DAY THIRTY SIX

CLearning & Revision for the Day)

+ Statement (Proposition) + Elementary Operations of Logic + Tautology

+ Truth Value and Truth Table | « Converse, Inverse and + Contradiction (Fallacy)
Contrapositive of an Implication | 4 Algebra of Statement

Sentence

A sentence is a relatively independent grammatical unit. It can stand alone or it can be
combined with other sentences to form a text, a story etc. Sentences can be divided into
different types as declarative, interrogative, imperative, exclamatory and operative
sentences.

Statement (Proposition)
A statement is a sentence which is either true or false but not both simultaneously i.e.
ambiguous sentence are not considered as statements.
The working nature of statement in logic is same as nature of switch in circuit.
ON (1) True (T)

i.e. Switch and Statement
N\ OF N\ False

F (0) (F)

Types of statements
1. Simple statement A statement, which cannot be broken into two or more
sentences, is a simple statement.
Generally, small letters p,q, r, . . . denote simple statements.

2. Compound statement A statement formed by two or more simple statements
using the words such as “and”, “or”, “not”, “if then”, “if and only if”, is called a

compound statement.
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3. Substatements Simple statements which when
combined to form a compound statement are called
substatements or components.

NOIE « A true statement is known as a valid statement.

* A false statement is known as an invalid statement.

* Imperative, exclamatory, interrogative, optative sentences
are not statements.

* Mathematical identities are considered to be statements
because they can either be true or false but not both.

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

Truth Value and Truth Table

e A statement can be either ‘true’ or ‘false’, which are called
truth values of a statement and it is represented by the
symbols ‘T’ and ‘F’, respectively.

e A table that shows the relationship between the truth
values of compound statement, S(p,q, r,...) and the truth
values of its substatements p,q,r,...etc., is called the truth
table of statement S.

e If a compound statement has simply n substatements, then
there are 2" rows representing logical possibilities.

Logical Connectives or Sentencial
Connectives

Two or more statements are combined to form a compound
statement by using symbols. These symbols are called logical
connectives.

Logical connectives are given below

Words Symbols
and O
or a
implies that (if ..., then) O
If and only if (implies and is implied by) -

Elementary Operations of Logic

Formation of compound sentences from simple sentence using
logical connectives are termed as elementary operation of logic.

There are five such operations, which are discussed below.

1. Negation (Inversion) of Statement

(i) A statement which is formed by changing the truth value
of a given statement by using word like ‘no’ or ‘not’ is
called negation of a given statement. It represents the
symbol ‘~.

5

(ii) If pis statement, then negation of p is denoted by ‘~ p'.
(iii) The truth table for NOT is given by

~p

2. Conjunction (AND)

A compound sentence formed by two simple Ay A
sentences p and g using connective “AND” is e
called the conjunction of p and g and is

represented by p Oq. .

The truth table for operation ‘AND’ is given by

p Oq

CRECRES RS R -
Mg Q
o g O

NOTE « The statement p Ogis true, if both pand g are true.

* The statement p Oqis false, if atleast one of pand gor both
are false.

3. Disjunction (OR)

A compound sentence formed by two simple sentences p and
q using connective “OR” is called the disjunction of p and ¢
and is represented by p Ogq.

The truth table for operation ‘OR’ is given by

P q pUq
T T T
T F T
F T T
F F F

NOTE « The statement p [qis true, if atleast one of pand g or both
are true.

* The statement p Oq s false, if both p and g are false.

4. Implication (Conditional)

A compound sentence formed by two simple sentences p
and g using connective “if ... then ..” is called the
implication of p and g and represented by p O g which is
read as “pimplies q”.
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Here, p is called antecedent or hypothesis and g is called
consequent or conclusion.

The truth table for if ... then is given by

P q pdq ~p ~plq
T T T F T
T F F F F
F T T T T
F F T T T

It is clear from the truth table that column III is equal to
column V. i.e. statement p 0 q is equivalent to ~ p Ogq.

