Mathematical Logic

EXERCISE 1.1 [PAGES 2 - 3]

Exercise 1.1 | Q1 | Page 2

State which of the following sentence is a statement. Justify your answer if it is a
statement. Write down its truth value.

A triangle has ‘n’ sides
Solution: It is an open sentence. Hence, it is not a statement.

[Note: Answer given in the textbook is ‘it is a statement’. However, we found that ‘It is
not a statement’.]

Exercise 1.1 | Q 2| Page 2

State which of the following sentence is a statement. Justify your answer if it is a
statement. Write down its truth value.

The sum of interior angles of a triangle is 180°
Solution: It is a statement which is true. Hence, it’s truth value is T.

Exercise 1.1 | Q 3 | Page 2

State which of the following sentence is a statement. Justify your answer if it is a
statement. Write down its truth value.

You are amazing!
Solution: It is an exclamatory sentence. Hence, it is not a statement.

Exercise 1.1 | Q 4 | Page 2

State which of the following sentence is a statement. Justify your answer if itis a
statement. Write down its truth value.

Please grant me a loan.
Solution: It is a request. Hence, it is not a statement.

Exercise 1.1 | Q5| Page 2

State which of the following sentence is a statement. Justify your answer if it is a
statement. Write down its truth value.

V-4 is an irrational number.

Solution: It is a statement which is false. Hence, it’s truth value is F.



Exercise 1.1 | Q 6 | Page 2

State which of the following sentence is a statement. Justify your answer if itis a
statement. Write down its truth value.

x> = 6x + 8 =0 implies x = -4 or x = -2.
Solution: It is a statement which is false. Hence, it’s truth value if F.

Exercise 1.1 | Q 7 | Page 3

State which of the following sentence is a statement. Justify your answer if it is a
statement. Write down its truth value.

He is an actor.
Solution: Itis an open sentence. Hence, it is not a statement.

Exercise 1.1 | Q 8| Page 3

State which of the following sentence is a statement. Justify your answer if itis a
statement. Write down its truth value.

Did you eat lunch yet?
Solution: It is an interrogative sentence. Hence, it is not a statement.

Exercise 1.1 | Q 9| Page 3

State which of the following sentence is a statement. Justify your answer if it is a
statement. Write down its truth value.

Have a cup of cappuccino.
Solution: It is an interrogative sentence. Hence, it is not a statement.

Exercise 1.1 | Q 10 | Page 3

State which of the following sentence is a statement. Justify your answer if itis a
statement. Write down its truth value.

(X +y)?=x2+2xy +y?forall x,y € R.
Solution: It is a statement which is true. Hence, it's truth value is T.

Exercise 1.1 | Q 11 | Page 3

State which of the following sentence is a statement. Justify your answer if it is a
statement. Write down its truth value.

Every real number is a complex number.



Solution: It is a statement which is true. Hence, it’'s truth value is T.

Exercise 1.1 | Q 12 | Page 3

State which of the following sentence is a statement. Justify your answer if it is a
statement. Write down its truth value.

1 is a prime number.
Solution: It is a statement which is false. Hence, it’s truth value is F.

Exercise 1.1 | Q 13 | Page 3

State which of the following sentence is a statement. Justify your answer if itis a
statement. Write down its truth value.

With the sunset the day ends.
Solution: It is a statement which is true. Hence, it’'s truth value is T.

Exercise 1.1 | Q 14 | Page 3

State which of the following sentence is a statement. Justify your answer if it is a
statement. Write down its truth value.

11'=0
Solution: It is a statement which is false. Hence, it’s truth value is F.

Exercise 1.1 | Q 15 | Page 3

State which of the following sentence is a statement. Justify your answer if it is a
statement. Write down its truth value.

3+5>11
Solution: It is a statement which is false. Hence, it's truth value is F.

Exercise 1.1 | Q 16 | Page 3

State which of the following sentence is a statement. Justify your answer if itis a
statement. Write down its truth value.

The number 17 is an irrational number.
Solution: It is a statement which is true. Hence, it's truth value is T.

Exercise 1.1 | Q 17 | Page 3

State which of the following sentence is a statement. Justify your answer if it is a
statement. Write down its truth value.



X2 -y?=(x+y)x-y)forallx,y €RR.
Solution: It is a statement which is true. Hence, it’'s truth value is T.

Exercise 1.1 | Q 18 | Page 3

State which of the following sentence is a statement. Justify your answer if it is a
statement. Write down its truth value.

The number 2 is the only even prime number.
Solution: It is a statement which is true. Hence, it's truth value is T.

Exercise 1.1 | Q 19| Page 3

State which of the following sentence is a statement. Justify your answer if itis a
statement. Write down its truth value.

Two co-planar lines are either parallel or intersecting.
Solution: It is a statement which is true. Hence, it's truth value is T.

Exercise 1.1 | Q 20 | Page 3

State which of the following sentence is a statement. Justify your answer if it is a
statement. Write down its truth value.

The number of arrangements of 7 girls in a row for a photograph is 7!.
Solution: It is a statement which is true. Hence, it’s truth value is T.

Exercise 1.1 | Q 21 | Page 3

State which of the following sentence is a statement. Justify your answer if itis a
statement. Write down its truth value.

Give me a compass box.
Solution: It is an imperative sentence. Hence, it is not a statement.

Exercise 1.1 | Q 22 | Page 3

State which of the following sentence is a statement. Justify your answer if itis a
statement. Write down its truth value.

Bring the motor car here.
Solution: It is an imperative sentence. Hence, it is not a statement.

Exercise 1.1 | Q 23 | Page 3



State which of the following sentence is a statement. Justify your answer if itis a
statement. Write down its truth value.

It may rain today.
Solution: It is an open sentence. Hence, it is not a statement.

Exercise 1.1 | Q 24 | Page 3

State which of the following sentence is a statement. Justify your answer if it is a
statement. Write down its truth value.

Ifa+b<7,wherea=z0andb=0thena<7andb<7.
Solution: It is a statement which is true. Hence, it's truth value is T.

Exercise 1.1 | Q 25| Page 3

State which of the following sentence is a statement. Justify your answer if itis a
statement. Write down its truth value.

Can you speak in English?

Solution: It is an interrogative sentence. Hence, it is not a statement.
EXERCISE 1.2 [PAGE 6]

Exercise 1.2 | Q 1.1 | Page 6

Express the following statement in symbolic form.
eisavowelor2+3=5

Solution: Letp: e is avowel.

g:2+3=5

The symbolic formis p v g.

Exercise 1.2 | Q 1.2 | Page 6

Express the following statement in symbolic form.
Mango is a fruit but potato is a vegetable.

Solution: Let p : Mango is a fruit.

g : Potato is a vegetable.

The symbolic formis p A q.

Exercise 1.2 | Q 1.3 | Page 6

Express the following statement in symbolic form.



Milk is white or grass is green.
Solution: Let p : Milk is white.
g : Grass is green.

The symbolic formis p v q.

Exercise 1.2 | Q 1.4 | Page 6

Express the following statement in symbolic form.
| like playing but not singing.

Solution: Let p : | like playing.

g : I do not like singing.

The symbolic formis p A Q.

Exercise 1.2 | Q 1.5 | Page 6

Express the following statement in symbolic form.
Even though it is cloudy, it is still raining.

Solution: Let p : It is cloudy.

g : Itis still raining.

The symbolic formis p A Q.

Exercise 1.2 | Q 2.1 | Page 6
Write the truth value of the following statement.

Earth is a planet and Moon is a star.

Solution: Let p : Earth is a planet.

g : Moon is a star.

The truth values of p and g are T and F respectively.
The given statement in symbolic formisp A q.
~PAQ=TAFE=EF

=~ Truth value of the given statement is F.

Exercise 1.2 | Q 2.2 | Page 6

Write the truth value of the following statement.



16 is an even number and 8 is a perfect square.
Solution: Let p : 16 is an even number.

g : 8 is a perfect square.

The truth values of p and g are T and F respectively.
The given statement in symbolic formis p A Q.
~PAQETAF=F

=~ Truth value of the given statement is F.

Exercise 1.2 | Q 2.3 | Page 6

Write the truth value of the following statement.

A quadratic equation has two distinct roots or 6 has three prime factors.
Solution: Let p : A quadratic equation has two distinct roots.

g : 6 has three prime factors.

The truth values of p and q are F and F respectively.

The given statement in symbolic formis p v q.

~pVq=FVF=F

=~ Truth value of the given statement is F.

Exercise 1.2 | Q 2.4 | Page 6

Write the truth value of the following statement.

The Himalayas are the highest mountains but they are part of India in the North East.
Solution: Let p : Himalayas are the highest mountains.

g : Himalayas are the part of India in the north east.

The truth values of p and g are T and T respectively.

The given statement in symbolic formisp A q.

SPAQETATET

=~ Truth value of the given statement is T.

EXERCISE 1.3 [PAGE 7]

Exercise 1.3| Q 1.1 | Page 7
Write the negation of the following statement.

All men are animals.



Solution: Some men are not animals.

Exercise 1.3|Q 1.2 | Page 7
Write the negation of the following statement.

- 3 is a natural number.
Solution: — 3 is not a natural number.

Exercise 1.3| Q 1.3 | Page 7
Write the negation of the following statement.

It is false that Nagpur is capital of Maharashtra
Solution: Nagpur is capital of Maharashtra.

Exercise 1.3| Q 1.4 | Page 7
Write the negation of the following statement.
2+3#5

Solution: 2+3=5

Exercise 1.3|Q 2.1 | Page 7

Write the truth value of the negation of the following statement.
\5 is an irrational number.

Solution: Truth value of the given statementis T.

=~ Truth value of its negation is F.

Exercise 1.3 | Q 2.2 | Page 7

Write the truth value of the negation of the following statement.
London is in England.

Solution: Truth value of the given statement is T.

=~ Truth value of its negation is F.

Exercise 1.3 | Q 2.3 | Page 7
Write the truth value of the negation of the following statement.
Foreveryx e N, x + 3<8.

Solution: Truth value of the given statement is F.



=~ Truth value of its negation is T.
EXERCISE 1.4 [PAGES 10 - 11]

Exercise 1.4 | Q 1.1 | Page 10

Write the following statement in symbolic form.
If triangle is equilateral then it is equiangular.
Solution: Let p : Triangle is equilateral.

g : Triangle is equiangular.

The symbolic formis p — q.

Exercise 1.4 | Q 1.2 | Page 10
Write the following statement in symbolic form.

