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Mathematical Logic

EX]inTRODUCTION

Mathematical logic deals with the topics like
statements, negation, connectives, compound statements,
conjunction, disjunction, duality, truth table, conditional
and  bi-conditional statements, valid arguments,
tautclogies, etc.

In the algebra of sets it has been observed that there
are some ceratin primitive concepts associated with
undefined terms. The terms true, false, and proposition
{statement) are taken here as undefined.

A statement is a cfec!m:anve sentence which has one and
only one nf rwn passzhte values. These two values are ‘true’
and ‘false’ or in other words statements is a declarative
sentence which is either true or false but not both. The
truth values 'true’ and 'false' are denoted by the symbol T
and F respectively. Sometimes it is also denoted by 1 (for
true) and O ( for false). The following examples are typical
propositions :

(1) 7 is a prime number

(2) When 5 is added to 6 the sum is 7

(3) Living creatures exist on the planet Venus.

In the above examples, (1) is true, (2) is false, while
(3) is either true or false bur not both. Thus above
sentences are statements. Let us consider other examples :

(1) May God bless you ! ( a wish)

(2) Please wairt here. (a request)

(3) What are you doing ? (an enquiry)

(4) May you live long.

In the above example, we can observe that no truth
values can be given to the sentences. That is, they do not
declare a definite truth value T or F. Thus they are not
statements.

If we assume thar the statement is true, then from its
content we have that it is false while if the statement is
assumed o be false, then from its content we have that it is
true.
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It is well known fact that symbols have played a key role in any field eithey .
of mathematics or a field or science. Therefore, they have great immm“"r'-'-iﬂ
Mathematics. T
Definition : The symbols, which are taken to represent the statemen:, 4,

statement [etters. Therefore, we shall use lower case letters p, q, 1, ... to represen; staten; oy,

For example : If the statement ‘Delhi is the capital of India’, is denoteg 1,

letter ' p', then it can be written as
p = Delhi is the capital of India.

From any statement or set of statements, other statements may be formed Flye
simplest example is that of forming from the statement p the negation of p which H
denoted by p’. For any statement p, we define p’ or |p to be the statement “it is fa]se that
p". For example, suppose that p is the statement

p = sleeping is pleasant

The negation of this statement would be the statement.

“it is false that sleeping is pleasant”

or in other words, we can write the negation of p as follows :

“sleeping is not pleasant”

or “sleeping is unpleasant”
12.1.2/Open Statement

A sentence having one or more than one variables becomes a statement after giving
some certain value to the variables, is called open statement,

For example : Let us consider 3x + y = 7.

If we put x =2 and y =1, then above sentence becomes a true statement. Such a
sentence is called an open statement.

EX]PROPOSITIONAL FUNCTIONS QUANTIFIERS
@ A proposition is a declarative sentence that is either true or failse but not both.

Let A be a given set. A propositional function defined on A is an expression p (¥}
which has the property that p (a) is true or false for each a € A, i.e., p(x) becomes @
statement whenever any element a € A is substituted for the variable x. The set A *
called domain of p (x) and the set T, of all the elements of A for which p (a}is Truc ®
called the truth set of p (x),i.e.,

T, ={x:x €A, p(x)is true}

For example : Let p(x) = x + 4 > 1. Its true set is

{x:xeN:x+4>1}=N
Thus, p (x) is true for every element in N.

;'fz.i]l.lnivem! Quantifiers -~
Let p (x) be a propositional function defined on a set A. Consider the ex?rcsmf'"'
[V x € A, p (x) is true]. then the symbol V (for all) is called the universal quantifier

-

IJ.-|I. |_|
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Let p (x) be a PmPﬂsil;i-uflal function defined on a set A. Consider the expressiot

[3xeA, p(x) is true]. then the symbol 3 (there exists) is called the existenfid:
quantifier.
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2:2.3|Multiple Quantifiers

If a proposition have more than one variable then we can quantify it more than
once.

For example : p (x, y)=x? — y? =(x-y) (x+y)

Multiple universal quantifiers can be arranged in any order without logically

changing the meaning of resulting propositions. The same is true for the multiple
existential quantifiers,

For example :
Px,y)ix+y=4andx-y =2
=[dxeR,IyeR:x+y=4and x - y = 2

ILLUSTRATIVE EXAMPLES

%7( If p(x)is a formula in x, then translate the following :
(@) ¥V x[p(x)] (b)) Ix[p(x)] (c) ¥xl~p(x}] (d) Ix[-p(x]]
Solution. (a) Every x has the property p (x).
(b) There exist x which has property p(x).
(c) No x has property p (x)
(d) There is some x which do not have the property p (x).
» Translate the following statements, involving quantifiers into formulae :

(a) All rationals are real (b) No rationals are real
{c) Some rationals are real (d) Some rationals are not real.
Solution. Let x be an individual variable and Q (x) = x is rational R (x) = x is real.
Then,
(a) v x[Q(x)=R(x)] (b) ¥ x~[Q(x)— R (x)]
(@) 3 x,[Q(x)AR(x)] (d) Ix[Q(x)A—R(x)]

EXJcomPoOUND PROPOSITION

A proposition consisting of only a single propositional variable or a single
propoStonal constant s called pHMATY OF primtive proposition of simply proposidon.
TRey can not be further subdivided. A proposition obtained from the combination of two,
more proposition by means of logical operators or connectives of two or ore proposition
i5called compound proposition, o

— PTG r e — —

:2_.3.ﬂCunnectives
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Any two statements may be combined in various ways to form new statement. To
form new statement, the words, which are used are called connectives. We shall now
discuss three most basic and fundamental connectives. These are negation, conjunction
and disjunction, which are associated with English words ‘Not', ‘And’, ‘or’ respectively.
Some other connectives will be discussed subsequently, These connectives are shown
below :

English Words Name of Connective Symbols Order ]
Not Megation ~or | 1
And Conjunction A 2
Or Disjuncdon W a
| One way implication Conditional = 4
If and m,ﬂy 'f “ﬂ:-] Bi-conditional = 5
| (Two way implication)
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Let p be a symbol for any statement, then negation of p is denoted by ~por |,

p’. Let us consider the statement

p = I went to my office yesterday.

Then negation of p is represented by
1 p =1 did not go to my office yesterday.

: _._:i_.:_!__gpniunctinn

Let us consider two statements p and g given by
p = Ice is cold, and q = Blood is green.

These statements may be combined by the connective ‘And’ ro form the neyw

statement is given by

p A q = Ice is cold and blood is green.

This new statement is known as the conjunction of p and g. In general, we define
the conjunction of p and q for arbitrary statements p and q to be the statement “botl
p and q¢" . In wording the word both is often omitted. From this new statement, wo
observe that the statement is true if both p and q are rrue, and false, if either one or buth

of p and q are false.
2.3.4 Disjunction
The two statements p and g given in above section may also be combined n anothe:

way. Which is as follows :

Either ice is cold or blood is green.

This new statement is referred to as the disjunction of p and q. This disjunction ol
p and q is denoted by p v g. The use of “either...or ..."” in English is indistinct so in somv
usages imply “either...or ... or both,” but is some other usages imply “either ... or ...", but

not both. Let us consider an example :

This creature is either is dog or an animal;

The baby is either a boy or a girl.

The first statement of these is called inclusive disjunction because this allows the
possibility that both may happen.The second statement says that both statements can not
happen together. Thus this types of disjunction is called exclusive disjunction. The words
“or both” are usually omitted, and the word either may be omitted if there is no in
distinction.The disjunction of p and q or both are true and false only when both p and ¢

are false.
2.3.5 Conditional

Ler us suppose p and g are two statements. Then the statement “ p = g " which is
read as if “p then g" or “p implies q" is called conditional statements. Here 'p s called
antecedent and 'q is called consequent. The conditional statement ' p = ¢ has four
possibilities depends on p and g.