5. Biconditional Statement

Two simple sentences connected by the phrase “if and only
if,” form a biconditional statement. It is represented by the

symbol ‘.
The truth table for if and only if is given by

P 9@ p-q ~p ~q ~plq pO~q (~plq)
Od ~q)
T T T F F T T T
T F F F T F T F
F T F T F T F F
F F T T T T T T
E * It is clear from the truth table that column Il is equal to

column VIII. ie. statement p = g is equivalent to
(~pOgd @ ~q).

° The statement p = qis true, if either both are true or both
are false.

° The statementp = gis false, if exactly one of them is false.

Converse, Inverse and
Contrapositive of an Implication

For any two statements p and g,
(i) Converse of the implication ‘if p, then ¢’ is ‘if ¢, then p’
ie.gqd p
(ii) Inverse of the implication ‘if p, then q’ is ‘if ~ p, then
~q’'ie.~p-~q.
(iii) Contrapositive of the implication ‘if p, then q’ is ‘if ~q,
then~p’ ie.~q -~ p.

NOTE « ~(pO g ~(~pvgr (B (~qB ~(p = q ={pO(~q)}
c~p0gE (P ~@ Qg ~p)
*pOg ~pl g

cp=qer=p=I(qg=r)
cpeg=(pU0q @G p

Tautology

A compound statement is called a tautology, if it has truth
value T whatever may be the truth value of its compounds.

Statement (p O ) [P

The truth table of above statement is prepared as follows.

q is a tautology.

P q plg pOg p (pO4g P q
T T T T T
T F F F T
F T T F T
F F T F T

Contradiction (Fallacy)

A compound statement is called contradiction, if its truth
value is F whatever may be the truth value of its components.
Statement ~ p 0 p is a contradiction.

The truth table of above statement is prepared as follows

P ~p ~pOp
T F F
F T F

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

Algebra of Statement

Some of the important laws considered under the category of
algebra of statements are given as
1. Idempotent Laws
For any statement p, we have

(@ pOp=p (b) pOp= p
2. Commutative Laws
For any two statements p and g, we have

(@) pOg= q0 p (b) p Og= qU p
3. Associative Laws
For any three statements p,q and r, we have

(@) (pUgU E pl [ 1)
(b) (pOg0 E pl @ 1)
4. Distributive Laws
(a) pl@ ¥ (A1 @ [ 1)
(b) pO@l s (¥ @ O 1)
5. Involution Laws
For any statement p, we have ~(~ p) = p

6. De-morgan’s Laws
(@) ~(pOg= ~pl ~q
(b) ~(pDg= ~pO ~q
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7. Complement Laws
For any statement p ,we have
(@ pO~p=T (b) pO~p=F
(¢) ~T=F (d)~F=T
8. Identity Laws
For any statement p, we have
(@) pOT= p (b) p OF= p
(c) pOT=T (d) pOF= F
where, T and F are the true and false statement.

9. Duality

e Two compound statements S, and S, are said to be
duals of each other, if one can be obtained from the
other by replacing Oby Oand O by [0

¢ The connectives Jand Oare also called duals of
each other.

e Symbolically, it can be written as , if
S(p,q) = p Oq, then its dual is S * (p,q) = p Oq.

(DAY PRACTICE SESSION 1)

FOUNDATION QUESTIONS EXERCISE

1 Which of the following is not a statement? = NCERT Exemplar
(a) Smoking is injurious to health
by2+2=4
(c) 2 is the only even prime number
(d) Come here

2 The negation of the statement
“72 is divisible by 2 and 3" is = NCERT Exemplar

(a) 72 is not divisible by 2 or 72 is not divisible by 3
(b) 72 is not divisible by 2 and 72 is not divisible by 3
(c) 72 is divisible by 2 and 72 is not divisible by 3

(d) 72 is not divisible by 2 and 72 is divisible by 3

3 The dual of the statement (p Og)XJ ris
(@) (pUgXr (b) (p OgX r
(c) (pOqgr (d) None of these
4 Choose disjunction among the following sentences
(a) It is raining and the Sun is shining
(b) Ram and Shyam are good friends
(c) 2 or 3is a prime number
(d) Everyone who lies in India is an Indian