It is not true that “i” is a real number.
Solution: Let p :iis a real number.

The symbolic form is ~ p.

Exercise 1.4 | Q 1.3 | Page 10

Write the following statement in symbolic form.
Even though it is not cloudyi, it is still raining.
Solution: Let p : It is cloudy.

g : Itis raining.

The symbolic formis ~p A Q.

Exercise 1.4 | Q 1.4 | Page 10

Write the following statement in symbolic form.
Milk is white if and only if the sky is not blue.
Solution: Let p : Milk is white.

g : Sky is blue.

The symbolic formis p « ~q.

Exercise 1.4 | Q 1.5 | Page 10

Write the following statement in symbolic form.

Stock prices are high if and only if stocks are rising.

Solution: Let p : Stock prices are high.



g : Stock are rising

The symbolic formis p « q.

Exercise 1.4 | Q 1.6 | Page 10

Write the following statement in symbolic form.
If Kutub-Minar is in Delhi then Taj-Mahal is in Agra.
Solution: Let p : Kutub-Minar is in Delhi.

g : Taj-Mahal Is in Agra.

The symbolic formis p — q.

Exercise 1.4 | Q 2.1 | Page 11

Find the truth value of the following statement.
It is not true that 3 — 7i is a real number.

Solution: Let p : 3 —7iis a real number.

The truth value of pis F.

The given statement in symbolic form is ~p.
L~pE~F=T

=~ Truth value of the given statement is T.

Exercise 1.4 | Q 2.2 | Page 11
Find the truth value of the following statement.

If a joint venture is a temporary partnership, then discount on purchase is credited to the
supplier.

Solution: Let p : A joint venture is a temporary partnership. q : Discount on purchase is
credited to the supplier.

The truth value of p and g are T and F respectively.
The given statement in symbolic formis p — q.
~p—>q=T—>F=F

=~ Truth value of the given statement is F.

Exercise 1.4 | Q 2.3 | Page 11

Find the truth value of the following statement.

Every accountant is free to apply his own accounting rules if and only if machinery is an
asset.



Solution: Let p : Every accountant is free to apply his own accounting rules.
g : Machinery is an asset.

The truth values of p and g are F and T respectively.

The given statement in symbolic form is p < q.

“peoq=FoT=F

=~ Truth value of the given statement is F.

Exercise 1.4 | Q 2.4 | Page 11

Find the truth value of the following statement.
Neither 27 is a prime number nor divisible by 4.
Solution: Let p : 27 is a prime number.

g : 27 is divisible by 4.

The truth values of p and q are F and F respectively.
The given statement in symbolic formis~p A ~ Q.
S~PA~Q=E~FA~F=TATE=T

=~ Truth value of the given statement is T.

Exercise 1.4 | Q 2.5 | Page 11

Find the truth value of the following statement.

3 is a prime number and an odd number.

Solution: Let p : 3 is a prime number.

g : 3is an odd number.

The truth values of p and g are T and T respectively.
The given statement in symbolic formis p A Q.
SPAQETATET

=~ Truth value of the given statement is T.

Exercise 1.4 | Q 3.1 | Page 11

If p and q are true and r and s are false, find the truth value of the following
compound statement.

PA(@QAT)
Solution: pA(QATN=ETA(TAF)
=TAF



=F

Hence, truth value if F.

Exercise 1.4 | Q 3.2 | Page 11

If p and q are true and r and s are false, find the truth value of the following
compound statement.

(P—q)V(rAs)

Solution: (p—q)V(IAS)E(T>T)V(FAF)
=TVF

=T

Hence, truth value if T.

Exercise 1.4 | Q 3.3 | Page 11

If p and g are true and r and s are false, find the truth value of the following
compound statement.

~[(=pVvs)A(~qAarn)]

Solution: ~[(~pVS)A(~gADN=E~[(~TVF)A(-T AF)]
=~[FVF)A(FAF)

=~(FAF)

=~F

=T

Hence, truth value if T.

Exercise 1.4 | Q 3.4 | Page 11

If p and q are true and r and s are false, find the truth value of the following
compound statement.

(p—0q)—~(pVva)

Solution: (p > q) > ~pPVqQ) = (T->T) - (TVT)
ETeo~T

=ToF

=F

Hence, truth value if F.

Exercise 1.4 | Q 3.5 | Page 11



If p and g are true and r and s are false, find the truth value of the following
compound statement.

[(pVvs)—rVv~[~(p—aq)Vs]
Solution: [([pvs)—rlv~[~(p—q)Vs]
E(TVF)>Flv~[~(T—>T)VF]
=E(T->F)v~(~TVF)

=Fv~(FVF)
=FVv-~F
=FVT

=T

Hence, truth value is T.

Exercise 1.4 | Q 3.6 | Page 11

If p and g are true and r and s are false, find the truth value of the following
compound statement.

~[PV{FASIA~[(rA~s)Ad]
Solution: ~[pV (rAsS)|A~[(rA~s)Aq]
=E~[TV(FARIA~[(FA~F)AT]
E~(TVE)A~[(FAT)AT]
=~TA~(FAT)

=FA~F

=EFAT

=F

Hence, truth value is F.

Exercise 1.4 | Q4.1 | Page 11

Assuming that the following statement is true,

p : Sunday is holiday,

g : Ram does not study on holiday,

find the truth values of the following statements.
Sunday is not holiday or Ram studies on holiday.

Solution: Symbolic form of the given statementis ~ p v~q



S~pV~q=~TVv-~T
=FVF
=F

Hence, truth value is F.

Exercise 1.4 | Q4.2 | Page 11

Assuming that the following statement is true,

p : Sunday is holiday,

g : Ram does not study on holiday,

find the truth values of the following statements.

If Sunday is not holiday then Ram studies on holiday.

Solution: Symbolic form of the given statement is
~p—>~q

a~p—>~Qq=~T—>~T

=F->F

=T

Hence, truth value is T.

Exercise 1.4 | Q 4.3 | Page 11

Assuming that the following statement is true,

p : Sunday is holiday,

g : Ram does not study on holiday,

find the truth values of the following statements.

Sunday is a holiday and Ram studies on holiday.
Solution: Symbolic form of the given statementis p A ~Q
SPA~Q=ETA~T

=TAF

=F

Hence, truth value is F.

Exercise 1.4 | Q5.1 | Page 11



If p: He swims

g : Water is warm

Give the verbal statement for the following symbolic statement.
P—~q

Solution: He swims if and only if water is not warm.

Exercise 1.4 | Q5.2 | Page 11

If p: He swims

g : Water is warm

Give the verbal statement for the following symbolic statement.
~(pVva)

Solution: It is not true that he swims or water is warm.

Exercise 1.4 | Q5.3 | Page 11

If p: He swims

g : Water is warm

Give the verbal statement for the following symbolic statement.
q—p

Solution: If water is warm then he swims.

Exercise 1.4 | Q 5.4 | Page 11

If p: He swims

g : Water is warm

Give the verbal statement for the following symbolic statement.
qA~pD

Solution: Water is warm and he does not swim.

EXERCISE 1.5 [PAGE 12]

Exercise 1.5| Q1.1 | Page 12

Use quantifiers to convert the following open sentences defined on N, into a true
statement.

x2+3x-10=0



Solution: 3 x € N, suchthat x2+3x—-10=0

It is true statement, since x = 2 € N satisfies it.

Exercise 1.5|Q 1.2 | Page 12

Use quantifiers to convert the following open sentences defined on N, into a true
statement.

3x-4<9
Solution: 3 x € N, suchthat 3x-4<9
It is true statement, since

x =2, 3,4 € N satisfies 3x - 4 < 9.

Exercise 1.5|Q 1.3 | Page 12

Use quantifiers to convert the following open sentences defined on N, into a true
statement.

nzz1
Solution: v neN, n2=1

It is true statement, since all n € N satisfy it.

Exercise 1.5|Q 1.4 | Page 12

Use quantifiers to convert the following open sentences defined on N, into a true
statement.

2n-1=5
Solution: 3 n €N, suchthat2n-1=5

It is a true statement since alln = 3 € N satisfy 2n -1 =5.

Exercise 1.5| Q 1.5 | Page 12

Use quantifiers to convert the following open sentences defined on N, into a true
statement.

y+4>6
Solution: 3y € N, suchthaty +4 > 6

It is a true statement sincey =3, 4, ... € N satisfyy + 4 > 6.

Exercise 1.5| Q 1.6 | Page 12

Use quantifiers to convert the following open sentences defined on N, into a true
statement.



y-2<9
Solution: 3y € N, such that3y-2<9

It is a true statement sincey =1, 2, 3 € N satisfy it.
Exercise 1.5|Q 2.1 | Page 12

If B={2, 3, 5, 6, 7} determine the truth value of ¥ x € B such that x is prime number.
Solution: For x = 6, x is not a prime number.

~ X = 6 does not satisfies the given statement.

~ The given statement is false.

=~ It's truth value is F.
Exercise 1.5| Q 2.2 | Page 12

If B=1{2, 3, 5, 6, 7} determine the truth value of
AneB,suchthatn+6>12.

Solution: Forn=7,n+6=7+6=13>12
~ n =7 satisfies the equation n + 6 > 12.
~ The given statement is true.

~ It's truth value is T.
Exercise 1.5| Q 2.3 | Page 12

If B={2, 3, 5, 6, 7} determine the truth value of
3 n € B, such that 2n + 2 < 4.

Solution: There is no n in B which satisfies 2n + 2 < 4.
~ The given statement is false.

=~ It's truth value is F.
Exercise 1.5| Q 2.4 | Page 12

If B=1{2, 3, 5, 6, 7} determine the truth value of
vV y € B, such that y? is negative.

Solution: There is no y in B which satisfies y2 < 0.
~ The given statement is false.

~ It’s truth value is F.



Exercise 1.5| Q 2.5 | Page 12

If B={2, 3, 5, 6, 7} determine the truth value of
VyeB,suchthat (y-5) €N

Solution: Fory=2,y—-5=2-5=-3¢N.
=~y = 2 does not satisfies the equation (y — 5) € N.
~ The given statement is false.