Case L. If pis true, g is false, then " p = ¢" is false.

Case IL. If p is true, q is true, then " p = g" is true

Case II. If p is false, g is true, then "p = ¢ is true.

Case IV.If pis false, q is false, then" p = ¢" is true.
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Allernative Wording for ‘Conditional Stalement’
a— ] =
« p=2qie. P implies g
This can also be expressed in passive voice "q is implied by p”
. “whenever p, we have ¢”. Also g whenever p”
. “p is sufficient for g". Also, "p is sufficient condition for q".
. In order for g is hold, it is enough that we have p".
. “q is necessary for p".
« “p, only if g", i.e., pcan happen only if ¢ happens as well.

Meaning of symbols
(i) p = q The arrow symbol = is pronounced “implies”

(ii) q & p. The arrow ¢ is pronounced “is implied by”.
If the statement “p if and only if ¢" is true we have the following table :

~ Condition p Conditiong =5
True True Possible
True False Impossible
False True Impossible ]
False False Possible

From above table it is clear that for condition p to be true while q is false because
p = q. Similarly, it is impossible for conditien g to be true while p is false because g = p.

Hence the two conditions p and q must be both true or both false.
'—l L] L]
2.3.8 Bi-Conditional

Let p and g be two statements, then p ¢ q is called bi-conditional statement. This
statement can also be written as (p=q)and (g=p) e (p=>q@ rlg= p). This
bi-conditional statement is true only if both the statement p and g have same truth

values.
Alternative Wording of Biconditional statement (p iff g)

“p is necessary and sufficient condition for g

“p is equivalent to q".

peq’

The symbol ¢ is an amalgamation of the symbol = and «.

& The mathematical usage of and and not corresponds closely with standard English.
The use of or however does not. In standard English or often suggests a choice of one
option or the other but not both. But mathematical or allows the possibility of both.
The statement “p or ¢° means that p is true or q is true or both p and q are true.

|__2_-3.?-!]ninl Denial

The word “NOR" is a combination of NOT and OR where NOT and OR stands for
negation and disjunction. Let p and g be rwo statements. The "p 1 q" is called Joint
Denial or “NOR” statement and read as “Neither p nor q". This "p | g" can also be
written as

plaeslpvy
The Joint Denial statement p 4 g is true only when p and q both are false.
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2.3.8 NAND Statement

The word “NAND" is a combination of NOT and AND where NOT and AND stang g,
negation and conjunction respectively. Then the statement "pT q" is called Nax,
statement and this can be written as

pTqe lipaq)
This statement is false only if both p and g are true.
A ,}‘2'3.9 Types of Conditional Statement

Let p and g be any two statements, then there are some other conditional statemun,,
which are related to the conditional p = q.

(i) Converse Implication : The statement g = p is called converse implicatiop
the statement of p = g

(ii) Inverse Implication : The statement | p = | q is called inverse implicurior,
of the statement p = q.

(lii) Contrapositive Implication : The statement |q= |p is calleq
contrapositive of the statement p = gq.

/AZ.B. 1_5_1:]1.!52 of Brackets

The use of brackets in the statements has an important role. By using brackers in th.
statements, the meaning or explanation of the statements are completely different, Therr
are some rules related to the brackets.

(i) If the negation (i.e., 1) is repeated in the statement then there is no necd o
bracket,

For Example : 1] pand (] (] p)) both have same meaning.

(ii) If in a statement, the connectives of same type are present, then brackets arc
applied from the left. For example : pvgvrvs=[{(pvq) vr} vs].

(iii) If the different connectives are used in the statement, then we remove the
bracket of lower order connective, but we can not remove the bracket of higher order
connective,

Forexample : p=(gar)=p=qanar.

Here order of  is less than the order of =». Hence bracket is removed. Let us
consider another example —_— D

pPvlg=ri=pvg=r
In this example, bracket can not be removed.

EXJ1TYPES OF SENTENCES

There are rwo type of sentences or statements.

(i) Simple Sentence : A statement which has no connectives is called simplc
sentence or simple statement (or Atomic statement).

For example : He is a bay ar she is a girl. Both are simple.

(ii) Compound Sentence : A statement which is formed by two simple statement
through the connective is called compound sentence or molecular sentence.

For Example :

{a) Il you work hard, then you will get success,

fb) Suresh will play or he will [eave ground.

2.4.1 Slatemenl Form

This is a form obtained by simple statements, using finite number of connectives, 1
called statement form.
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For example : Let p,q and r be three simple statements, then the statement
(p ~ q) =>r is a statement form. The connective which is used at the end of the statement
form is called principal connective,

'2.4.2|Principal connective
Thus in the above example, = is the principal connective. The statements on both
csides of the principal connective are called Arguments. Therefore, in the above

example, the statement (p A q) and r are arguments. The statement form is also known
as Truth function.

USE OF VENN DIAGRAMS IN CHECKING TR D FALSITY OF
STATEMENTS s b

In this section, we shall discuss the usage of Venn diagrams to represent truth and
falsity of statement of propositions.

ILLUSTRATIVE EXAMFLES

1. Give the venn diagram for the truth of the following statement [ —5 u‘

“Equivalent triangles are isosceles triangles.) /
Solution. Let U, E and S denotes the set of triangles in a plane, @)
the set of equilateral triangles in a plane and the set of all isosceles L E
rriangles in a plane respectively. S
Then, EclU and S c U Fig. (1)
It is also clear that £ — 5. Hence, we have the following Venn
diagram to represent the truth of the given statement.
2. LetU, P and T denotes respectively the set of human beings, the setof -1
policemen and the set of all thieves. Write the truth value of the

L
P— T
following statements from the Venn diagram given below : 4 }i )
|

|
—

(i) No policeman is a thief.
(ii) Thieves are not policeman.
(iii) Men who are not policemen are thieves.
(iv) Some policemen are thieves. Flg. (2)
Solution. (1) From Venn diagram, it is clear that the policemen x is a thief also.
Therefore, the given statement is not true. Hence, the truth value is F.
(1) We find that P n T # ¢, therefore, there are some thieves who are also policemen.
Hence, the statement is not true and the truth value is F.
(lii) From Venn diagram, it is clear that there are some human beings who are neither
policemen nor thieves. Hence, the above statement is not true and the truth value is F.
(iv) Here, it is clear that the policemen x is a thief also. Hence, the given statement is
true and the truth value is T.
3. Use Venn diagrams to check the validity of the following argument S
S;:If a man is a bachelor, he is unhappy.
S, : If @ man is unhappy, he dies young.

S5 : All bachelors die young.
Solution. Define the following sets
A = set of all unhappy men Fig. (3)
B = set of all bachelors
and C = set of all men who die young.
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Then. the truth of the hypothesis S; is represented by placing the B Inside 1.,
A e ,BcCA. . {

Now, the truth of statement S, is represented by placing the set A complerely inside .,
set C,i.e., AcC. -

Now, S, and §; are true

= BcAand AcC.

= BcC,i.e, all bachelors die young.

S is true.
Hence, the given argument is a valid argument.
Exercise 2.1
Use Venn diagram to examine the validity 3. 5;: Ifit rains, Rijuta will be sick.
of the following arguments : S, : It did not rain.
1. (i) §;: Natural numbers are integers.
Sy : x is an integer S : Rijuta was not sick.
4. 5 : If7isless than 4, then 7 is not a pyin.
S : xis a narural integer. number.