5 Which among the following is not a conjunction?

(a) Gautam and Rahul are good friends
(b) The Earth is round and the Sun is hot
(c)9>4and12>15

(d) None of the above

6 If p:anatural number nis odd and g : natural number n
is not divisible by 2, then the biconditional statement
p e qis = NCERT
(a) A natural number nis odd if and only if it is divisible by 2
(b) A natural number nis odd if and only if it is not divisible

by 2

(c) If a natural number nis odd, then it is not divisible by 2
(d) None of the above

7 The logically equivalent proposition of p = g is

(@) (pOgo (& g () (pOd) @ p
(c) (pOgd (@ p) (d) (pOg0 @ q)

8 If both p and g are false, then
(a) pOqis true (b) pOqgis true
(c) p O qistrue (d) p = gisfalse
9 The negation of ‘12 > 4’ is

(a) 12<4 (b) 13>5 (c)12>3 (d)y 12=4

10 Which among the following is not a negation of ‘The Sun
is a star?
(a) The Sun is not a star.
(b) It is not the case that Sun is a star.
(c) Itis false that the Sun is a star.
(d) It is true that the Sun is a star.

11 Which of the following is not equivalentto p « g?
(a) pifandonlyifg

(b) pis necessary and sufficient for g

(c) gifandonly if p

(d) None of the above

12 For integers m and n, both greater than 1, consider the
following three statements = JEE Mains 2013
P:mdividesn Q:mdividesn® R:mis prime, then

(a)QUR- P (b)POQ- R
c)Q - R Q- P

13 If pand g are two statements such that
p : the questions paper is easy
q : we shall pass,
then the symbolic statement ~ p - ~ g means
(a) If the question paper is easy, then we shall pass
(b) If the question paper is not easy, then we shall not pass
(c) The question paper is easy and we shall pass
(d) The question paper is easy or we shall pass
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14 For the following three statements
p: 2is an even number
q : 2is a prime number.
r: Sum of two prime numbers is always even, then the
symbolic statement(p0q)- ~r means

(a) 2 is an even and prime number and the sum of two
prime numbers is always even

(b) 2 is an even and prime number and the sum of two
prime numbers is not always even

(c) 2is an even and prime number, then the sum of two
prime numbers is not always even

(d) 2 is an even and prime number, then the sum of two
prime numbers is always even

15 The converse of the statement
‘“ft x>y, thenx+a>y +a’is = NCERT Exemplar
(a) If x<ythenx+a<y+a (b)lf x+a>y+athenx>y
(c)lfx<ythenx+a>y+a (d)If x>y, thenx+a<y+a
16 Consider the following statements
p . If a number is divisible by 10, then it is divisible
by 5.
q : If a number is divisible by 5, then it is divisible
by 10.
Then, the correct option is

(a) gis converse of p
(c) pis not converse of g

(b) pis converse of q
(d) Both (a) and (b)

17 The negation of the statement. “If | become a teacher,
then | will open a school”, is = AIEEE 2012

(a) I will become a teacher and | will not open a school

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

(c) Neither | will become a teacher nor | will open a school

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

18 Find the contrapositive of “If two triangles are identical,
then these are similar”.

(a) If two triangles are not similar, then these are not
identical

(b) If two triangles are not identical, then these are not
similar

(c) If two triangles are not identical, then these are similar

(d) If two triangles are not similar, then these are identical

19 The contrapositive of the statement
“If 7 is greater than 5, then 8 is greater than 6” is
= NCERT Exemplar
(a) If 8 is greater than 6, then 7 is greater than 5
(b) If 8 is not greater than 6, then 7 is greater than 5
(c) If 8 is not greater than 6, then 7 is not greater than 5
d) If 8 is greater than 6,then 7 is not greater than 5

(

20 The conditional statement of
“You will get a sweet dish after the dinner” is

= NCERT Exemplar
(a) If you take the dinner, then you will get a sweet dish

(b) If you take the dinner, you will get a sweet dish
(c) You get a sweet dish if and only if you take the dinner
(d) None of the above