~ It’s truth value is F.
EXERCISE 1.6 [PAGE 16]

Exercise 1.6 | Q 1.1 | Page 16

Prepare truth tables for the following statement pattern.

p—(~pVvaQ)

Solution:
p—(~pVva)
p q ~p ~pVvq p—(~pva)
T T F T T
T F F F F
F T T T T
F F T T T

Exercise 1.6 | Q 1.2 | Page 16

Prepare truth tables for the following statement pattern.
(~pva)A(~pVv~q)

Solution: (~=pvg)A(~pVv~Q)

p g ~p ~q ~pvq | ~pV~q | (~PVa)A(~pV~0Q)
T T F F T F F
T F F T F T F
F T T F T T T




Exercise 1.6 | Q 1.3 | Page 16

Prepare truth tables for the following statement pattern.

(PAT)—>(pV~0q)
Solution: (p AT) — (pV ~0q)

P q r ~q PAT pvV~q (PAT)—(pV~Qq)
T T T F T T T
T T F F F T T
T F T T T T T
T F F T F T T
F T T F F F T
F T F F F F T
F F T T F T T
F F F T F T T
Exercise 1.6 | Q 1.4 | Page 16
Prepare truth tables for the following statement pattern.
(PAQ)V~T
Solution: (pAQ)V ~r
Y q r ~r pA PAQ)V~T
T T T F T T
T T F T T T
T F T F F F
T F F T F T
F T T F F F
F T F T F T




F

Exercise 1.6 | Q 2.1 | Page 16

Examine whether the following statement pattern is a tautology, a contradiction

or a contingency.

qVv[~(pAaq)
Solution:
p pPAQ ~(pAQ) qVvi~(pAQg)
T T T F T
T F F T T
F T F T T
F F F T T

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

Exercise 1.6 | Q 2.2 | Page 16

Examine whether the following statement pattern is a tautology, a contradiction

or a contingency.

(~gAp)A(PA~D)

Solution:
p q ~p ~q (~aAp) (PA~p) | (~QAP)A(PA~P)
T T F F F F F
T F F T T F F
F T T F F F F
F F T T F F F

All the truth values in the last column are F. Hence, itis a contradiction.

Exercise 1.6 | Q 2.3 | Page 16

Examine whether the following statement pattern is a tautology, a contradiction

or a contingency.




(PA~q)—(~pA~Qq)

Solution:
p q ~p ~q pPA~q ~pA~q | (pPA~Q)—(~PA~0)
T T F F F F T
T F F T T F F
F T T F F F T
F F T T F T T

The truth values in the last column are not identical. Hence, it is contingency.

Exercise 1.6 | Q 2.4 | Page 16

Examine whether the following statement pattern is a tautology, a contradiction
or a contingency.

~p—>(pP—~0)
Solution:
p q ~p ~q p—~q ~p—(p—~q)
T T F F F T
T F F T T T
F T T F T T
F F T T T T

All the truth values in the last column are T. Hence, it is tautology.

Exercise 1.6 | Q 3.1 | Page 16

Prove that the following statement pattern is a tautology.
(PAQ)—q

Solution:

p q pAQ (PAG)—q
T T T T




T F F T
F T F T
F F F T
All the truth values in the last column are T. Hence, it is tautology.
Exercise 1.6 | Q 3.2 | Page 16
Prove that the following statement pattern is a tautology.
(P—q) = (~a—~p)
Solution:
p q ~p ~q p—q ~q—~p | (P—9q)<(~q—~p)
T T F F T T
T F F T F F T
F T T F T T T
F F T T T T T

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

Exercise 1.6 | Q 3.3 | Page 16

Prove that the following statement pattern is a tautology.

(~pA~q)—(p—Qq)

Solution:
p q ~p ~q ~pA~q p—q (~pA~q)—(p—q)
T T F F F T T
T F F T F F T
F T T F F T T
F F T T T T T

All the truth values in the last column are T. Hence, itis a tautology.

Exercise 1.6 | Q 3.4 | Page 16

Prove that the following statement pattern is a tautology.




(~pv~q)e~(pAaq)

Solution:
p ~p ~q ~pv~q | pPAQ | ~pV~(q (~pV~qe~(p
AQ)
T T F F F T F T
T F F T T F T T
F T T F T F T T
F F T T T F T T

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

Exercise 1.6 | Q 4.1 | Page 16

Prove that the following statement pattern is a contradiction.

(PVva)A(=pA-~0q)

Solution:
P ~p ~q pvq ~pA~q | (PVA)A(~PA~Q)
T T F F T F F
T F F T T F F
F T T F T F F
F F T T F T F
All the truth values in the last column are F. Hence, it is a contradiction.
Exercise 1.6 | Q 4.2 | Page 16
Prove that the following statement pattern is a contradiction.
(PAQ)A~P
Solution:
P q ~p PAQ (PAQ)A~P
T T T F
T F F
F T T F F




F

F

T

F

All the truth values in the last column are F. Hence, it is a contradiction.

Exercise 1.6 | Q 4.3 | Page 16

Prove that the following statement pattern is a contradiction.

(PAQ)A(-pV~0Q)

Solution:
p q ~Pp | =4 | 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, it is a contradiction.

Exercise 1.6 | Q 4.4 | Page 16

Prove that the following statement pattern is a contradiction.

(P—a)A(pA~q)

Solution:
p ~q | P—d| PpA~q (P—a)A(pPA~0)
T F| T F F
T T| F T F
F F| T F F
F T T F F




All the truth values in the last column are F. Hence, it is a contradiction.

Exercise 1.6 | Q 5.1 | Page 16

Show that the following statement pattern is contingency.

(PA~q) — (~pA~Q)

Solution:
p q ~p ~q PA~q ~pA~q | (PA~Q)—(~PA~Q)
T T F F F F T
T F F T T F F
F T T F F F T
F F T T F T T
The truth values in the last column are not identical. Hence, it is contingency.
Exercise 1.6 | Q 5.2 | Page 16
Show that the following statement pattern is contingency.
(P—q)e(~pva)
Solution:
P ~p p—q ~pvq (p—q)—(~pva)
T F T T T
T F F F T
F T T T T
F T T T T

All the truth values in the last column are T. Hence, it is a tautology. Not contingency.

Exercise 1.6 | Q 5.3 | Page 16

Show that the following statement pattern is contingency.

pA[(p—~q)—d]

Solution:

p

p—~q

(p—~a)—q

PAl(p—~q)—d]




T T F F T T
T F T T F F
F T F T T F
F F T T F F
Truth values in the last column are not identical. Hence, it is contingency.
Exercise 1.6 | Q 5.4 | Page 16
Show that the following statement pattern is contingency.
P—a)A(p—T)
Solution:
p q r p—q p—r (P—a)A(p—r)
T T T T T T
T T F T F F
T F T F T F
T F F F F F
F T T T T T
F T F T T T
F F T T T T
F F F T T T
The truth values in the last column are not identical. Hence, it is contingency.
Exercise 1.6 | Q 6.1 | Page 16
Using the truth table, verify
pv@AnN=(evaAapvr
Prove that the following pair of statement patterns is equivalent.
pv(@arnand(pva)A(pVvr)
Solution:
1 4 5 6 7 8
P QAT PV(QAr) pvq pvr (PVa)A(pvr)
T T T T T T




T T F F T T T T
T F T F T T T T
T F F F T T T T
F T T T T T T T
F T F F F T F F
F F T F F F T F
F F F F F F F F
The entries in columns 5 and 8 are identical.
~pV@AN=E(@EVaA(PV)
Exercise 1.6 | Q 6.2 | Page 16
Using the truth table, verify
p—(pP—0q=~g—(p—aq)
Solution:
1 2 3 4 5 6
p q ~q p—q p—(p—q) ~q—(p—q)
T T F T T T
T F T F F F
F T F T T T
F F T T T T
In the above truth table, entries in columns 5 and 6 are identical.
“p—=>(P—-0q)=~q—(p—Qq)
Exercise 1.6 | Q 6.3 | Page 16
Using the truth table, verify
~P—~q)=pA~(~q)=pAQ
Solution:
1 2 3 4 ) 6 7 8
p q ~q p—~q ~(~q) | PA~(=q) | PAQ

~(p—~q)




T T F F T T T T
T F T T F F F F
F T F T F T F F
F F T T F F F F
In the above table, entries in columns 5, 7, and 8 are identical.
~~(p—~q)=EpA~(~q)=pAQ
Exercise 1.6 | Q 6.4 | Page 16
Using the truth table, verify
~(pva)Vv(=pAQ)=E~p
Solution:
1 2 3 4 5 6 7
p q ~p (pva) ~(pva) | ~PAg | ~(PVQ)V(~PAQ)
T T F T F F F
T F F T F F F
F T T T F T T
F F T F T F T
In the above truth table, the entries in columns 3 and 7 are identical.
~~(pvaVv(~pAQg)=~p
Exercise 1.6 | Q 7.1 | Page 16
Using the truth table, verify
pv@AnN=(evaAapvr
Prove that the following pair of statement patterns is equivalent.
pv(@arnand(pva)A(pVvr)
Solution:
1 2 3 4 5 6 7 8
p q r qAr | pv(gAr) | pvq pvr | (PVa)A(pvr)
T T T T T T T
T T F F T T T T




T F T F T T T T
T F F F T T T T
F T T T T T T T
F T F F F T F F
F F T F F F T F
F F F F F F F F
The entries in columns 5 and 8 are identical.
“PV@ATE(PVA APV
Exercise 1.6 | Q 7.2 | Page 16
Prove that the following pair of statement pattern is equivalent.
p—gand(p—q)A(qg—p)
Solution:
1 2 3 4 5 6
p q p—q p—q q—p (P—a)A(q—p)
T T T T T
T F F F T F
F T F T F F
F F T T T T
In the above table, entries in columns 3 and 6 are identical.
=~ Statement p < qand (p — q) A (Q — p) are equivalent.
Exercise 1.6 | Q 7.3 | Page 16
Prove that the following pair of statement pattern is equivalent.
p—qgand~q—~pand~pVvq
Solution:
1 2 3 4 5 6 7
p q ~p ~q P—q ~q—~p | ~PVQ
T T F F T T T
T F F T F F F




F T

F

T

In the above table, entries in columns 5, 6 and 7 are identical

.. Statement p — q and ~q — ~p and ~p Vv g are equivalent.

Exercise 1.6 | Q 7.4 | Page 16

Prove that the following pair of statement pattern is equivalent.

~(pAg)and~pV~q

Solution:
1 2 3 4 5 6 7
p q ~p ~q PAq ~(pAg) | ~pv~q
T T F F T F F
T F F T F T T
F T T F F T T
F F T T F T T

In the above table, entries in columns 6 and 7 are identical.

