : switch S is closed.
(PAGAT)V [~pV (GA~)]=(pAGAT)V ~pV (g A ~T) [Associative law]
So the circuit has three branches in parallel:
(1) S1, S, Sz in series;  (2) Sf alone;  (3) S, and S} in series.
51 S S3

Answer: Three parallel branches: 515,53 in series || S} || S5} in series.

88. [Ex 1.5] Construct the switching circuit of (~p A q) V (p A ~r).

P
Solution:
Let p:switch S; is closed, g : switch S; is closed, r : switch S3 is closed.
Then ~p : switch S is closed, ~r : switch S is closed.
The given statement is the parallel combination (V) of two branches:
(1) ~pAq:S)and Sy inseries; (2) p A ~r: Sy and S} in series.
s, S

— .

S S

— .

IL

Answer: Two parallel branches: (S}, S in series) and (S3, S} in series).
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89. [Textbook Ex] Simplify the given circuit by writing its logical expression. Also write your conclusion.

S
S S
.
L
-
Solution:
Let p: switch S; is closed, g : switch S, is closed.
Then ~p : switch S is closed, ~q : switch S} is closed.
Si and S} are in parallel, and this combination is in series with S; and S,.
.. Symbolic form: X = p A (~p V ~q) A g.
X=[pA(~pV~qlAg [Associative law]
= [(pA~P)V (P A~g)I NG [Distributive law]
=[cV(pA~q)Ag [Complement law]
=(pA~g)Ngq [Identity law]
=pA(~gN9g) [Associative law]
=pAc [Complement law]
=c [Identity law]
Conclusion: X is a contradiction, so the lamp will never glow, whatever the positions of the switches S; and
Ss.
Answer: X = c: the lamp never glows.
-

90. [Ex 1.5] Give an alternative equivalent simple circuit for:

5
S1
L
-
Solution:
Let p:switch S is closed, g : switch S; is closed.
Then ~p : switch S is closed.
S{ and S; are in parallel, and this combination is in series with 5.
The symbolic form of the given circuitis p A (~p V q).
pA(~pVg)=(pA~p)V(pAq) [Distributive law]
=cV(pNg) [Complement law]
=pAgq [Identity law]
.. The alternative circuit has S; and S5 in series:
Sy S
L
Answer: p A g: 51 and S; in series.
.

91. [Ex 1.5] Write the symbolic form of the circuit, construct its switching table and interpret it.
S1
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92.

93.

Solution:
Let p:switch S is closed, g : switch S, is closed.
Then ~p : switch S} is closed, ~q : switch S} is closed.

The three branches S1; S); (S} and S, in series) are in parallel.
.. Symbolic form: X = pV ~q V (~p A q).
Switching table:
Pla|~p |~ | ~PAqg| X=pVqV(~pAg)
11| 0 0 0 1
170] 0 1 0 1
0|11 0 1 1
0|0 1 1 0 1

Interpretation: All the entries in the last column are 1. Hence the lamp will always glow, irrespective of the
positions of the switches (X is a tautology).
Verification by laws:

X=pVi~qV(~pAg)] [Associative law]
[Distributive law]

=pV[(~gV~p)A
=pVI[(~qV~p)At]

(~qVq)]

[Complement law]

[
=pV(~qVr~p) [Identity law]
=pV(~pV~g) [Commutative law]
=(pV~p)V [Associative law]
=tVeq [Complement law]
=t [Identity law]

Answer: X = pV ~qV (~p A q); last column all 1 : the lamp always glows.

[MHT-CET 2026] In a switching circuit, if the combination (S; A Sy) is connected in parallel to the combination
(8§ A'S), then the room is lit only when

(A) §1is ON and S5 is OFF

(B) S1 is OFF and S; is ON

(C) S1 and S, both ON or S and S, both OFF

(D) The room is always lit

e
Solution:
Let p: switch S; is closed (ON), g : switch Sy is closed (ON).

Symbolic form: X = (pAq) V (~pA~q) = p < .
Pla|pAqg|~pA~g | X
11 1 0 1
1/0 0 0 0
01 0 0 0
00 0 1 1

X = 1only inrows 1 and 4, i.e. when 51, Sy are both ON or both OFF.

Answer: (C)

[MHT-CET 2025] If p, g, 7 : switches Sq, Sy, S3 are closed, then the symbolic form of the following circuit is equiv-
alent to
Sy

S
S3

sk S, S

—

Ap Bg ©Opnrg (DpVyg
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Solution:

Upper branch: S; in series with (S, parallel S3) = p A (g V r).
Lower branch: S}, S, Sq in series = ~r A ~q A p.
SDX=[pAQ@Vr)]V[~rA~gApl

=[pA@Vr)]VIpA(~gA~r) [Commutative and Associative laws]
=[pA(gvn)]VIpA~(gVr)] [De Morgan’s law]
=pA[(qgVvr)V~(qVr)] [Distributive law]
=pAt [Complement law]
= [Identity law]
Answer: (A)

94. [Ex 1.5] Obtain the simple logical expression and draw the corresponding circuit:
) pV(qA~a)
i) (~p Ag)V (~p Ag) vV (p A )

Vs

Solution:
Let p:switch S is closed, g : switch S, is closed.
Then ~p : switch S is closed, ~q : switch S} is closed.

)pV(gn~q)

=pVe [Complement law]
=p [Identity law]
.. The circuit has the single switch S;:
S1
L
i) (~p Aq)V (~p Aq) V (p A ~g)
=[~pA(gV~q)]V(pA-~q) [Distributive law]
=(~pA)V(pA~g) [Complement law]
=~pV(pA~g) [Identity law]
= (~pVp)A(~pV~gq) [Distributive law]
=tA(~pV~q) [Complement law]
=~pV~g [Identity law]
.. The circuit has switches S} and S, in parallel:
5
S5
H—®-
L

Answer: i) p : single switch S; i) ~p V ~q : S} and S} in parallel.

95. [MHT-CET 2025] If p, g, 7 : switches S1, Sy, S3 are closed, then the symbolic form of the following circuit is equiv-
alent to

Sy

S
S3

Sq Sy S3

—

AypA@Vr) B gvr Qp [D)~qA~r

Solution:
Upper branch: S; in series with (S parallel S3) = p A (g V r).
Lower branch: S, Sy, Sz in series = p Ag Ar.
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[PA@@VIVIpA(GAT)]
[((gVvr)V(gAT)]
[(rva)V(gAr)]
[rv{gVv(gnr}

(rvaq)

A(qVr)

Answer: (A)

A
A\
A
A

‘s*s*w‘w‘vs ><

[Distributive law]
[Commutative law]
[Associative law]
[Absorption law]
[Commutative law]
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