21 Let S be a non-empty subset of R. Consider the following
statement
P There is a rational number x 00S such that x > 0.
Which of the following statements is the negation of the
statement P? = AIEEE 2010
(a) There is a rational number x 0S such that x< 0
(b) There is no rational number x [0S such that x< 0
(c) Every rational number x O S satisfies x< 0
(d)xOSand x<0 O xis not rational

22 The contra positive of p » (~q > ~r)is
(@ (~qln- ~p (b) @O~n)- ~p
(¢) p - (~rQg (d) pO@a )
23 pd~(pd q)isa

(a) contradiction
(c) tautology

(b) contingency

(d) None of these

24 If p, g and rare simple propositions with truth values T, F,
T respectively, then the truth value of (~ p Og)d ~@ p
is

(a) true
(c) true, if ris false

(b) false
(d) None of these

25 The statement p - (g - p)is equivalent to

= JEE Mains 2013
() p - (pUg)
(d)p - (pOq)

[(~p-q)-qlis
= JEE Mains 2017

@p-q
(c)p - (-9

26 The statement(p - q) -

(a) a tautology

(b) equivalentto~ p - g
(c) equivalenttop - ~ g
(d) a fallacy

27 Let p and g be two statements. Then,
(~pUg)d (~p ~q)isa
(a) tautology
(b) contradiction
(c) neither tautology nor contradiction
(d) both tautology and contradiction
28 The proposition(p O ~ Y (~p  p)is
(a) contigency
(b) neither tautology nor contradiction
(c) contradiction
(d) tautology

29 If pand g are two statements, then

(pO0g¥ (~@ ~p)isa
(a) contradiction (b) tautology
(c) neither (a) nor (b) (d) None of these
30 The propositionS:(p 0 gy (~ B q)is
(a) a tautology (b) a contradiction
(c) either (a) or (b) (d) neither (a) nor (b)
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31 The statement~(p - ~q)is
(a) equivalentto p - g
(c) a tautology

(b) equivalentto~ p - g
(d) a fallacy
32 The false statement in the following is
(a) p O(~ p)is a contradiction
(b) (o - Q) » (~qg - ~ p)is a contradiction
(c)~ (~ p) - pis atautology
(d) p O(~ p)is a tautology
33 Among the following statements, which is a tautology?
(@) p O(pO q) (b) p O(pd q)
©) PO~ 9l- g (d) g - [pHp- 9]
34 Consider the following statements
P : Suman is brilliant.
Q : Suman is rich.
R : Suman is honest.

The negative of the statement.'Suman is brilliant and
dishonest if and only if Suman is rich.” can be expressed

as = AIEEE 2011
(a) ~ @ - (PO~ R)) (b) ~ (@ - POR)
(c) ~PO~R- Q (d) ~POQ- ~R)

35 The statement(p O g% (~
(a) tautology
(c) neither (a) nor (b)

q)isa
) contradiction
d) None of these

aT®

36 The proposition~(p O gy (< ~q)is
(a) a tautology (b) a contradiction
(c) either (a) or (b) (d) neither (a) nor (b)
37 The negation of the compound proposition is p O(~ p q)
(@@0~gd ~p O)(pO~qgO ~p
) (pd~qO ~p (d) None of these

38 The negation of ~ s O(~ rJ s) is equivalent to
= JEE Mains 2015

(a)sO~r (b)sO(d ~s)
(c)sO(a ~s) (d)ysdr

39 ~ S(p, g)is equivalent to
(@) S*(~p.~q) (b) S*(p,~q)
(c) S*(~ p,q) (d) None of these

40 Let p: 25is a multiple of 5.
q : 25 is a multiple of 8.
Statement | The compound statement “p and q” is false.
Statement Il The compound statement “p or q” is false.
Choose the correct option

(a) Only Statement | is correct
(b) Only Statement Il is correct
(c) Both statements are correct
(d) Both statements are incorrect

(DAY PRACTICE SESSION 2 )

PROGRESSIVE QUESTIONS EXERCISE

1 If p:4is an even prime number, g : 6is divisor of 12 and
r : the HCF of 4 and 6 is 2, then which one of the
following is true?