=~ Statement ~(p A q) and ~p vV ~q are equivalent.

EXERCISE 1.7 [PAGE 17]

Exercise 1.7 | Q 1.1 | Page 17
Write the dual of the following:

(pvavr

Solution: (pAQ) AT

Exercise 1.7 | Q 1.2 | Page 17
Write the dual of the following:
~PVaAPV~(A~T)]

Solution: ~(pAQ)VI[pA~(QV ~T)]

Exercise 1.7 | Q 1.3 | Page 17

Write the dual of the following:




pv(@vn=(vavr
Solution: pA(@ATNS(PAQ)AT
Exercise 1.7 | Q 1.4 | Page 17
Write the dual of the following:
~(PAQ)E~pV~qQ

Solution: ~(pvQq)=~pA~(
Exercise 1.7 | Q 2.1 | Page 17

Write the dual statement of the following compound statement.

13 is a prime number and India is a democratic country.
Solution: 13 is a prime number or India is a democratic country.

Exercise 1.7 | Q 2.2 | Page 17
Write the dual statement of the following compound statement.

Karina is very good or everybody likes her.
Solution: Karina is very good and everybody likes her.

Exercise 1.7 | Q 2.3 | Page 17
Write the dual statement of the following compound statement.

Radha and Sushmita cannot read Urdu.
Solution: Radha or Sushmita cannot read Urdu.

Exercise 1.7 | Q 2.4 | Page 17
Write the dual statement of the following compound statement.

A number is a real number and the square of the number is non-negative.

Solution: A number is a real number or the square of the number is non-negative.
EXERCISE 1.8 [PAGE 21]

Exercise 1.8 | Q 1.1 | Page 21
Write the negation of the following statement.

All the stars are shining if it is night.



Solution: Let g : All stars are shining.

p : Itis night.

The given statement in symbolic form is p — q. It's negationis~(p —>q)=p A ~(
=~ The negation of a given statement is ‘It is night and some stars are not shining’.
Exercise 1.8 | Q 1.2 | Page 21

Write the negation of the following statement.

VheEN,n+1>0
Solution: 3 n € Nsuch thatn+1<0.

Exercise 1.8 | Q 1.3 | Page 21
Write the negation of the following statement.

3neN, (n?+2)is odd number.
Solution: v n € N, (n? + 2) is not odd number.

Exercise 1.8 | Q 1.4 | Page 21
Write the negation of the following statement.

Some continuous functions are differentiable.
Solution: All continuous functions are not differentiable.

Exercise 1.8 | Q 2.1 | Page 21

Using the rules of negation, write the negation of the following:
(P—r)AQ

Solution: ~[(p = r)Aq]=~(p — r) vV ~q ....[Negation of conjunction]
SE(pA~NV~q ... [Negation of implication]

Exercise 1.8 | Q 2.2 | Page 21

Using the rules of negation, write the negation of the following:

~(pva)—r
Solution: ~[~(pv q) = r]=~(p Vv q) A ~r ...[Negation of implication]

S(~pA~Q)A~T ... [Negation of disjunction]

Exercise 1.8 | Q 2.3 | Page 21



Using the rules of negation, write the negation of the following:
(~pAQ)A(=qV~T)

Solution: ~[(~p A Q) A (~q V ~T1)]

=~~pAq)Vv~(~qVv-~r) ..[Negation of conjunction]
=[~(~p)Vv~q]VI[-(=q) A~(~r)] ...[Negation of conjunction and disjunction]

=(pv~qQVv@vr ... [Negation on negation]

Exercise 1.8 | Q 3.1 | Page 21
Write the converse, inverse, and contrapositive of the following statement.
If it snows, then they do not drive the car.

Solution: Let p : It snows.
g : They do not drive the car.

~ The given statementis p — q.

Its converse is q — p.
If they do not drive the car then it snows.

Its inverse is ~p — ~q.
If it does not snow then they drive the car.

Its contrapositive is ~q — ~p.

If they drive the car then it does not snow.

Exercise 1.8 | Q 3.2 | Page 21

Write the converse, inverse, and contrapositive of the following statement.
If he studies, then he will go to college.

Solution: Let p : He studies.
g : He will go to college.

~ The given statementis p — q.

Its converse is q — p.
If he will go to college then he studies.

Its inverse is ~p — ~q.
If he does not study then he will not go to college.

Its contrapositive is ~q — ~p.
If he will not go to college then he does not study.

Exercise 1.8 | Q 4.1 | Page 21

With proper justification, state the negation of the following.



P—a)Vvp—r
Solution: ~[(p — q) V (p — r)]
=~(p—>q)A~(p—r) ..[Negation of disjunction]

=(PA~q)A(pA-~r) ..[Negation of implication]

Exercise 1.8 | Q 4.2 | Page 21

With proper justification, state the negation of the following.
(p=q)Vv(~q—-T)

Solution: ~[(p < q) V (~q — ~r)]

=E~(peqg)A(~q— ~r) ....[Negation of disjunction]
=[(pA~q)V(gA~p)] A~(~g— ~r) ...[Negation of double implication]
E[pA~qQ)V(QA~p)]A[-gA~(~r)] ...[Negation of implication]
E[pA~qQ)V(QA~p)]A(~gAT) ...[Negation of negation]

Exercise 1.8 | Q 4.3 | Page 21

With proper justification, state the negation of the following.
(P—q)Ar

Solution: ~[(p — q) A 1]

=~(p—q)Vv~r ..[Negation of conjunction]

=(pA~q)Vv~r ...[Negation of implication]

EXERCISE 1.9 [PAGE 22]

Exercise 1.9| Q 1.1 | Page 22

Without using truth table, show that

poq=(pAg)V(~pA~Q)

Solution: L.H.S.

=p<q

=(p—a)A(Q—p)

=(~pva)A(=qVp)

SE~pA(~qvplvigAa(~qVvp)] ...[Distributive law]
Sl(~pA~qV(pAplVIi@Ar~agVv@Aap)] ... [Distributive Law]
S[(~pA~q)VF]VIFV(gAP)] ....[Complement Law]



=S(~pA~q)V(QAPp) ..[ldentity Law]
=(PpAQ)V(~pA~Qq) ..[Commutative Law]
=R.H.S.

Exercise 1.9 | Q 1.2 | Page 22
Without using truth table, show that
pAl~pvaVv~ql=p

Solution: L.H.S.
=pAl~pva)v~dq]

=pAl~pv(@QVv~Qq)] ... [Associative law]
=EpA(~pVvT) ... [Complement law]
=EpAT L [Identity law]

=p [Identity law]

=R.H.S.

Exercise 1.9 | Q 1.3 | Page 22

Without using truth table, show that
~l(pAQ)—~qal=pAq

Solution: L.H.S.

=~[(pArq)—~d]

=(PpAQg)A~(~Qq) ..[Negation of implication]

S(PAQAG ... [Negation of a negation]
=pA(QAQ) ...[Associative law]

=EpAQ ... [Identity law]

=R.H.S.

Exercise 1.9| Q 1.4 | Page 22

Without using truth table, show that
~T—>~PAQE[~(@—->r]—~p
Solution: L.H.S.

=E~r—>~(pAQ)

=~(~nv~(pPAq ..[pP—qg=~pvq]



=rv~(pAQ) ....[Negation of negation]

=rv(~pVv~q) ....[De Morgan’s law]

=~pv(~qvVvr ... [Commutative and associative law]
=~pV(qg—r) .[p—q=E~pvdq]

=Q@—=nv~-p ... [Commutative law]
=~~@Q@->nNv~p ... [Negation of negation]
=E~@—-nl—-~p .. [P—qg=~pvq]

=R.H.S.

Exercise 1.9 | Q 1.5 | Page 22
Without using truth table, show that

(pvag)—=r=(p—-rA(@—r)
Solution: L.H.S.

=(pva)—r

=~(pvagyvr ~[p—g—>~pvq]
S(~pA~QqQ)Vr ....[De Morgan’s law]
S(~pVDNA(~qVr) ... [Distributive law]
=p—-nNA(@—-n .. [P—q—~pvqd]
=R.H.S.

Exercise 1.9 | Q 2.1 | Page 22
Using the algebra of statement, prove that

[PA@VD]V[-rA~gAp]=p
Solution: L.H.S.

=lpA@vnlV[-rA~qgAp]

[pPA@QVDVI(=rA~gAp] ..[Associative Law]

S[pA(@qVvn]VI(~gA-~r)Ap] ....]Commutative Law]
SlpAa(vn]v[~(@vVvr)Ap] ....[De Morgan’s Law]
ElpAa(@QvnlvipAa~Qqvrn] ... [Commutative Law]
EpAl(qvr)v~(qvVvr)] ....[Distributive Law]

=EpAt [Complement Law]



=p ... [Identity Law]
=R.H.S.

Exercise 1.9 | Q 2.2 | Page 22

Using the algebra of statement, prove that
PAQVPA~V(PA~q)=E(pV~Q)

Solution: L.H.S.

=(PAVPA~-QV(-pPA~Q)

EpAqQVipA~q V(~pA~q)] ...[Associative Law]
EpAqQVI(gAp)V(~qA~p)] ...[Commutative Law]

=(PAqQ)V[-gA(pV~p)] ...[Distributive Law]
S(pAqQ)V(~gAt) ... [Complement Law]
S(pAqQV(a ... [ldentity Law]
S(pv~qQ)A@Vv~q) ... [Distributive Law]
=(pVv~Qq)At ....[Complement Law]
=pv~q ... [Identity Law]

=R.H.S

Exercise 1.9 | Q 2.3 | Page 22

Using the algebra of statement, prove that

PvaA(=pVv~q)=(pA~Q)V(~-pAQ)
Solution: L.H.S.

=(PvaA(~pv~a0)

S[pvaA~plvi(pvag A~q] ... [Distributive law]
S[pA~p)v@@A~plVvipA~agv@ar~aq] ... [Distributive law]
E[Fva~plVvipar~qgVF ... [Complement law]
S(QA~p)VpA~Qq ... [Identity law]

=S(pA~q)V(~pAQ) ...[Commutative law]

=R.H.S.

EXERCISE 1.10 [PAGES 22 - 27]

Exercise 1.10 | Q 1.1 | Page 27



Represent the truth of the following statement by the Venn diagram.
Some hardworking students are obedient.

Solution: Let U : The set of all students.
H : The set of all hardworking students.
O : The set of all obedient students.