(ii) 5; : Natural numbers are integers. S, : 7 is not less than 4.
5, x is an integer
S : 7is a prime number.
S : xis not a natural inreger, 5. 5;: All graduates get a job.
2. 5 : All squares are rectangles. 5, : Rijura is a graduate.
53! x isnot a rectangle.

§ : xis not a square,

ANSWERS FSEAE TS RO

il N

1.(i) invalid, (ii) invalid; 2. valid: 3. valid; 4. invalid; 5. wvalid.

EXJITRUTH VALUES AND TRUTH TABLE

Since we know that every statement has a unique value. This unique value is called
Truth value. These truth values are “True’ or ‘False’. Hence the truth value of every

statement form is obtained by the truth values of its components. The range of statemen!

form (or Truth function) is {T', F}. Hence we can say that there will be 2" truth function

having n statements. T and F represent the truth value, True and False respectively.
These truth values are also represented by 1 and 0.

To show that the set of statement and ¢

T he operations of conjunction, disjunction and
negation, it is necessa

ry first to define them equal. Let us consider two statement forms

' and 'g’ having two component statements p and q each, These two statement forms

are said to be equal if both have same truth values for each of the four possible ways.
(i) p false and q true.

(ii) p true and q false.

(iii) p and g borh are true.

(iv) p and q both are false.

If in anyone of above possible ways, the truth values differ, then f and g are not

equal. To understand the meaning and uses of different types of connectives, we analyse
the truth values with the help of a table. This table is called truth table.
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A truth ﬂbI_E displays the IrEIﬂtiﬂnship between the truth value of the proposition truth

tables are esgegmi!y valuable in the determination of the truth values of propositions from

simple proposition.

2.6.1|Truth Table for Negalion

Let p be any statement, then ~ p is negation of p. The truth value of negation of p is
opposite of truth value of p. Suppose p = Delhi is a capital of India.

Then, ~ p = Delhi is not a capital of India.

The truth table is given below :

P ~P(|p) Or p -P(lp)
T F 1 0
F T 0 1

262 Truth Table for Conjunction

Let p and g be two simple statements, then p A g is conjunction of p and . Thus
p A q has a true value if both p and q have true values. Let us consider
p = Lucknow is a capital of Uttar Pradesh; q = Delhi is a capiral of India.

Then p A g means that Lucknow is a capital of Uttar Pradesh and Delhi is a capital of
India. The truth table is given below :

" T PAg Or p - q pAg
" T T 1 1 1
T F F 1 0 0
F T F 0 1 0
F F F 0 0 0

12.6.3|Truth Table for Disjunction

Let pand g be any two simple statements, then p v q is called disjunction of pand g
which is read as p or g. Let us consider

p = Mathematics is very hard subject;

Then p v g can be written as

p v ¢ = Mathematics is very hard subject or commerce is very easy subject. The

statement p v q has the truth value false only if both are false. Thus truth table is given
below :

q = Commerce is very easy subject.

By q AL or | P g el ipve:
T T T 1 1 1
T F T 1 0 1
F T T 0 1 1
F F F 0 0 0

E];El['l’ml.'h Table fnr_ﬂndilipﬂl_

Let pandq be two simple statements, then p =g is the statement which is
conditional. This statement has the truth value false only if antecedent p is true and
consequent q is false. The truth table for p = g is given below :

g -p:-'q Or

s o P 4| p=4
T T T 1 1 ]
T F F 1 0 0
F T T 0 1 1
F F T 0 0 1
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2.6.5 Truth Table for Hlfﬁumlllinnnl
Let pand p be any two simple statements. The statement of the type p = 5.
bi-conditional. This can also be written as p & q = (p = q) A (g = p). This statem
the truth value true only if both p and g have same truth values.
Thus the truth table is given below :

S gl i peaq Or P q pes g
T T T 1 1 1
T F F 1 0] 0
F T F 0 1 1]
F F T 0 0 1

2.6.6/Truth table for Joint Denial

Let p Hl‘ll.'l--t]_ be two statements. The statement p {4 g is called Joint Denial statem. -
which is read as Neither p nar g, The statement p L g has truth value True when 1,

p and q are false, Thus the truth table for p L q is given below :

Tip T oa o lplg] o [ pl a | pla]
T T F 1 1 [
T F F 1 0 0
F T F 0 ] 0
K F T 0 0 L

2.6.7Truth Table for NAND Statement
Let p and q be two statements. The statement p T q is called NAND statement Th
statement is false only when both p and ¢ are true. The truth table for NAND statemen

is given below :

e e — _
L“é.‘:i’; S *r'.'-f“ir? “T_F_*p’[ | o [p | ¢ | pla
T T F 1 1 0
T F T 1 0 1
F T T 0 1 1
F F T 0 0 1

2.6.8|Table for Symbols

To understand and then to write any statement into symbols there is a table given
below |

(D) |IFpthengq ' p=q
(in |pifq G==p
(iif) | ponlyifq g=p
(iv) | punless q lg=p
{(v) | pis a sulficient condition for g p=g
~ fvi) | p ¥ a necessary cond|tion for q =3
(vii) | A sulficient condition for p is g q=p
(wlil) | A nocessary condition for p s q p=q
{ix) | In order that p is sufficlent that g q=p




Mql_ill_'_'"'.ﬂ“_“‘l Logic 77

{x} In order that p is necessary that q- p=sq
S | pif and only if q pesq
 (xii} | pls a necessary and sufficlent condition for g pesq

! zjfé]Precﬂ_c_lenie of logical operators

Rule (1) : Use parentheses to specify the order in which logical operators in a
compound proposition are to be applied.

Rule (2) : To reduce the number of parentheses, we specify that the negation
operator is applied before all the other logical operators.

Rule (3) : The conjunction operator takes precedence over the disjunction operator
(we will continue to use parenthesis) so that the order of disjunction and conjunction
aperators is clear.

Rule (4) : The conditional and bicenditional operator have lower precedence than
the conjunction and disconjunction operators A and v. Consequently, pvg=r is the
same as (pvq)=r

Table : Precedence of logical operators

Operator Precedence
lor - 1
A 2
W 3
= 4
=] 5

& We will use parenthesis when the order of the conditional operator and biconditional
operator is at issue, although the conditional operalor has precedence over the
biconditional operator.

ILLUSTRATIVE EXAMFLES

1. Which of the following expression are statements :

) 1+2+3=1x2x3 fit) {2 3} c {2 4, 6}

(ifi) May you live long. (iv) 7 is a prime number

fv) 5e{l, 4,5} (vi) All roses are white

(vii) What is your Name ? (viii)The girls are beautiful.

(ix) Go to your home. (x) Blood is red.
Solution.

(i) Sincel+2+3=1x2x3o0ré=6
Thus (i) is true. Hence, (i) is a statement.

(i) {23)c{24 6}
This expression is false. Hence, it is a statement.

(iii) “May you live long”" is not a declarative sentence. Hence, it is not a statement.

(iv) “7 is a prime number" which is declarative sentence having truth value True’.
Hence, it is a statement.

(v) Se{l,4, 5} is true. Hence, it is a statement.

(vi) “All roses are white". This is a declarative sentence and having rruth value ‘False'.

Hence, it is a statement.
(vii) “What is your name?" It is not a declarative sentence. Hence, it is not a statement.
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(viii) “The girls are beautiful” This sentence is not declarative. Hence, it is not -
statement.