(a) (pUg) (b) (pOg)0 ~r
(¢) ~(@Ond p (d) ~pO@dr)

2 An equivalent expression for (p O & ) 4r  s)which

contains neither the biconditional nor the conditional is
(@) (~pOgd @ ((~ LT ~s))

(0) (~pUd Ay ((~r U ~5))

(©) (~pOgd M@ ((~ LD ~s))

(d) None of the above

3 If(pd~r)d (~p q)isfalse, then the truth values of
p, g and r respectively

(a) T,Fand F
(c) F, Tand T

(b) F,Fand T
(d) T,Fand T

4 The Boolean expression(p O~q)d 41 (~P q)is
equivalent to = JEE Mains 2016

(@)~ p0Og
(c)pOg

(b) p Oqg
(d)pO~q

Get More Learning Materials Here : &

5 Which of the following is a tautology?
(@) (p - q) O~ q) (b) (o - )0~ q)
() (p>qg O@-> p) (d) None of these

6 Let p and g stand for the statements 2x4 =8
and ‘4 divides 7, respectively. Then, what are the truth
values for following biconditional statements?

(i) p-gq (i) ~p ~q
(i) ~q - p (V) ~p - ~q
(@ TTTT (b) FTTT
(c) FTFF (d) FTTF
7 The only statement among the followings that is a
tautology is = AIEEE 2011
(a) B - [AOA- B)] (o) AO(AD B)
(c) AO(AD B) (d) [AUOA- B)]- B

8 Which of the following is not correct?
(@) ~ (pHgF= (~p)d(~q)

(b) Truth value of p Og= truth value of g Op

(©) ~(~p=p

(dp=g=pEDidl @ p
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9~(pOgy ~p
(a) atautology (b) a contradiction
(c) neither a tautology nor a contradiction
(d) cannot come to any conclusion

~qis

10 Which of the following is wrong statement?
(a) p - qis logically equivalent to ~ p Og
(b) If the truth values of p, g, r are T, F, T respectively, then
the truth value of (p Og)d @ nr)is T
c)~Bd g p ~p Hqg ~r
(d) The truth value of p O~ (00 q)is always T
11 If p, g and r are simple propositions, then (p Og)d (d1 r)
is true, then
(a) p,gand r are true (b) p, g are true and r is false
(c) p istrue and q, r are false (d) p, g and r are false
12 ~ p Oq is logically equivalent to
(@) pOgq (b)ygOp
(c) ~(p 0 aq) (d)~@0 p
13 Which of the following is true for any two statements p
and g?

(@ ~[pO~qE ~pUqg
(c) p O~ gis atautology

(b) ~ p Oqis a fallacy
(d) p O~ pis a contradiction

14 Consider
Statement | (p O~ q)d (~ @ Qq)is a fallacy.
Statement Il (p - g) - (~qg - p)is a tautology.
= JEE Mains 2013
(a) Statement | is true; Statement Il is true; Statement Il is a
correct explanation for Statement |

(b) Statement | is true; Statement Il is true; Statement Il is
not a correct explanation for Statement |

(c) Statement | is true; Statement Il is false
(d) Statement | is false; Statement Il is true

15 Statement | The statement A — (B - A)is equivalent to
A - (AOB).
Statement Il The statement ~ {(AOB)- (~ AO B)}is
tautology. = JEE Mains 2013
(a) Statement | is true, Statement Il is false
(b) Statement | is true, Statement Il is true; Statement Il is
not a correct explanation for Statement |
(c) Statement | is true, Statement Il is true; Statement Il is a
correct explanation for Statement |
(d) Statement | is false, Statement Il is true

ANSWERS

1) 2 (a) 3 (b) 4 (0 5 (a) 6 (b) 7 (b) 8 (0) 9@ 10
11 (d) 12 (a) 13 (b) 14 (o) 15 (b) 16 (d) 17 (a) 18 (a) 19 (o) 20 (a)
21 (o) 22 (a) 23 (c) 24 (a) 25 (b) 26 (a) 27 (o) 28 (o) 29 (b) 30 (a)
31 (a) 32 (b) 33 (q) 34 (a) 35 (o) 36 (a) 37 (a) 38 (d) 39 (a) 40 (a)
1) 2 (a) 3 (a) 4 (0 5 (0) 6 (d) 7 (d) 8 (d) 9  10(d)
11 (a) 12 (d) 13 (a) 14 (b) 15 ()
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Hints and Explanations