Q9

The above Venn diagram represents truth of the given statement, HN O # ¢

U

Exercise 1.10 | Q 1.2 | Page 27
Represent the truth of the following statement by the Venn diagram.
No circles are polygons.

Solution: Let U : The set of all closed geometrical figures in plane.
P : The set of all polygons
C : The set of all circles.

N6

The above Venn diagram represents truth of the given statement, PN C # ¢

Exercise 1.10 | Q 1.3 | Page 27
Represent the truth of the following statement by the Venn diagram.
All teachers are scholars and scholars are teachers.

Solution: Let U : The set of all human beings.
T : The set of all teachers.
S : The set of all scholars

u




The above Venn diagram represents truth of the given statement, T=S

Exercise 1.10 | Q 1.4 | Page 22
Represent the truth of the following statement by the Venn diagram.
If a quadrilateral is a rhombus, then it is a parallelogram.

Solution: Let U : The set of all quadrilaterals.
P : The set of all parallelograms.
R : The set of all rhombuses.

U

The above Venn diagram represents truth of the given statement, R c P.

Exercise 1.10 | Q 2.1 | Page 27
Draw a Venn diagram for the truth of the following statement.
Some share brokers are chartered accountants.

Solution: Let U : The set of all human beings.
S : The set of all share brokers.
C : The set of all chartered accountants.

U

99

The above Venn diagram represents the truth of the given statementi.e., S N C # ¢.

Exercise 1.10 | Q 2.2 | Page 27
Draw a Venn diagram for the truth of the following statement.
No wicket keeper is bowler, in a cricket team.

Solution: Let U : The set of all human beings.
W : The set of all wicket keepers.
B : The set of all bowlers.



U

W

The above Venn diagram represents the truth of the given statementi.e., WN B = @.

Exercise 1.10 | Q 3.1 | Page 27
Represent the following statement by the Venn diagram.
Some non-resident Indians are not rich.

Solution: Let, U : The set of all human beings.
N : The set of all non-resident Indians.
R : The set of all rich people.

5

The above Venn diagram represents the truth of the given statementi.e., N - R# ¢

Exercise 1.10 | Q 3.2 | Page 27
Represent the following statement by the Venn diagram.
No circle is rectangle.

Solution: Let, U : The set of all geometrical figures.
C : The set of all circles.
R : The set of all rectangles.

Gl0)

The above Venn diagram represents the truth of the given statementi.e., CN R = @.

Exercise 1.10 | Q 3.3 | Page 27
Represent the following statement by the Venn diagram.

If nis a prime number and n # 2, then it is odd.



Solution: Let, U : The set of all real numbers.
P : The set of all prime numbers n and n # 2.
O : The set of all odd numbers.

u

The above Venn diagram represents the truth of the given statementi.e., P c O.
MISCELLANEOUS EXERCISE 1 [PAGES 29 - 34]

Miscellaneous Exercise 1| Q 1.01 | Page 29
Choose the correct alternative :

Which of the following is not a statement?

Smoking is injuries to health
2+2=4

2 is the only even prime number.

w np e

4. Come here
Solution: Come here

Miscellaneous Exercise 1 | Q 1.02 | Page 29
Choose the correct alternative :

Which of the following is an open statement?

1. xis anatural number.

2. Give answer a glass of water.

3. Wish you best of luck.

4. Good morning to all.
Solution: x is a natural number.

Miscellaneous Exercise 1 | Q 1.03 | Page 29
Choose the correct alternative :

LetpA(qVvr)=(pAq)V(pAr). Then, this law is known as.

1. commutative law



2. associative law
3. De-Morgan's law
4. distributive law

Solution: distributive law.

Miscellaneous Exercise 1 | Q 1.04 | Page 29
Choose the correct alternative :

The false statement in the following is

1. p A (~ p) is contradiction
2. (p —>q) < (~q— ~p)isacontradiction.
3. ~(~ p) < pis a tautology
4. pV (~ p) < pis atautology
Solution: (p — q) « (~ g — ~ p) is a contradiction.

Miscellaneous Exercise 1| Q 1.05 | Page 29
Choose the correct alternative :

For the following three statements

p : 2 is an even number.

g : 2 is a prime number.

r : Sum of two prime numbers is always even.
Then, the symbolic statement (p A q) — ~ r means.

1. 2is an even and prime number and the sum of two prime numbers is always

even.

2. 2is an even and prime number and the sum of two prime numbers is not always

even.

3. If 2is an even and prime number, then the sum of two prime numbers is

not always even.

4. If 2 is an even and prime number, then the sum of two prime numbers is also

even.

Solution: If 2 is an even and prime number, then the sum of two prime numbers is not

always even.

Miscellaneous Exercise 1 | Q 1.06 | Page 30

Choose the correct alternative :



If p : He is intelligent.
g : He is strong
Then, symbolic form of statement “It is wrong that, he is intelligent or strong” is

1. ~pv~p

2. ~(pAQ)

3. ~(pVva)

4. pv~(q
Solution: ~ (p v Q)

Miscellaneous Exercise 1| Q 1.07 | Page 30
Choose the correct alternative :

The negation of the proposition “If 2 is prime, then 3 is odd”, is

If 2 is not prime, then 3 is not odd.
2 is prime and 3 is not odd.

w N e

2 is not prime and 3 is odd.
4. If 2 is not prime, then 3 is odd.
Solution: 2 is prime and 3 is not odd.

Miscellaneous Exercise 1| Q 1.08 | Page 30
Choose the correct alternative :

The statement (~p A Q) V~ q is

1. pvg

2. pAQ

3. ~(pva)

. ~((PAQ)
Solution: ~ (p A Q).

N

Miscellaneous Exercise 1 | Q 1.09 | Page 30
Choose the correct alternative :

Which of the following is always true?

1. (p—>q)=~q—>~p
2. ~pvQq)=E~pVv~q
3. ~(pP—q)EpA~(



4. ~(pva)=~pA~q
Solution: ~(p—>q)=pA~aqQ.
Miscellaneous Exercise 1 | Q 1.1 | Page 30
Choose the correct alternative :
~(VvQV(~pAQq)is logically equivalent to
1. ~p
2. p
3

4. ~(¢
Solution: ~ p.

Miscellaneous Exercise 1 | Q 1.11 | Page 30
Choose the correct alternative :

If p and q are two statements then (p — q) < (~q— ~p)is

contradiction
tautology
Neither (i) not (ii)
4. None of the these

w R

Solution: tautology.

Miscellaneous Exercise 1| Q 1.12 | Page 30
Choose the correct alternative :

If p is the sentence ‘This statement is false’ then

1. truthvalue of pis T

2. truthvalueofpisF

3. pis both true and false

4. pis neither true nor false
Solution: p is neither true nor false

Miscellaneous Exercise 1| Q 1.13 | Page 30
Choose the correct alternative :

Conditional p — q is equivalent to



p—~q
~pVvVq
~p—>~q
4. pv~(Q

w e

Solution: ~p v q.

Miscellaneous Exercise 1 | Q 1.14 | Page 30
Choose the correct alternative :

Negation of the statement “This is false or That is true” is

That is true or This is false
That is true and This is false

g A

That is true and That is false
4. Thatis false and That is true
Solution: That is true and That is false.

Miscellaneous Exercise 1| Q 1.15 | Page 30
Choose the correct alternative :

If p is any statement then (p vV ~ p) is a

contingency
contradiction

w e

tautology
4. None of them

Solution: tautology.

Miscellaneous Exercise 1| Q 2.1 | Page 30
Fill in the blanks :

The statement q — p is called as the —— of the statement p — q.
Solution: The statement q — p is called as the Converse of the statement p — q.

Miscellaneous Exercise 1| Q 2.2 | Page 30
Fill in the blanks :

Conjunction of two statement p and q is symbolically written as



Solution: Conjunction of two statement p and q is symbolically written as p A g.

Miscellaneous Exercise 1 | Q 2.3 | Page 30
Fill in the blanks :

If p v g is true then truth value of ~pVv ~ qis
Solution: If p v g is true then truth value of ~p Vv ~ qis E.

Miscellaneous Exercise 1 | Q 2.4 | Page 30
Fill in the blanks :

Negation of “some men are animal’ is

Solution: Negation of “some men are animal” is No men are animals.

Miscellaneous Exercise 1| Q 2.5 | Page 30
Fill in the blanks :

Truth value of if x =2, then x2 = -4 is
Solution: Truth value of if x = 2, then x> = -4 is E.

Miscellaneous Exercise 1| Q 2.6 | Page 30
Fill in the blanks :

Inverse of statement pattern p < q is given by
Solution: Inverse of statement pattern p <> qis givenby ~p — ~ q.

Miscellaneous Exercise 1| Q 2.7 | Page 30
Fill in the blanks :

p < q is false when p and g have ——— truth values.
Solution: p « q is false when p and q have different truth values.

Miscellaneous Exercise 1| Q 2.8 | Page 31
Fill in the blanks :

Let p : the problem is easy. r : It is not challenging then verbal form of ~p — ris

Solution: Let p : the problem is easy. r : It is not challenging then verbal form of ~p —r

is If the problem is not easy them it is not challenging.
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Fill in the blanks :
Truth value of 2+ 3 =5ifandonlyif—-3>-9is

Solution: Truth value of 2+ 3 =5ifandonlyif—-3>-9is T.
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State whether the following statement is True or False :

Truth value of 2+ 3<6is F.

1. True
2. False

Solution: False.
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State whether the following statement is True or False :

There are 24 months in year is a statement.

1. True
2. False
Solution: True
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State whether the following statement is True or False :

p Vv q has truth value F is both p and g has truth value F.

1. True
2. False
Solution: False.
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State whether the following statement is True or False :
The negation of 10 + 20 = 30 is, it is false that 10 + 20 # 30.

1. True
2. False
Solution: False.
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State whether the following statement is True or False :

Dualof (pA~q)Vvtis(pv~q)VC.

1. True
2. False
Solution: False.
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State whether the following statement is True or False :

th)

Dual of “John and Ayub went to the forest” is “John and Ayub went to the forest”.

1. True
2. False
Solution: True.
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State whether the following statement is True or False :

“His birthday is on 29th February” is not a statement.

1. True
2. False
Solution: True.
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State whether the following statement is True or False :

X2 = 25 is true statement.

1. True
2. False

Solution: False.
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State whether the following statement is True or False :
Truth value of V5 is not an irrational number is T.
1. True



2. False
Solution: False.
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State whether the following statement is True or False :
pAt=Dp.