(ix) “Goto your home”. This is not a declarative sentence. Hence, itis not a statemepy,

(x) “Blood is red.” It is a declarative sentence. Its truth value is True. Hence, i ;. .

statement.
2. Which of the following sentences are propositions ? What are the truth values of those thy ,,,.

propositions (statement) ?

(i) Do you speak Hindi ? (ii) Four is even.
(iii) Please submit your proposal as soon as possible.
(iv) Do you speak English ? (v) 4-x=8.

(vi) Please try to solve the problem.
Solution. We know that a statement is a declarative sentence which is either rye
false, but not both. These two values are ‘true’ and ‘false’ denoted by symbolical T and F. Th,.
(i) not statement (ii) starement (iii) not starement
(iv) not statement (v) not statement (vi) nol statement
3. If p= He is a carpenter and g = He is making a table.
Then write down the following statement into symbols :
(i) He is a carpenter and making a table.
(i) He is a carpenter but is not making a table.
(i) It is false that he is a carpenter or making a table.
(iv) Neither he is a carpenter nor he is making a iable.
(v) He is not a carpenter and he is making a table.
(vi) It is false that he is not a carpenter or is not making a table.
(vii) He is a carpenter or making a table.
Solution. The solution of above compound statements in terms of pand g are given

below :
() pag (i) palqg (i) 1(p v q) (i) Tpalg
) Ipag (i) 1(lp v 1 q) (vii) pvg

4. Consider the following :
p : This computer is good.
q : This computer is cheap.
Write each of the following statements in symbolic forms

(i) This computer is good and cheap, (i) This computer is not good bur cheap.
(iii) This computer is costly but good. (iv) This computer is neither good nor cheap.
(v) This computer is good or cheap.
Solution. (i) pag (i) p’'Ag (iii) paq
(ivl p'vq () pvg.

6. Consider the following :

p : Question paper is hard.

p: 1 will fail in the examination,

Then translate the following sentences into symbols :

(i) Question paper is hard then I will fail in the examination.

(ii) If I will not fail in the examination, then question paper is not hard.

(iii}) Quesrion paper is not hard if and only if I will fail in the examination.

(iv) If question paper is not hard then I will pass in the examination.

Solution. (i) p=gq (i) Tp=Tq (Gi)lpegq (iv) Ip=lg

&. Write the following in symbols :

(i) Sachin will go out of station or will remain in his house and he will repair his radio.
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(i) The necessary and sufficient condition for an infinite series Tu, to be convergent is that
limit of u, as n tending to infinity must be zero.
(iii) We shall go to Delhi, but we shall not see the Red Fort.
(iv) Not only the children, but also Mothers and Fathers were killed.
(v) If teams do not arrive or the weather is bad, then there will be no match.
Solution.
(i) Let p= Sachin will go out of station.
g = Sachin will remain in his house.
r = Sachin will repair his radio.
Thus the statement has the symbol p v (g A r).
(i) p= An infinite series Xu, to be convergent.
q = limit of u, must be zero as n tending to infinity.
Thus the statement has the symbol p & q.
(i1i) p = We shall go to Delhi.
g = We shall not see the Red Fort.
Thus the statement is p A | q.
(iv) p = children were killed.
g = Mothers were killed.
r = Fathers were killed.
Thus the statement is p A(g AT).
(v) p=The teams do not arrive.
q = Whether is bad.
r = there will be no march.
Thus the statement is (pvq)=r.
7. If p=Ramesh is a player, ¢ = Mohan is an intelligent boy, then write the following symbols into
sentences :
) pnq (i) 1palq (ii)palq (i) 1(p ~q)
v lpeg (vi) p=>1q
Solution. (i) Ramesh is a player and Mohan is an intelligent boy.
(ii) Neither Ramesh is a player nor Mohan is an intelligent boy.
(iii) Ramesh is a player and Mohan is not an intelligent boy.
(iv) It is false that Ramesh is a player and Mohan is an intelligent boy.
(v) Ramesh is not a player if and only if Mohan is an intelligent boy.
(vi) If Ramesh is a player, then Mohan is not an intelligent boy.
8. If p = Money is evil, ¢ = Wise men are poor, r = beggars are failures. Then translate each of the
following statements into symbols :
(i) Wise men are poor only if money is evil.
(ii) Money is evil unless wise men are poor.
(iii) That beggars are failures is a sufficient condition that money is evil
(iv) A necessary condition for money to be evil is that beggars are failures.
(v) Money is evil and beggars are failures if wise men are poor.
(vi) Unless beggars are failures, wise men are not poor and money is not evil.

Solution. (i) p=q (i) lg=p
(i) r==p (V)p=>r (v) g=(par) (vi) Ir=1palg
9. Write the negation of each of the following statements in terms of symbols :
(i) It will rain unless the barometer rises.

(i) Igrow fat only if I eat too much.
(iii) A necessary condition that two triangles are equivalent is that they have the same area.
(iv) In order to live well, it is sufficient to be wealthy.
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Solution. (i) Let p = It will rain, ¢ = Barometer rises.
Then the starement (i) can be written as ] q = p.
Thus the negation is |(1g = p).
(ii) Let p=1 grow fat, and g = I eat too much.
Then the statement (ii) can be written as g = p.
Thus its negation is 1(g = p)
(iii) Let p = Two triangles are equivalent, and g = They have the same areq.
Then the starement (iii) can be written as p = q.
Thus its negation is | (p = q)
(iv) Let p= Live well, and g = To be wealthy.
Then the statement (iv) can be put as g = p.
Thus its negation is | (q = p).
10. Write the negation of the following :
(i) If she studies, she will pass in exam.
(i) If it rains, then they will not go for picnic.
(iii} Every even integer greater than 4 is the sum of two primes.
(iv) Some people have no scooter.
fv) No one wants to buy my house.
Solution. (i) If she will not study, she will not pass in exam.
(ii) If it will not rain, then they will go for picnic.
(iii) Every odd integer greater than 4 is the sum of two primes.
(iv] Some people have scooter.
(v) Everyone wants to buy my house.
11. Write the negation of the following :
(i) Anil is not rich and Kanchan is poar.
(ii) A cow is an animal.

(iii) If the determinant of a system of linear equations is zero, then either the system has o
solution or it has an infinite number of solution.
Solution.
(i) Anil is rich and Kanchan is not poor.
(ii) A cow is not an animal.
(il)) p: Determinant of a system of linear equartion is zero.
g : System has no soludon.
r: System has an infinite number of salution.
Its negationis | p— Jqv 1r
V2. Write in words the converse, inverse, contrapositive and negation of the implication “If £ i
less then 3, then 1/3 is less than 1/2.
Solution. Let p = 2 is less than 3. g = 1/3 is less than 1/2.
Then implication is p = g

(i) Converse of p = q is ¢ = p. In words q = p means “If 1/3 is less than 1/2, then 2 is
less than 37

(i) Inverse of p = qis | p =» |q. Thus in words, | p =s | q means “If 2 is not less than 3.
then 1/3 is nor less than 1/27,

(iii) Contrapositive of p = g is 1g = | p. Thus in words 1q = | p means “If 1/3 is 0
less than 1/2, then 2 is not less than 3".

(iv) Negation of p=sq is |1 (p = q). Thus in words 1(p = q) means “It Is false than [/
implies g™.
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13. Let p be a statement "Eight is an even number”, and let q be a statement “Candy is sweet”.
Write in words (i) the implication p =sq, (i) its converse, (iii) its inverse, (iv) its
contrapositive, (v) its negation.

solution. (i) p = q means "I eight is an even number, then candy is sweet.”