SESSION 1 17 Let us assume that p : ‘I become a teacher’ and q : I will open a

1 In option (a), (b) and (c). school. Then, we can easily ascertain that
Negation of (p - q)is~(p - q) = p U~q, which means that ‘I

It is a declarative sentence, which is clearly true, therefore it is will become a teacher and T will not open a school

a true statement.
In option (d), it is an imperative sentence, therefore it is not a 18 Consider the following statements

statement. p : Two triangles are identical.

q : Two triangles are similar.

Clearly, the given statement in symbolic form is p O gq.
So, its contrapositive is given by ~q O ~ p.

2 The negation of the given statement is “72 is not divisible by
2 or 72 is not divisible by 3”.

3 According to definition let s(p,q) = p g be a compound 19 The contrapositive of the given statement is “If 8 is not greater

statement. Then, s* (p,q)= p Oq, than 6, then 7 is not greater than 5.

Therefore, the dual of (p OgJ ris(p) @) r. 20 The conditional statement of given statement is “If you take the

4 In disjunction, two sentences are connected with ‘OR’. dinner, then you will get a sweet dish”.

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

5 In the sentence, ‘Gautam and Rahul are good friends’, the word : .
~ P :Every rational number x 00 S satisfies x < 0.

‘and’ is not a connective. So, this sentence is not a conjunction.
6 Given, p : A natural number n is odd and q : natural number n is 22 The contrapositive of p ~ qis~q ~~p
U Contrapositive of p » (~q - ~r)is~(~q - ~r)>~p

Ov~(p-q)=pl~q O

not divisible by 2. The biconditional statement p = gi.e.“A
natural number n is odd if and only if it is not divisible by 2”.

=(~qUr)» ~p @ E
7 (p0Oq) @ p)meansp = q.Hence, option (b) is correct. ~(~¢ ~r¥ ~@r
8 If both p and q are false, then p [ q is true. 23 P q pUq ~(pOq) pO~(pdq)
9 Negation is a denial of a statement. T T T F
So, 12< 4is correct option. T F F T T
10 The denial of any statement is called its negation. F T F T T
‘Tt is true that the Sun is a star’ is an assertion of the given
statement. F F F T T
11 Options (a), (b) and (c) are equivalent to p < q.
n n’ I ~p ~ag ~phOg (—PU0q) (~pUq)
12 P:;;Q:;;R:mlspnme. 24 P q r P =q p-q O~gq O~q- p
Letm =5 p =10,n° =100, m =3,n =12, n* =144 TrE T F T F F T
m=7n =14 n* =196 25
So, P,Q and R are true statements. p q q-p p-(g-p) pUqg p- (pUq)
0 QOR=TMWTE E P T T T T T T
13 Given, p : The question paper is easy and g : We shall pass T F T T T T
given. F T F T T T
The symbolic representation of given option are
@ :p-qg ®:~p-~qg (:plg (d):plg F F T T F T

14 Given, p :2is an even number So, statement p - (q — p)is logically equivalent to p - (p Oq).

q :2is a prime number
r : sum of two prime numbers is always even.
The symbolic representation of given option (s) are

26 The truth table of the given expression is given below :

(@:p Og0 r (b): p Og0 ~r P 9 x=p-q~p ~p~q y=E(~p ~-q ~-q X-y

(¢):pOqb ~r (d):pOqg0 r T T T F T T T
15 Converse statement is “If x+ a> y + q, then x> y”. T F F F- T F T
16 The converse of the statement “if p then q” is “if g then p”. F T T T T T

Given statements are F F T F T T

p :if a number is divisible by 10, it is divisible by 5.
q : if a number is divisible by 5, then it is divisible by 10.