1. True
2. False
Solution: True.
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Solve the following :

State which of the following sentences are statements in logic.
Ice cream Sundaes are my favourite.

1. Is a statement
2. Is not a statement
Solution: Is a statement
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Solve the following :

State which of the following sentences are statements in logic.
x +3 =8 ; x is variable.

1. Is a statement
2. Is not a statement
Solution: Is a statement
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Solve the following :
State which of the following sentences are statements in logic.
Read a lot to improve your writing skill.
1. Is a statement
2. Is not a statement
Solution: Is not a statement
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Solve the following :

State which of the following sentences are statements in logic.
Z is a positive number.

1. Is a statement
2. Is not a statement
Solution: Is a statement
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Solve the following :

State which of the following sentences are statements in logic.
(a+b)’=a?+2ab+b?foralla, b €eR.

1. Is a statement
2. Is not a statement
Solution: Is a statement
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Solve the following :

State which of the following sentences are statements in logic.
(2+1)2=09.

1. Is a statement
2. Is not a statement
Solution: Is a statement
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Solve the following :

State which of the following sentences are statements in logic.
Why are you sad?

1. Is a statement
2. Is not a statement
Solution: Is not a statement
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Solve the following :

State which of the following sentences are statements in logic.
How beautiful the flower is!

1. Is a statement
2. Is not a statement
Solution: Is not a statement
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Solve the following :

State which of the following sentences are statements in logic.
The square of any odd number is even.

1. Is a statement
2. Is not a statement
Solution: Is a statement
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Solve the following :

State which of the following sentences are statements in logic.
All integers are natural numbers.

1. Is a statement
2. Is not a statement
Solution: Is a statement
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Solve the following :

State which of the following sentences are statements in logic.
If x is real number then x2 = 0.

1. Is a statement
2. Is not a statement
Solution: Is a statement
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Solve the following :



State which of the following sentences are statements in logic.
Do not come inside the room.

1. Is a statement

2. Is not a statement

Solution: Is not a statement
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Solve the following :
State which of the following sentences are statements in logic.
What a horrible sight it was!
1. Is a statement
2. Is not a statement
Solution: Is not a statement
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Which of the following sentence is a statement? In case of a statement, write
down the truth value.

The square of every real number is positive.

1. Is a statement
2. Is not a statement
Solution: It is a statement which is false. Hence, its truth value is F.
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Which of the following sentence is a statement? In case of a statement, write
down the truth value.

Every parallelogram is a rhombus.

1. Is a statement
2. Is not a statement
Solution: It is a statement which is false. Hence, its truth value is F.
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Which of the following sentence is a statement? In case of a statement, write
down the truth value.

a’?-b’=(a+b)(a-b)foralla,beR.



1. Is a statement
2. Is not a statement
Solution: It is a statement which is true. Hence, its truth value is T.
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Which of the following sentence is a statement? In case of a statement, write
down the truth value.

Please carry out my instruction.

1. Is a statement
2. Is not a statement
Solution: It is an imperative sentence. Hence, it is not a statement.
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Which of the following sentence is a statement? In case of a statement, write
down the truth value.

The Himalayas is the highest mountain range.

1. Is a statement
2. Is not a statement
Solution: It is a statement which is true. Hence, its truth value is T.
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Which of the following sentence is a statement? In case of a statement, write
down the truth value.

(x = 2) (x - 3) =x2 - 5x + 6 for all xeR.

1. Is a statement
2. Is not a statement
Solution: It is a statement which is true. Hence, its truth value is T.
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Which of the following sentence is a statement? In case of a statement, write
down the truth value.

What are the causes of rural unemployment?

1. Is a statement



2. Is not a statement
Solution: It is an interrogative sentence. Hence, it's not a statement.
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Which of the following sentence is a statement? In case of a statement, write
down the truth value.

or=1

1. Is a statement
2. Is not a statement
Solution: It is a statement which is true. Hence, its truth value is T.
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Which of the following sentence is a statement? In case of a statement, write
down the truth value.

The quadratic equation ax? + bx + ¢ = 0 (a # 0) always has two real roots.

1. Is a statement
2. Is not a statement

Solution: The quadratic equation ax? + bx + ¢ = 0 (a # 0) always has two real roots is a
statement.

Hence, its truth value is F.
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Which of the following sentence is a statement? In case of a statement, write
down the truth value.

What is happy ending?

1. Is a statement
2. Is not a statement
Solution: It is an interrogative sentence. Hence, it's not a statement.
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Assuming the first statement p and second as q. Write the following statement in
symbolic form.

The Sun has set and Moon has risen.



Solution: Let p : The sun has set.
g : The moon has risen

The symbolic formis p A g.
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Assuming the first statement p and second as g. Write the following statement in
symbolic form.

Mona likes Mathematics and Physics.

Solution: Let p : Mona likes Mathematics
g : Mona likes Physics

The symbolic formis p A Q.
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Assuming the first statement p and second as q. Write the following statement in
symbolic form.

3 is prime number if 3 is perfect square number.

Solution: Let p : 3 is a prime number.
g : 3 is a perfect square number.

The symbolic formis p « q.
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Assuming the first statement p and second as q. Write the following statement in
symbolic form.

Kavita is brilliant and brave.

Solution: Let p : Kavita is brilliant.
g : Kavita is brave.

The symbolic formis p A g.
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Assuming the first statement p and second as g. Write the following statement in
symbolic form.

If Kiran drives the car, then Sameer will walk.
Solution: Let p : Kiran drives the car.
g : Sameer will walk.

The symbolic formis p — q.
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Assuming the first statement p and second as q. Write the following statement in
symbolic form.

The necessary condition for existence of a tangent to the curve of the function is
continuity.

Solution: The given statement can also be expressed as ‘If the function is continuous,
then the tangent to the curve exists’.

Let p : The function is continuous
g : The tangent to the curve exists.

~ p — q is the symbolic form of the given statement.
[Note: Answer in the textbook is incorrect.]
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Assuming the first statement p and second as q. Write the following statement in
symbolic form.

To be brave is necessary and sufficient condition to climb the Mount Everest.

Solution: Assuming the first statement p and second as g. Write the following
statement in symbolic form.

To be brave is necessary and sufficient condition to climb the Mount Everest.
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Assuming the first statement p and second as q. Write the following statement in
symbolic form.

x3+y3=(x+y)difxy =0.

Solution: Letp: x3+y3=(x+Yy)3

g:xy=0

~ p < q is the symbolic form of the given statement.
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Assuming the first statement p and second as g. Write the following statement in
symbolic form.

The drug is effective though it has side effects.

Solution: The given statement can also be expressed as “The drug is effective and it
has side effects”

Let p : The drug is effective.
g : It has side effects.

~ p A g is the symbolic form of the given statement.



Miscellaneous Exercise 1 | Q 4.03 | Page 32

Assuming the first statement p and second as g. Write the following statement in
symbolic form.

If a real number is not rational, then it must be irrational.

Solution: Let p : A real number is not rational.
g : A real number must be irrational.

The symbolic formis p — q.
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Assuming the first statement p and second as q. Write the following statement in
symbolic form.

It is not true that Ram is tall and handsome.

Solution: Let p : Ram is tall.
g : Ram is handsome.

The symbolic form is ~(p A Q).

Miscellaneous Exercise 1| Q 4.03 | Page 32

Assuming the first statement p and second as q. Write the following statement in
symbolic form.

Even though it is not cloudy, it is still raining.

Solution: Let p : itis cloudy.
g : Itis still raining.

The symbolic formis ~p A q.
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Assuming the first statement p and second as g. Write the following statement in
symbolic form.

It is not true that intelligent persons are neither polite nor helpful.
Solution: Let p : Intelligent persons are neither polite nor helpful
The symbolic form is ~ p.

Alternate method:

Let p : Intelligent persons are polite.
g : Intelligent persons are helpful.
The symbolic formis ~(~p A ~ Q).
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Assuming the first statement p and second as g. Write the following statement in
symbolic form.

If the question paper is not easy then we shall not pass.

Solution: Let p : The question paper is not easy.
g : We shall not pass.

The symbolic formis p — q.
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If p : Proofis lengthy.
g : It is interesting.
Express the following statement in symbolic form.

Proof is lengthy and it is not interesting.
Solution: pA~q
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If p : Proofis lengthy.
g : It is interesting.
Express the following statement in symbolic form.

If proof is lengthy then it is interesting.
Solution: p —q
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If p : Proofis lengthy.
g : It is interesting.
Express the following statement in symbolic form.

It is not true that the proof is lengthy but it is interesting.
Solution: ~(p A Q)
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If p : Proof is lengthy.
g : Itis interesting.
Express the following statement in symbolic form.

It is interesting iff the proof is lengthy.
Solution: q < p
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Let p : Sachin wins the match.

g : Sachin is a member of Rajya Sabha.

r : Sachin is happy.

Write the verbal statement of the following.

(PAQ) VT

Solution: Sachin wins the match or he is the member of Rajya Sabha or Sachin is
happy.
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Let p : Sachin wins the match.

g : Sachin is a member of Rajya Sabha.

r : Sachin is happy.

Write the verbal statement of the following.

p—r
Solution: If Sachin wins the match then he is happy.
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Let p : Sachin wins the match.

g : Sachin is a member of Rajya Sabha.

r : Sachin is happy.

Write the verbal statement of the following.

~pVvq
Solution: Sachin does not win the match or he is the member of Rajya Sabha.
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Let p : Sachin wins the match.

g : Sachin is a member of Rajya Sabha.

r . Sachin is happy.

Write the verbal statement of the following.

p—(pAT)
Solution: If sachin wins the match, then he is the member of Rajyasabha or he is
happy.

Miscellaneous Exercise 1 | Q 4.05 | Page 32

Let p : Sachin wins the match.
g : Sachin is a member of Rajya Sabha.



r : Sachin is happy.
Write the verbal statement of the following.

p—q
Solution: If Sachin wins the match then he is a member of Rajyasabha.
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Let p : Sachin wins the match.

g : Sachin is a member of Rajya Sabha.

r : Sachin is happy.

Write the verbal statement of the following.

(PAG)A~T
Solution: Sachin wins the match and he is the member of Rajyasabha but he is not
happy.
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Let p : Sachin wins the match.

g : Sachin is a member of Rajya Sabha.

r : Sachin is happy.

Write the verbal statement of the following.