(ii) Converse of p=q is g = p it means “If candy Is sweet, then eight is an even
number.”

(iii) Inverse of p = qis 1 p = 1 q. Ir means “If eight is not an even number, then candy is
nat sweer’.

(iv) Contrapositive of p =» g is 1q = | p. It means “If candy is not sweet, then eight is
odd number.”

(v) Negation of p =» g is | (p = q). In words, we can write “It {s false that p implies g" or
“Eight is an even number, and candy is not sweet”.
w lip=p=Hlpvp=paly
14. If p= Missiles are costly and q= Grandma chews gum. Write in words, the following
statement given in symbol :
@ pvlg (i) Tpalg (@i (palgvilpag)
Solutdon. (i) p v ] g = Either missiles are costly or Grandma does not chew gum.
(i) 1 p » 1g=Missiles are not costly and Grandma does not chew gum.
(iii) Fither missiles are costly and Grandma does not chew gum, or missiles are not
costly and Grandma chews gum.

15. If p= Mathemualics is easy and q = Two is less than three. Write in words the following
statement given (n symbols :

(i) 'prnq} (i) (pvyg) (l'.i!'_'.'.lpvq ﬁlr}{paTquﬂﬂﬁq]
Solution.
(i) Iris false that mathematics is easy and rwo is less than three.
(1) Tt is false that either mathematics is easy or two is less than three,
(iii} Either mathemarcs is not easy or two is not less than three,
(iv) Either mathemarics is easy and two is less than three or mathematics is not
pasy and rwo is less than three.

16. If p=Itis 10 ¢ clock, q = the train is late, then state in words the following resultants :
(i) gvip (i) pag (iii) p ~ g ) Tpag)=1lpv g
v) ] P oA ]q

Solution.

(i) gw | p:'The train is late or it is not 10 ¢ clock.

(i) 1pag:Itis not 10 o clock and the train is lare,

(iii} p~ 1g:ltis 10 o clock and the train is not late.

(iv) | (prg) = lpw | q: It is nor 10 o clock, or the main is not lare.
(vi |pa~lg:itis not 10 ¢ clock and the train is not late,

17. Consider the following .

p: You take a course in Discrere Mathematics,

q : You understand lngic

r: You ger an A grade on the final exam.

Write in simple sentences the meaning of the following :

((lg=r (i) 1p=1gq (fiijpaq)=Ir (W(prgi=r
Solution.

(i) If you understand logics, then you get an A grade in the final exam.

(ii) If you will not take a course in Discrete Marhemarics, then you will not understand
]DE]':,
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(iii) If you take a course in Discrete Mathematics and understand logic, then YOUu ma,
not get an A grade in the final exam. :
(iv) If you take a course in Discrete Mathematics and you understand logic, then vy,

an A grade in the final exam. !
18. Construct a truth table for cach of the following functions :
() (paganv(lpagalriv(lpalgalr)
(i) (pvgvriallpvgvina(lpvligvir)
(@) 10 pvigar)afpaq)v(lgar)}
Solution. (i) Truth table
p Qi | el Ap| Jgid 1r Lipagan (lpagaln {‘ipﬂ]Qh]EF_EJ__l
T T T F F F T F F P
T T F F F T F ¥ F F
T F T F T F F F F e
F T T T F F F F F F
T F F F T T F F F Fo
F T F T F T F T F T |
F F T T T F F F F P
F F F T T T F F T r|
(i) Truth table o
7 (R R Ipof: g fode | tpvigeny | € pvgv i | (pvilgvln| o |
) £ T F F F T T F I
| T T F F F T T T T r 1
T F T F T F T F T Fol
F T T% T F F T T T T
T F F F T T T T T i
F T F T F T T T T I
F F T T T F T T T T
F| F F T T T F T T F___|
(iii) Truth table
plalr|lpllafpaql@gary Taaciipv@ant flovigant | (pagivilgant | G|
T|T|T|F|F| T T F T F T Fo
T|r|FrIF|F| 7| F | ¥ F T T T
TIF|T|F|T| F F T I T T |
Flrlr|r|r| Fr | 7| F T F F "
r|rlrlr|T| F | ¢ | F F T F _F
FlT|F|T|F| F F F T F F F
Flr|T|T|T| F F T T F T F 1
FIF|F|T|T| F F F T F F - F

19. Construct the truth table of the following :
(@) (paq)rlgar)alras) @) 1(lpalg)
{c) (pn(]qas]]v[rnslhhvr}
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20. Write the negation for the statement ¥ eR, x> 3= x>0 =
Solution. Let P (x) and Q (x) denote” x > ¥ and x% > 9.

Then the given statement can be written as
V x(P(x)=Q(x))
The negation of this statement is
Ix(P(x)a—-Q(x))
L., there cxist a real number x such that x < 3 and x2 < 9,

\}anwm LOGY

We have already discussed about the compound statements which formed v s
help of simple statements using coennectives. The tuth values of this cnl1‘.-|'--'-'||—- |
statement depend on the truth values of simple statement substituted for the L':lr|.1;|ll-¥
Thus the truch 1able of a resulting compound statement gives the summary of all is 11
values for all possible choice of values of the variables. Therefore sometimes the i1+
values of the compound statement may, be “True (T)"” and sometimes “False (F1" i,
Ehen: are some compound statements whose truth values are always T or alwa. ¢
rrespective of all possible rruth values given to the variables. '

Definition : A statement whose truth vajue is always T (i.e., True) s callod
“Tautology™ and the statement whose truth value is always False (i.e., F) is calie)

e

“Contradiction”, —
& Negation of a tautology is a contradiction while negation of contradiction 1=

- tautology.
@ 2.7.1/Logical Equivalence

The owo compound statements are said o be logically equivalents if hoth have same

truth values for all possible assignments given ro the variables. This logically equivalcnr 15
also known as tautologically equivalent.

EXIovaLiTy

The two compound statements are said to be dual of each other if either one can
obtained from other by Mter:hanging ~ and v provided both remain valid. _

For example : The dual of (pvg)ar is (pag)vr and the dual 7
—I(P"’q}f*{P”.][qa]-‘i}}isﬂ;{pnq}v{pn {qv]s]}

\Eu&nnu OF STATEMENTS

Now we shall discuss some tautological laws related ro the statements und !
algebra of statements. Under this section, we shall also discuss some Iﬂ_'-'-'ﬂ which
tautologies. For simplicity ler us rake t' for tautelogy and ‘f for contradiction.
2.8.1 \Commutative Laws

(a) (pvqg)les(gv p) ’ (b) (prqgies(gnp)

Proof : (a) Truth table for (p v q) &= (g v p)

er i [1e!
are



Mathematical Logic BS

P q pvyg Ggvp: (pvg) &gy p)
I r T r T
h F T T T
F T T T e
£ F F F T

Thus in the last column all the truth values are T. Hence it is a tautology.
(b) Truth table for (p A @) & (q A p)

S e q pAq : AP (paqg)e=lgap)
T T . T )
- T 1 T
5 L F F T
F F F F T

Similarly, (p ~ q) < (g A p) is a tautology.
w The notation ¢ can be replaced by ' or'=
ke, pv@=lavpip g =iqap)
_ﬂi]issncialjva Laws
(@) pvigvr)es(pvqlvr (b palgar)e(pag)ar
Proof : (a) Truthtable forpv (gvrle(pvglvr

“p|ta | r | pvg|avr |pvlevo] pvgur | pvl@vnepyaivr
T T T T T T T ¥
T T F T T T T T
)l - T T T T T T
F T T T T T T T
T F F T F T T T
F T F T T T T T
F F T F T T T !
F F' | F F F F F r