. . . Hence, it is a tautology.
It is clear that q is converse of p and p is converse of q.
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(~pOq)O 33 p O(p0d q)isF,when p =F
(~pU~q) p O(pO q)isF,whenp =Fg=F
andq - [p O(p- q)lisF,whenp=Fq =T

27 p q ~p ~q (~pUq) (~pU~gq)

rr.oF F T ¥ ¥ So, for [p O(p~ @)~ q= [p (~ g} ¢
T F F T F F F ={pOp0 (A g} ¢
34 Suman is brilliant and dishonest, if and only if Suman is rich, is
FoT T F T F F expressed as,Q « (P O~R)
F F T T T T T So, negation of it will be ~(Q ~ (P O~ R)).
35
Hence, it is neither tautology nor contradiction. p q ~p pOgq ~pOq (pOgqF (P q)
28 T T F T F F
p ~p pU~p ~pUp (p0O~pl (~p0 p) T F F F F T
F T T T T T
F T T F F
F F T T F F
T F F T F

36 By truth table

U Statement is contradiction.
p q9 ~p ~q pUgq~(plq) ~pl~q ~(p0Oq)

29 0(~p ~q)
F

p ¢ ~q ~p ~qU~p p-q (pOq)r rT.r P T F T
(~q0 ~p) T F F T F T T T

T T F F T T F T T F T F T T

T T T F F F T F F T T T F T T

F T F T T T T Hence, given proposition is a tautology.

F F T T T T T 37 Since, S:~(pO(~ pdq))

O S :~p O~(~ pd q) (De-Morgan’s Law)

Hence, it is tautology.
&y 0 S:~pO(pO0 ~q)([De-Morgan’s law)

30 38 O(~r0 G Fi = s 000
p q pO0q ~p (~p0qg (pOgqF (=P q ~(=sO=rbs)F © (=(~2 s)=s00H ~s5)
=(sOr)Qd & ~s)=(sOrdF [vs O~ s is false]
T T T F T T =s0r
T F F F F T 39 ~S(p.g)=~(pOgF (~pO(~q)=S*(~p. ~q)
F T T T T T 40 1. Compound statement with ‘AND’ is 25 is a multiple of 5
F F T T T T and 8.
This is a false statement. Since, p is true but q is false.
tSmtcel, all values of given proposition is true, hence it is a [since, 25 is divisible by 5 but not divisible by 8]
autology.
& II. Compound statement with ‘OR’ is
31 25 is a multiple of 5 or it is a multiple of 8.
P 9 ~P ~4 4-9 P~~9~P~-q~p-~9q) This is a true statement. Since, p is true and q is false.
T F F T F T T
SESSION 2
F T T F F T T
1 Given that, p : 4is an even prime number.
T T F F T F F T q : 61is a divisor of 12 and r : the HCF of 4 and 6 is 2.
F F T T T F F T So, the truth value of the statements p,q and r are F, T and T,
respectively.
~(p ~ ~q)is equivalentto(p « q). Hence, ~ p O(q0 r)is true.
32 p - gisequivalentto~q - ~p 2(p0@ B (= =) O@r) O~ ) @ ~s9)]
O (p-q)e(~q~ ~p) =(~p0q0 rP [(~B [3) Or ~s)]
is a tautology but not a contradiction. [.pO0@ =z ~@ 0 r)