~(PVaAr

Solution: It is false that sachin wins the match or he is the member of Rajyasabha but

he is happy.
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Determine the truth value of the following statement.
4+5=70r9-2=5

Solution: Letp:4+5=7

q:9-2=5

The truth values of p and g are F and F respectively. The given statement in symbolic
formisp v q.

~pVgQ=FVF=F
=~ Truth value of the given statement is F.
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Determine the truth value of the following statement.
If9>1thenx?-2x+1=0forx=1



Solution: Letp:9>1
g:x?—2x+1=0forx=1

The truth values of p and q are T and T respectively. The given statement in symbolic
formisp — q.

Sp—o>qQET->TE=T

=~ Truth value of the given statement is T.
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Determine the truth value of the following statement.

X +y = 0 is the equation of a straight line if and only if y2 = 4x is the equation of the
parabola.

Solution: Let p : x + y = 0 is the equation of a straight line.
g : y? = 4x is the equation of the parabola.

The truth values of p and g are T and T respectively.
The given statement in symbolic form is p < q.

=~ Truth value of the given statement is T.
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Determine the truth value of the following statement.
Itis not truethat2+3=6o0r 12+ 3 =5

Solution: Letp:2+3=6

q:12+3=5

The truth values of p and q are F and F respectively.
The given statement in symbolic formis ~(p V q).

~~(pVvQg)=E~(FVF)=~F=T
=~ Truth value of the given statement is T.
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Assuming the following statement.

p : Stock prices are high.

g : Stocks are rising.

to be true, find the truth value of the following.

Stock prices are not high or stocks are rising.



Solution: Given that the truth values of both p and g are T.
The symbolic form of the given statementis ~p v q.
~~pVQ=E~TVT=FVT

Hence, truth value is T.
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Assuming the following statement.

p : Stock prices are high.

g : Stocks are rising.

to be true, find the truth value of the following.

Stock prices are high and stocks are rising if and only if stock prices are high.
Solution: The symbolic form of the given statement is

(P A Q)= p.

S(PAQ)epE(TAT) T

EToT

=T

Hence, truth value is T.
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Assuming the following statement.

p : Stock prices are high.

g : Stocks are rising.

to be true, find the truth value of the following.

If stock prices are high then stocks are not rising.
Solution: The Symbolic form of the given statementis p — ~q.
.'.p—>~qET—>~TET—>FEF

Hence, truth value is F.
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Assuming the following statement.

p : Stock prices are high.

g : Stocks are rising.

to be true, find the truth value of the following.



It is false that stocks are rising and stock prices are high.
Solution: The symbolic form of the given statement is ~(q A p).
~~(QApP)=E~(TAT)=~T=F

Hence, truth value is F.
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Assuming the following statement.

p : Stock prices are high.

g : Stocks are rising.

to be true, find the truth value of the following.

Stock prices are high or stocks are not rising iff stocks are rising.
Solution: The symbolic form of the given statement is (p V ~q) < q.
s(PV~q)q=(TVv~T)T

S(TVF) T

ETT

=T

Hence, truth value is T.
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Rewrite the following statement without using conditional —
(Hint:p—>qg=~pvQ)
If price increases, then demand falls.

Solution: Let p : Prince increases.
g : demand falls.

The given statement is p — q.
Butp—-qg=~pvaq.

The given statement can be written as ‘Price does not increase or demand falls’.
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Rewrite the following statement without using conditional —
(Hint:p —q=~pvaq)
If demand falls, then price does not increase.



Solution: Let p : demand falls.
g : Price does not increase.
The given statement is p — q.

Butp—-qg=~pva.

=~ The given statement can be written as ‘Demand does not fall or price does not

increase’.
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If p, g, r are statements with truth values T, T, F respectively determine the truth
values of the following.

(PAQ)— ~p.

Solution: (pAQ)—> ~p=(TAT)—>~T
=T - F

=F.

Hence, truth value is F.
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If p, q, r are statements with truth values T, T, F respectively determine the truth
values of the following.

pe(@—~p)
Solution:pe— (@—>~p) ST (T—H~T)
=T (T—F)

=ToF

=F

Hence, truth value is F.
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If p, q, r are statements with truth values T, T, F respectively determine the truth
values of the following.

(PA~a)V(~pAQ)

Solution: (pA~qQV(~PAQES(TA~T)V(~TAT)
SE(TAF)V(FAT)

=FVF



=F

Hence, truth value is F.
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If p, g, r are statements with truth values T, T, F respectively determine the truth
values of the following.

~(PAQq)—~(QAp)

Solution: ~(pAQ) > ~(QAP)E~(TAT)>~(TAT)
=~T>~T

=F->F

=T

Hence, truth value is T.
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If p, q, r are statements with truth values T, T, F respectively determine the truth
values of the following.

~[(Pp—a)e(pA~0)]

Solution: ~[(p = Q) @ (PA~Q=~[(T>T) = (TA~T)]
= ~[T & (TAF)]

=~(Te F)

=~F

=T

Hence, truth value is T.
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Write the negation of the following.
If AABC is not equilateral, then it is not equiangular.

Solution: Let p : A ABC is not equilateral.
g : A ABC is not equiangular.

The given statement is p — Q.
Its negationis~(p - qQ)=pA~(Q

~ The negation of given statement is 'A ABC is not equilateral and it is equiangular'.
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Write the negation of the following.
Ramesh is intelligent and he is hard working.

Solution: Let p : Ramesh is intelligent.
g : Ramesh is hard working.
The given statementis p A g.

Its negationis~(pAQ)=~pV ~(

=~ The negation of the given statement is ‘Ramesh is not intelligent or he is not hard-
working.’
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Write the negation of the following.

An angle is a right angle if and only if it is of measure 90°.

Solution:  Letp: An angle is a right angle.
g : An angle is of measure 90°.

The given statement is p < q.
Its negationis~(p <~ q)=(pA~Qq)V(qA~Pp)

=~ The negation of the given statement is ‘An angle is a right angle and it is not of
measure 90° or an angle is of measure 90° and it is not a right angle.’

Miscellaneous Exercise 1| Q 4.1 | Page 32
Write the negation of the following.
Kanchanganga is in India and Everest is in Nepal.

Solution: Let p : Kanchanganga is in India.
g : Everest is in Nepal.
The given statementis p A q.

Its negationis~(pAQ)=E~pV ~q.

The negation of a given statement is ‘Kanchanganga is not in India or Everest is not in
Nepal'.
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Write the negation of the following.

If x e AN B, then x € A and x € B.

Solution: Letp:x € ANB

qg:xX€eA

r:xXeB



The given statementisp — (Q A T).

lts negation is ~[p — (q A 1)], and
~p—@ANIEpA~(@AT)EPA~QV~T

~ The negation of given statementisx e AN Bandx & Aor x ¢ B.
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Construct the truth table for the following statement pattern.

(PA~q) < (q—p)

Solution:
p q ~q pPA~Q q—p (PA~q)—(q—p)
T T F F T F
T F T T T T
F T F F F T
F F T F T F
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Construct the truth table for the following statement pattern.

(~pVva)A(~pA~0q)

Solution:
p q | ~p ~q ~pvq ~pPA~q (~PVA)A(~pA~Q)
T T F F T F F
T F F T F F F
F T T F T F F
F F T T T T T
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Construct the truth table for the following statement pattern.

(pAT)—(pV~q)

Solution:
p q r ~q PAr pv~q (PAr)—(pVv~Qq)
T T T F T T T
T T F F F T T




T F T T T T T
T F F T F T T
F T T F F F T
F T F F F F T
F F T T F T T
F F F T F T T
Miscellaneous Exercise 1 | Q 4.11 | Page 33
Construct the truth table for the following statement pattern.
(pvr)—~(QqAr)
Solution:
p q r pvr qAr ~QAr) (pVr)—~(q A
9)
T T T T F F
T T T T T
T F T T F T T
T F F T F T T
F T T T T F F
F T F F F T T
F F T T F T T
F F F F F T T
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Construct the truth table for the following statement pattern.
(pVv~q)—(rAp)
Solution:
p q r ~q %¢ rAp (PV~q)—(rAp)
T T T F T T T
T T F F T F F
T F T T T T T
T F F T T F F
F T T F F F T




F T F F F F
F F T T T F F
F F F T T F r
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What is tautology? What is contradiction?

Show that the negation of a tautology is a contradiction and the negation of a
contradiction is a tautology.

Solution:

e Tautology:
A statement pattern having truth value always T, irrespective of the truth values
of its component statement is called a tautology.

« Contradiction:
A statement pattern having truth value always F, irrespective of the truth values
of its component statement is called a contradiction.

Let Statement p tautology. Consider, truth table
p ~p
T F

i.e., negation of tautology is contradiction.
Let statement of contradiction. Consider, truth table

g ~
F T

i.e., negation of contradiction is tautology.
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Determine whether the following statement pattern is a tautology, contradiction,
or contingency.

[(PAQ)V(=P)]VIpA(~-Q)

Solution:
p q ~p| ~q PAG | (PAQ)V(~P) | PA~Q | [(PAQ)V(~P)IVIPA(~0)]
T T F F T T F T
T F F T F F T T
F T T F F T F T
F F T T F T F T




All the truth values in the last column are T. Hence, it is a tautology.
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Determine whether the following statement pattern is a tautology, contradiction,
or contingency.

[(=pAQ)A(@ADN]V(~0)

Solution:
p [ a [ r[-p] ~a [-paa | arr [(-pAgA@A) [[(=pAQ)A@ANIV(-)
T [ T|T|F]| F F T F F
T | T|F|F]| F F F F F
T Fl T|F] T F F F T
T FlF|F] T F F F T
F T|TI|T] F T T T T
F T|F|T| F T F F F
F Fl T [T T F F F T
F FIF [T| T F F F T

Truth values in the last column are not identical. Hence, it is contingency.
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Determine whether the following statement pattern is a tautology, contradiction,
or contingency.

[~(Pp VvV Q) — p] < [(~p) A (~0)]

Solution:
P | a|~p|~q|pvg|~(pva) | ~(pva)—p | (=P)A(=d) | [~(pVa)—pl=[(~P)A(~q)]
T T|F | F | T F T F F
TIF|F | T| T F T F F
FIT|[ T | F | T F T F F
FIF| T T]|F T F T F




All the truth values in the last column are F. Hence, it is a contradiction.
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Determine whether the following statement pattern is a tautology, contradiction,

or contingency.