Thus p v (g v r) « (p v q) v ris a tautclogy.
(b) Truth table for pa(gar) o (pag) ar

P lg | r | pag| gar | palgar) | GAQAr | pa@an)epagar
] B T T r T LA !
T T F T F F F T
Ui F T F F F F T
AR b o T F T F F {
T F F F F F F T
oed T F F F F F T
F F: T F F F F T
| TER F F F F F F T

Similarly, p A (g A7) & (p A ) Aris a tautology.
2.9.3|Distributive Laws ‘
(@) palgvr)e(pa@dvipan)®) pvigar)e(pvg)alpvr).
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Proof : (a) Truth table for pa(gv ) & (paq)v(par)
p |a | r lpadave|par| patavn|agvioan| patavoepageg,,,
T T T T T T T T T
r |\ 1t | F |T|T]|F T T ro
T F T |F| T |T T T T
F T T F T F F F T
T F F F F F F F T
F T F | F| 1T | F F F T
F Fl t|Fr]l T |F F F T o
F F F | F| F F F T -
Thus the given expression has the same truth value T. Hence it is a tautology.
(b) Truthtable fer pv(gar) e (pv@ alpvr).
o | a | |evelanitper [ p¥tann]eyan (N pv@An & (VA ]
T T T T T T T T T
T T F T|F | T T T &
r |l e | || F| T T T T -
F T T. T | T T T T T
T F F T F T T T T
F T F T F F F F T -
F F T F | F T F F T _l
F F F F | F F F F T |
Similarly, p v (g A1) & (p v q) ~ (p v r) is a tautology
2.9.4/Idempolent Laws
(a) (pvplep (b) (pap)ep
Proof : (a] Trum table for (p v p] = p
e S i pvp Sipvplep
T T T T
A F F T
Here, the last column has same truth value T. Hence it is a tautology.
(b) Truth table for I[p A p] e p
s s J’ ' oAb | AP e
T T T a
F F F T |

Similarly, (p A p) & p is a tautology.
'!z_.!_l.ﬂ_..l__ﬁha-nrp'l_inn Laws
(@) pvipaqlep;

(b) palpvgqlesp
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r—--"? PAg F"-"fP-ﬁ'l;'). pv'{pnq}ap
__.—-—-—_ et RS

T L T T

F F F -
o
_——-—__F F F ]I

since the last column contains all the truth values true. Hence p v (p A (p A q) & p

is a tautoclogy.
(b) Truth table for p a(p v gl = p

:_ p | pv4q palpvgl . prlpvgle p
T T T T r
i T F T T T
- F T T ¥ T |
E E F F F T
Similarly, p ~l(pvg)e pis atautology.
2.9.6|De-Morgan’s Laws
@ lipva e=(lpalg M) Tpagelpvig.
Proof : (a) Truth table fur][pvq}m[ pn1
P q pyv g Ip 1q Tpv) [Opalg) Tpvades(lpalg
T r T F F F F T
i T F r F T F F 1
F T T ) F F F T
F E F T T T T T

The last column contains all the truth values ‘true’. Hence | (p v @) = (| p » ] q) is
a tautology.
(b) Truth table for l(paq) = (lpv 1q)

pol el lp | g | e | Jeag | devie | leagedevie
Lt T F F T F F |
T F F T F T T T
F I I F F T T T
l—F F T T F T T T
- _Eimj]‘“i?- T(p ~q) e (Ip v lg) is a tautology.
lz;f"_-?fﬂﬁtilchmunl Law

[((p=g)rpl=g
Proof : Truth table for[(p =2 q) A pl = ¢

LRSS T q P=1 (p=qQap [(p=qlapl=g4q
o= T T T T
b T F F F T
— F T I F T
AR F T F T
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The last column contains all the truth values “True’. Hence it is a tautology,
[2.0.8/Chain Laws
[(p=qlalg=r)]l=(p=r)
Proof : Truth 1able for chain law

pla| | 20 | =0 |Goora=n|e=n| P20 G=n
T| 7| T T T T T T o
r| 1| F T F F F r

T | F | v F T F T T

Fl T | T T T T T r
T | F | F F T F F T ]
F | T | F T F F T r
FlF | T T T T T T

Fl Fr | F T T T T T _i

Since the last column contains all the truth values ‘true’. Hence it is a tautology

@ The chain law can be restated as follows “1f p implies g and g implies r, then p TR
re.

|3.§;§11danﬁty Laws
If t stands for tautology and f stands for contradiction. Then
(@) pat=tap=p (b) pvf=fvp=p
Proof : Truth table for (a)
iy J‘-’l ' L pat Eap
T T T T
F T F F
Truth table for (b)
P f pv f fvp
T F T T
F F F F
[2.9.10|Complement laws
(a) pvip=t ) palp=Ff
Proof : Truth table for (a)
R I A s t 1p plp
T T F T
F T T T
Truth table for (b)
P FE I Tpiote’ palp
T F F F
F T F
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A 2.9.11Functionally Complete set of operations

“A set of operations or connectives is said to be functionally complete if every statement
can be expressed entirely in terms of the operations in the set.

(1) Weknow that p = gis equal to ~ pvgtherefore it is possible to replace each occurrence of = in
any statement with an equivalent expression involving — and v.
(2) Weknowthat peg=(p=qgalg=pl=(-pvglal—gvp)
Therefore the symbaol «» can be replaced by connectives v, ~ and —.
(3) We know that (by Demorgan's law)
~(pag)==pv —q or pag=~(~pv-~q)
Similarly pvg=~(~pa—~q)
Hence, it is possible to replace ~ in any statement by connectives — and v. So. any statement can
be expressed in an equivalent statement containing — and ~ only, which shows that {», =} is

functionally complete set of operadons. In a similar in an equivalent statement containing v and
— only.

Hence, {v, —} is also functionally complere ser.

ILLUSTRATIVE EXAMPLES

1. Show that {=,~} is a functionally complete set.

Solution : From above illustrations we know that {v, ~} is a functionally complete set.
Therefore, any statement can be expressed in an equivelent statement containing v and ~

Since pvg=(~pl=4

s We an replace the connectives v in ay statement by — and =>. 5o, given set {=, -~}
is a funcdonally complete set.

2. Show that { A, v} is not a functionally complete set.

Solution : We know thar connectives ‘~' can not be expressed entirely in terms of
and A, therefore, any statement containing ‘~" can not be expressed in an equivalent
statement containing » and v only. Hence, the given set {~, v} is not a functionally complete
seL

” EXT]VALIDITY OF ARGUMENTS : METHOD OF PROOFS

The main problem related to the symbolic logic is the investigation of the process of
reasoning. We know that in every deductive science, there are no positive declarations
having absolute truth. Therefore, we assumed a certain set of statements without proof,
and from this set, we obtained some other statements using connectives. We now proceed
to investigate those processes which will be accepted as valid in the derivation of a
statement, called the conclusion, from other given statements, called premises.

An argument is a process by which a conclusion is obtained from given set of premistes.
Let p,, p,, ..., p, be the all premises and r is the conclusion. Then an argument which
yields a conclusion r from premises p,, pa ... P, is valid if and only if the statement
(py APy A..., p,) == ris a tautology. There are three methods to check the validity of a

iven argument. : )
@ Method I : By Truth Table : The first method is to check the validity directly
from the truth table, that is for the argument (p, A py A..., A p,) = r the muth table
method is used to show that (p; A Pz A ... A p,) = ris a tautology.
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Method II : By Simplification Method : In this method we shall have 1,

that the statement (p; A p; A.., A p,)=>r can be reduced to 1, using the sy,
methods of simplification.