Get More Learning Materials Here : & m @) www.studentbro.in



3 Truth table 8

p g r ~p ~r pO~r ~pOq (pO-~r) p q ~p ~q (pUq) ~(pOUq)
O(~pl q) T T F F T F
T T T F F F T T T F F T F T
T T F F T T T T F T T F F T
T F T F _F __F _F T . . T . . .
LT ELLELLE LT T B Fo . 0 q 5 (p = q
F T T T F F T T pmma a7k P=q PE4 GTP (g0 p)
F T F T T F T T F T T T T T
F F T T F F T T T F F F T T
F F F T T F T T T F F T F T
Since, (p O~r)d (~pP q)isF. T F T T F T
Then, p=T,q= F,r =F
. It is clear from the table that false statement is
4 Consider, (p 0~q)0 ~
_(p DQ)SI[ B4 p-q=(p0qdl @ p)
_ [(p 0 Q] ¥ (=P q) Hence, it is clear from the table that p = g and
=llp Oq) (~¢7 g (=P q) (pOd @ p)isnot logically equilibrium.
E[(quDtl]( B q) Y
=(p 0g)0 (= q) 9
s(pUOq0 ~pl (B g q) p q pP-q ~(p - q)
=(q DO (a1 gq)=t O(p0 q) =p g T T T F
5 Truth Table T F F T
(p~q) (p-qa) (pP-4q
P4 Pra AP gp.q Op- @ Og p) : . : .
F F T F
T T T T T T T ( )
T F F T F F T ~p ~q ~pO~q gfpufq
F T T F T T T P P P T
F F T T T T T
So,only (p- q)0(@- p)is a tautology. d T T T
T F T T
6 Since, p is true and q is false 0 ~ p is false and ~q is true.
p o qisF [since, p is true, q is false] T T T ¥
~p o qisT ince, ~ p is false, q is fal L
~5 . Z iz T [S[lsrilzie ~p ql?s ?nslz ?Dliss tar EZ} Last column shows that result is neither a tautology nor a
~p o ~qisF [since, ~ p is false, ~q is true] contradiction.
10 The truth tables of p — g and ~ p Ogq are given below
7 A B AUOB AOB AO(AO B) AO(AD B) p q ~p p-q ~pUq
T T T T T T T T F T T
T F T F T T T F F F F
F T T F T F F T T T T
F F T T T
F F F F F F
B._ Clearly, truth tables of p - q and ~ p Oq are same.
A- B AD@K®- B) ADA- By B (AO(A- B)) So, p - q is logically equivalent to ~ p Ogq.
T T T Hence, option (a) is correct.
T If the truth value of p, q, r are T, F, T respectively, then the
F F T T truth values of p Oq and g Or are each equal to T. Therefore,
T F T F the truth value of (p Oq)0 (@@ r)is T.
Hence, option (b) is correct.
T F T T We know that, ~(p OgO r] (~p@ ~ ~r)
Since, the truth value of all the elements in the column So, (?ptlon (c) is c'orrect. .
ADA- B) B If p is true and q is false, then p Oq is tru.e. Consequently
So, A O(A~ B)- Bis tautology. ~(p Oq)is false and hence p O~ (pd q)is false.

Hence, option (d) is wrong.
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11 p q
T F

T F

T T

T T

F F

F F

F T

F T

12, P 19
T T

T F

F T

F F

It is clear from the above table that columns 4 and 8 are equal.
Hence, ~ p Oq is equivalent to~(q O p)

13

=
_

R I
=g s 4

r plq pOr (pHq)0 (¢ r) 14 StatementIl(p - q) - (~q > ~ p)
=(p-q (-4

F ¥ ¥ F which is always true, so Statement II is true.

T F T F Statement I (p O~q)0 (~ i q)

F T F F =pU~q0 ~pl q=pU~pU~@ q=f0f=f
T T T T Hence, it is a fallacy statement. So, Statement I is true.

v . . F Alternate Method

StatementII (p - q) » (~q - ~ p)

T F F F ~q - ~ p is contrapositive of p - g

F F F F Hence, (p - q) « (p - q)will be a tautology.

. F F F Statement I (p O~q)0 (~ ] q)

p g9 ~p ~q pU~q ~plUq (pU~qH

~p ~pUq pUq qU p ~(pUq) ~(qgU p) (~pUq)
F F T T F F T T F F F F F

F F F T T F T F F T T F F

T T T F F T F T T F F T F

T F T T F F F F T T F F F

~pP ~q
F F
F T
T F
T T

~plUq

— |

&S|

pU~q pU~p ~[pO~q]

o

=Ri=N!

T

So,~ p Ug= ~[p0 ~q] and p O~ pis a tautology.
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Hence, it is a fallacy.

15
A B AOB B- A AOB ~A ~A0OB A- (AUOB)
T T T T T F T T
T F T T F F F T
F T T F F T T T
F F F T F T T T
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