[~(p A Q) — p] < [(~p) A (~0)]

Solution:

P | a | ~p | ~a | pPAQ |~(PAQ) | ~(pPAQ)—P | (=P)A(=Q) | [~(PAC)—P]l<[(~P)A(~0)]
T|T|F|F | T F T F F
T|F|]F | T]|F T T F F

F| T| T]|F | F T F F T

FIF| T T]|F T F T F

Truth values in the last column are not identical. Hence, it is contingency.
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Determine whether the following statement pattern is a tautology, contradiction,

or contingency.

[P—(~qvr]e~p—(q—r)

Solution:
Plg|r|~q|~qvr|q—r|p—(q—or) | P—(~qvr)|~[p—(q—r)] | [P—(~qvr)]-~[p
—(q—r1)]

TIT|T|F| T T T T F F
TIT|F|F| F F F F T F
TIF|[T| T T T T T F F
TIF|F|T]| T T T T F F
FIT|T|F| T T T T F F
FITIF|F| F F T T F F
FIF|T|T| T T T T F F
FIFIF| T | T T T T F F

All the truth values in the last column are F. Hence, it is contradiction.
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Using the truth table, prove the following logical equivalence.




PA@VI)=E(PAQV(PAT)

Solution:
1 2 3 4 5 6 7 8
p q r qvr PA(QVr) PAq PAr (PAQ)V(PAT)
T T T T T T T T
T T F T T T F T
T F T T T F T T
T F F F F F F F
F T T T F F F F
F T F T F F F F
F F T T F F F F
F F F F F F F F

In the above truth table, the entries in columns 5 and 8 are identical.

~pA@VNE(@EAQV(PAT)
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Using the truth table, prove the following logical equivalence.

[Fpva)v(PVvalArsr

Solution:
1 2 3 4 5 6 7
p q r pvq ~(pva) | [~(pva)v(pva)] | [~(PVa)V(pVa)]Ar
T T T T F T
T T F T F F
T F T T F T T
T F F T F T F
F T T T F T T
F T F T F T F




T T
F T T F
In the above truth table, the entries in columns 3 and 7 are identical.
“[pvaVvpeVvalar=r
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Using the truth table, prove the following logical equivalence.
PA(PVQ)=EpAQ
Solution:
1 2 3 4 5 6
p q ~p ~pvq PA(~pVQ) PAQ
T T F T T T
T F F F F F
F T T T F F
F F T T F F
In the above truth table, the entries in columns 5 and 6 are identical.
“PA(PVA)EpPAQ
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Using the truth table, prove the following logical equivalence.
P—qg=~(pA~q)A~(dA~p)
Solution:
1 2 3 4 5 6 7 8 9 10
p q ~p ~q p—q | pA~q | ~(pA~q) | (QA~P) | ~(A~P) | ~(PA~Q)A~(Q
A ~p)
T T F F T F T F T T
T F F T F T F F T F




T

F

F

T

T

T

In the above truth table, the entries in columns 5 and 10 are identical.
“peq=~(pA~0q)A~(qA~p)
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Using the truth table, prove the following logical equivalence.

~pAd=E[(pV]A~p

Solution:
1 2 3 4 5 6
p q ~p ~pAq (pva) (PVa)A~p
T T F F T F
T F F F T F
F T T T T T
F F T F F F

In the above truth table, the entries in columns 4 and 6 are identical.

~~pAQE[pVa]A~p
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Write the converse, inverse, contrapositive of the following statement.

If2+5=10, then4 + 10 = 20.
Solution: Letp:2+5=10

g:4+10=20

~ The given statementis p — q.

Its converse is q — p.

If4+10=20,then2 +5=10

Its inverse is ~p — ~q.
If2+5#10then4 + 10 # 20.

Its contrapositive is ~q — ~p.
If4 +10 # 20 then 2 + 5 # 10.
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Write the converse, inverse, contrapositive of the following statement.
If a man is bachelor, then he is happy.

Solution: Let p : A man is bachelor.
g : Aman is happy.

~ The given statementis p — q.

Its converse is q — p.
If a man is happy then he is bachelor.

Its inverse is ~p — ~q.
If a man is not bachelor then he is not happy.

Its contrapositive is ~q — ~p.

If a man is not happy then he is not bachelor.
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Write the converse, inverse, contrapositive of the following statement.
If I do not work hard, then | do not prosper.

Solution: Let p : | do not work hard.
g : | do not prosper.

=~ The given statementis p — q.

Its converse is g — p.
If I do not prosper then | do not work hard.

Its inverse is ~p — ~q.
If I work hard then | prosper.

Its contrapositive is ~q — ~p.
If I prosper then | work hard.
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State the dual of the following statement by applying the principle of duality.

PA~V(=pAa)=(PVa A~(pAQq)
Solution: (pV~q)A(~=pVq)=(pAQ)V~(pVa)
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State the dual of the following statement by applying the principle of duality.

pv@vnzE~[(pagVv(rvs)



Solution: pA(QAN=E~[(pVvg) A(rAs)]
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State the dual of the following statement by applying the principle of duality.

2 is even number or 9 is a perfect square.
Solution: 2 is even number and 9 is a perfect square.
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Rewrite the following statement without using the connective ‘If ... then’.
If a quadrilateral is rhombus then it is not a square.

Solution: Let p : A quadrilateral is rhombus.

g : A quadrilateral is not a square.

The given statementis p — q.

Butp—qg=~pVvaq.

~ The given statement can be written as ‘A quadrilateral is not a rhombus or it is not a
square’.
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Rewrite the following statement without using the connective ‘If ... then’.
If 10 - 3 =7 then 10 x 3 # 30.

Solution: Letp:10-3=7

g:10x3#30

The given statement is p — q.

Butp—>qgq=~pVvaq.

=~ The given statement can be written as
'10-3#70r10 x 3 # 30"
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Rewrite the following statement without using the connective ‘If ... then’.
If it rains then the principal declares a holiday.

Solution: Let p : It rains.

g : The principal declares a holiday.

The given statement is p — Q.



Butp—qg=~pVvaq.

~ The given statement can be written as ‘It does not rain or the principal declares a
holiday’.
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Write the dual of the following.

(~pAQ)V(pA~q)V(~pA-~q)
Solution: (~=pvg)A(pV~q)A(~pV~Qq)
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Write the dual of the following.

(PAA)AT=EPA(QAT)
Solution: (pvqg)vr=pv(qVr)
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Write the dual of the following.

pv(@@AnNE(pvaA(@vr)
Solution: pA(QVr)=(pAQ)V(QAT)
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Write the dual of the following.

~(pVQ)=E~pA~q
Solution: ~(pAQ)=E~p V ~q
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Consider the following statements.

i. If D is dog, then D is very good.

ii. If D is very good, then D is dog.

iii. If D is not very good, then D is not a dog.

iv. If D is not a dog, then D is not very good. Identify the pairs of statements having the
same meaning. Justify.

Solution: Let p : D is dog.
g : D is very good.
Then the given statement in the symbolic formisi.p — q



iii. ~q — ~p

iv. ~p — ~q

Since a statement and its contrapositive are equivalent, statements (i) and (iii) have the
same meaning.

Since converse and inverse of a compound statement are equivalent, statements (ii)
and (iv) have same meaning.
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Express the truth of the following statement by the Venn diagram.
All men are mortal.

Solution: U : The set of all human being
A : The set of all men
B : The set of all mortal

u
B

AcR

The above Venn diagram represents the truth of the given statement, i.e. A c B.
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Express the truth of the following statement by the Venn diagram.
Some persons are not politician.

Solution: U : The set of all human beings.
X : The set of all persons.
Y : The set of all politician

Y-X#¢
The above Venn diagram represents the truth of the given statement, i.e. Y - X # ®
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Express the truth of the following statement by the Venn diagram.
Some members of the present Indian cricket are not committed.

Solution: U : The set of all human beings.
M : The set of all members of the present Indian cricket.
C : The set of all committed members of the present Indian cricket.

c U

C-M=¢
The above Venn diagram represents the truth of the given statement, i.e. C-M = ®
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Express the truth of the following statement by the Venn diagram.
No child is an adult.

Solution: U : Set of all human beings.
C : Set of all child.
A : Set of all Adult.

OO0

CnA=¢

The above Venn diagram represents the truth of the given statement, ie. CN A=
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If A={2,3,4,5,6,7, 8} determine the truth value of the following statement.
3x €A, suchthat3x+2>9

Solution: Forx=3,3x+2=3(3)+2=9+2=11>9

~ X = 3 satisfies the equation 3x + 2 > 9.

~ The given statement is true.

~ Its truth value is T.
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If A={2,3,4,5,6,7, 8}, determine the truth value of the following statement.
V X € A, X2 <18.

Solution: Forx =5, x?=52=25<18

~ X = 5 does not satisfies the equation x? < 18.

~ The given statement is false.

~ Its truth value is F.
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If A={2,3,4,5, 6,7, 8}, determine the truth value of the following statement.
3 x € A, such that x + 3 < 11.

Solution: Forx=2,x+3=2+3=5<11.

~ X = 2 satisfies the equation x + 3 < 11.

~ The given statement is true.

~ Its truth value is T.
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If A={2,3,4,5,6, 7, 8}, determine the truth value of the following statement.
VXEA X2+225,

Solution: There is no x in A which satisfies x2 + 2 2 5.

~ The given statement is false.

~ Its truth value is F.
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Write the negation of the following statement.
7 is prime number and Tajmahal is in Agra.

Solution: Let p : 7 is prime number.
g : Tajmahal is in Agra.

The given statement in symbolic formis p A Q.
Its negationis ~(p Aq) = ~p V ~Q.

=~ The negation of given statement is '7 is not prime number or Tajmahal is not in Agra.’
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Write the negation of the following statement.



10>5and 3<8

Solution: Letp: 10 > 5.
g:3<8.

The given statement in symbolic formis p A Q.
Its negationis ~(p AQq) = ~p V ~Q.

=~ The negation of given statementis '10<50r3 =8’
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Write the negation of the following statement.
| will have tea or coffee.

Solution: Let p : | will have tea.
g : I will have coffee.

The given statement in symbolic formis p v q.
Its negationis ~(p vV q) = ~p A ~Q.

=~ The negation of given statement is ‘I will not have tea and coffee’.
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Write the negation of the following statement.

VNeEN,n+3>09.
Solution: 3 n e Nsuchthatn+3<9.
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Write the negation of the following statement.

In€A, suchthatx +5< 11.

Solution: vV xXeA, x+5<11