Method III : Using Rule of Inference : This method is to reduce the 2hv,
argument to a series of argument each of which is valid. This method
of the three.

Two of the most frequently used valid arguments are the rule of detachmen o
law of syllogism. The rule of detachment is given by

P
P=9
q
Here p and (p = q) are premises and the conclusion is written below a horizon,
line, which is q as well. The law of syllogism is given by
pP=4q
q=r

is often the simp),.,

p=r

In checking the validity of any argument, we shall also assume that the followiny
rules of substitution are permissible to use.

Rule I : Any valid argument which involves a statement variable will remain valil 1
every occurrence of a given variable is replaced by a specific statement.
Rule II : Any valid argument will remain valid if any equivalent statemvin
occurrence of a statement is replaced by an equivalent staternent.
& The validity of any argument does not depend on the truth values “True' or ‘[ als ol
the conclusion. For example, Let us consider two argumenis :

L 1f ice is warm, then snow is black.
lee is warm

Snow is black
1 5isan odd integer.

If 4 is an even integer, then 5 is an odd integer
4 is an cven integer

Here the first is valid although the conclusion is false, while the second is il
although the conclusion is true.

EXEIRULE OF DETACHMENT OR MODUS PONENS
The valid argument

==

—4q

q

i known as rule of detachment. It is also known as moduys ponens.
Law of Syllogism. The argument

P=q
['.I_::l r
p=sr
is valid argument and known as law of syllogism.

Its implication form is[(p = gl Alg = Nl = [(p = )]
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S = 9
Truth table for law of syllogism
plalrle=a ]l a=ar | p=arllp=gaig=r| (p= gInlg= r)=s (p=> 1)
'_'i'" T T T T T T N
"? T | F T F F F T ;
—T FlT F T T F T
T |F|F| F L F E : _
[flr|T| r T T U !
(Flr|r| r F T F T |
h rlr| T T T T L ]
[F F|F T T 1 T T

From above table, it is clear that, the law of syllogism is a valid argument.

You must know

* The word theorem should not be confused with the word ‘theory’. A theorem is a specific
statement that can be proved. A theory is a broader assembly of ideas and a pardcular
issue.

» The word theorem Carries the connotation of importance and generality, For example,
Pythogoorean theorem certainly deserves to be called a theorem,

* Some words that are alternatives to theorem are given below.

() Result : A modest generic word for a theorem. Both important
theorem can be called results.

(i) Fact : A very miner theorem. For example ‘2 +4 = 6 is a fact

(iii) Proposition : A minor theorem. A proposition is more important or more general
than a fact but not as prestigious as a theorem.

(iv) Lemma : The lemma are the parts or tools, used to build the more complicated proof of
the theorem. So , lemma is a theorem whose main purpose is to help prove another
more important theorem.

(v) Corollary : A result with a short proof whose main step is the use of another previously
proved theorem.

(vi) Claim : A claim is a theorem whose statement usually appears inside the proof of a

theorem. The purpose of a claim is to help to organise key steps in the proof. It is very
similar to lemma.

EXEIRULES OF INFERENCE

In the following table, we give some rules of inference. Here, abserve thar for valid
argument, we can use the rules of inference :

and unimportant

Rules of Inference Implication Form
R’y : Additon - }F;’q‘ p= (pwvyql
Ri5 : Conjunction ; _pq-«q q= pag
Riy : Simplification : J% (pagl=p
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Al 4 - Modus ponens :
p

pP=9q

o

(palp=qll=q

e

Rig : Modus tollens :

lq
P=1
ar

(1 galp=qi=Tp

Rl : Disjunctive syllogism :
Ip
pvq
5 g

{]pal’pu:}]]:q

Rl : Hypothetical syllogism :

p=q
=T

- as Fﬂr

((p=qgqlalg=r)l=(p=r)

Rl : Constructive dilemma :
(p=qlalr=35)
pwr

- qu

(p=qlalr=S8)alpvri=(ga8)

Rlg : Destructive dilemma :
(p="g)alr= §)
.‘q-.-' s

. pwr

(p=qlalr=51a(lgv |5)
' =lpvln

ILLUSTRATIVE EXAMFPLES

1. Check the validity of the following argument.
P

pP=9
gq=2r

r

Applied Discrete Structyrg,

Solution : Method-I : For validity of the above argument, following stalement
fF=lprlp=2glalg==ri]l=r

must be a tautology.

Truth table B

P q r p=q | ‘qor | patp=q)l | pap=2aag=0 | f
T T T T T T T _-—T——|
T T F T K T = =F :

T F T F T F F o
T F F F T F F L ~|
3 T T T T F F r_|
F T F T F F F |
F F T T T F F T
F F F T T F F t

From above, it is clear rhat f is a tautology. Hence given argument is valid.
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method-11 : (Simplificarion method)
f=lpalp=2q)lalg=ril=r

==[(pal=pv@lal~gqvr)]vr (. p=g=~pvq)
="-P\"[Ph-q_]\l"{q.h‘—r}‘!r [ -—{Pﬁq]=-...pvv._q]
=s(—pvplal=pv~qlviga~rivr (By distribulirity)
=T Al~pv—qlvrviga—r) I'-'*—puP=T].
=(~pv—@Vvilvvg)alrv—~r)] ' (cpaT=p)
=(=pv—=q)v{(rvg)aT) (v rv~r=T)
={~pv—=q)virvq) C-paT=p)
={{(—pv~qglvglwvr (pvg=qvp)
={—=pvi=qvqllvr (By associaliviry)
={=pvT)wvr (c—pvp=T)
=T

= Hence, given argument 15 valid.
Method-III : (Rule of inference)
Consider following sequence of argument,

P a premise
p=q a premise
p by modus ponens
q=r a premise
r by modus ponens

Hence, given argument is valid.
2. Check the validicy of the following argument

(il p=q (it} p
r=—-4g . PAad=rvsi
p=—-r — 5

) r
Solution : (1) Since the statement r = ~g is equal to g = —r we can replace the
premise r=-~gbyg=—r
Now P=gq
g=-—r

p=-~r
is valid argument by the law of syllogism. Hence given argument is valid.
(2) We a take as premise for the indirect proof of all given premise except ~s and the
negation of the conclusions ~ r. We shall show that the following argument is valid.

P
PAagQ=r~3
q
-r
[
Now, p a premise
_q a premise
paq a conclusion because p A g = p A q is always a tautology.
Further pag a valid conclusion
pag=rwvs apremisc
rvs __avalid conclusion by modus ponens
~F a premise

] a2 valid Conclusion (- (r v 5) = —r = 5 is a tautology)
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B. Check the validity of the following argument : If Shreesh has completed B.E. or M.B.A 1,
is assured of a good job. If Shreesh is assured of a good job, he is happy. Shreesh is nor happ,
shreesh has not complered M.B.A.

Solution. We can name the proposition in the following way :
P denotes “Shreesh has completed B.E. "
Q denotes “Shreesh has completed M.B.A."
R denotes “Shreesh is assured of a good job"
S denotes “Shreesh is happy”.
The given premises are :

(i) (PvQ)=R (i) R=S5§ (iii) 1§
The conclusion is 1Q

1. (PvQ)=R Premise (i)

2. R=5 Premise (i)

3. (PvQ)>s Hypothetical syllogism RI,

4. |8 ) Premise (iii)

5. lipv Modus tollens

6. lPAlQ . DeMorgan's law

7. lQ Simplification Ri,

Thus the argument i%valid.

Q. Test the validity of the following argument : If milk is black then every crow is white. [ cvor.
crow is white, then it has four legs. If every crow has four legs, then every buffalo is white a1
brisk. The milk is black. Therefore the buffalo is white.

Solution. : We name the propositions in the following way :
P denotes "The milk is black”
Q@  denotes “Every crow is white”
R denotes “Fwvery crow has four legs”
5 denotes “Eyery buffalo is whire"
T denotes “Every buffalo is brisk”
The given premises are :

(1) p==g (i) g=r (ilil) r=5 At (iv) p
The conclusion is S. ’
Therefore, 1. p Premise (iv)

2. p=gq Premise (i)

3. ¢ Modus ponens Ri,

4. g=r Premise (ii)

S. r Modus ponens Ri,

6. r=sat Premise (iif)

7. sal Modus ponens Ri,

B. s Simplification RJ,

Hence, the argument is valid,

MISCELLANEOUS ILEUSTMTIW EXAMFLES

1 . Prove that each of the following is a tautology :
{a) = p fb.:'Pﬂ[,IJ':&q]:-q
(c) p=(p=4q) (d) [fP:q]n[q:r}l::[p:r}
(e Uprglvigarivirap)l=[pvq algvr)alrvp)]
(N (p=ql=lpvigar)e={gaipvri}]
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solution. (a) Truth table for p = p
P p p=p
T T
E T
Since the last column contains all the truth values T. Hence p =» p is a tautology.
(b) Truth table for pa(p=2q) = ¢
P - = _‘q - i _rllll-_-_!'- IP"—_?EI P"'[qul F""[F=q}ﬁ'q
T T T T T

Since the last column contains all the truth values T. Hence pa(p=gl=yq is a

tautology.
(¢} Truth mble for 1 p= [p = q}
b e = %ﬂ; = 1p P=2q lp=(p =q
T T F T T
T F F F T
F T T T T
F F T T v

Since the last column of the above table contains all the oruth values T (True). Hence
given statement is a tautology.

(d) Trurh wable for[(p = gq)alg=ril=(p=r)

p g - : '} '-: E%f'-g g=71 | (p=qlrlg=Tr) p=rllp=qrlg= *’;l]‘-'-’t.ﬁ”ﬂ
T T T T T T T T
T T F T F F F T
T F T F T F T T
F T T T T T T T
T F F F T F F T
_F T F T F F T |. T
F F T T T T T T
2 F F T T T T T

Since the last column contains
“latement is a tautology.

all the truth values T (i.e., True).

Hence the given



96 ~ ) _Applied Discrete Strucy,,
| ﬂ";

S
————.

(e) Truth table for [(p A q) v(gar)virap)l=slpv@lalgvr)a(r.p

Pl 4 | r |pag q_nr ‘rap pvajqvrirvp HF:?::%T” HP:;J:;‘HI”.

I o N N o A S A o N O T T

T| | 1t |F|lT|F|F | T|T]|T F
r | Fl T | F|lF ||| T]| T T o
rlrlr [ rlclFr] |7 T I

T | F | F F | F F T | F | T F Fo
FlT | EF|F|F|F|lT|T]|F F Fo |
FIlF |l | Flr | F|lFlT]| 71 F Fooo
FI|F|F | F|F|F|F|F|F F l Foool

Since the last calumn of above, contains all the truth value T (i. e. true), Hence 1o S
statement is a tautology.
() Truth rable for (p = P=lpvigarl={ga (pvr)}]

Pil g | r |agar| pvripvigan|galpvr| p=gq #f::f?:;’, | i

T T T T T T T T I |

r | r | F F | 1 T T T T | -|

T F T F T T F F F L
| F T T T T T T T r |

T F F F T T F F F '

F T F F F F F T T L

F F T F T F F T T | IR

F F F F F F F T | T r

Since the lasr column of above table conrains al the truth values T (i. e, true}. Henoe the
given statement is a tautoclogy.

2. The necessary and sufficient condition for two statements p and q to be logically equivalent i
that p & q is a routology.

Solution. If the truth value of pes g is always T, then p < g is a tautclogy. By 1l
necessary and sufficient condition for the truth value of p e gtobeT,is that, the rruth value
of p and q should always be same. Thus p and q are logically equivalent.

3. Prove that each of the following statement is a rautology :
(@) (paq)=q (b} (pv lp) () pvg=qvp (d (1(palp
() (p=qle=(lpv ) (p=geo(p=qg alg=p)
(g) (p=q)=(1qg=1p)
Solution. (a) Truth table for (prq)=4q

P q PAg (prgl=q
T T T T —
T F F L —
F — T F x ——
F F F [ r
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since (p A q) = q has its all truth values 'T". Hence it is a tautology.
(b) Truth table for p v 1p

p pv |p
"
F T T

since p v | p has always truth value T. Hence it is a tautology.
(c) Truth table for pvg=qvp

o q pvq fqve pVa=qvp
r-__]' T " T T
e F T " "
1. F. T T T T
[ o F F F T

§ince p v g = q v p has its all truth values T. Hence it is a tautology.
(d) Truth table for 1(p A 1 p)

T : F F T
E T F T

Since | (p ~ | p) has its all rruth values T. Hence it is a tautology.
() Truth table for (p=q) e (1pvq)

o | o [ 1p | Py lpva | w=peadpyg
T T F T r .
T F F F F T
F T T T T T
F F T T T T

The last column contains all the truth values T". Hence it is a tautology.
() Truth table for (p & q) ez (p =3 g) ~ (g = p)]

f:'} ¢ |p=q]| qmp | poq | o= |(pogHp=ah= )
o T T T T T
-__T__ F F T F F T
Flr T F F F T
A T T T T T

at The last column of above table contains all the truth values T. Hence, the given
alement is a tautology.
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(g}
E LT g | ity p=9 [ le=lp| Goged=, |
F r F F T T P
T ¥ F T F F T B
F T T F T T T |
F F T T T | T r -

The last column contains all the truth values. T. Hence, it is a tautology.

&, Check whether following are tautology or contradiction :
(@ pr=rlal(p=rIvig=r)] @) (p=qar)=(lr=1p)

() (pegari=(lrelp (d) palgvrle(paglvigar)
fe) {IPH‘]]"-’{r=F} (ﬂ [P?qu_}ﬁl{-ip=q}—_:rqj=1r|
(® [prq)=pl=[q~alq] (h) H(p=>q)vp) aql=>gq

(i} palgnlp)
Solution. (a) Truch table for[{pagl=rl=[(p=2r)v(g=r]]

p d r | pag |ip=rl] g2 | (pagl=rj(p= vl )
T T T T T T J A
T T F T F K F F !

T F T F T T T r ’ _I
F T T F T T T T T |
T F F F F T T T T
F T F F T F T T b
F F 7 F T r T L
F ; F F T T T T |

The last column of above table does not contain all the truth values is 7. Hence, 1°

given statement is not a tautology.
(b) Truth table l‘ur[p:qar}::ﬂr‘—-&-rp} |

b Lo | r [ te [odr [ane|uvanr|irsTolies qan=Cr=1p |
T T T F F T T T T —
T T F F T F F F T _
T F T F F F F T T . _||
F T T T E T T T T -
T F | F F T F F F T R
F r | r T T F T T T - _.:
F F T T F F T T T —
F F F T T F T T T i |

The given statement contains all jes outh values T. Hence, it is a rautology.
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(¢) Truthtable for(pe=gar)=(lr=] p)
=TT 0% . i
P q r Ip 1r qar-| peqar -|I‘=ﬂp RGP Ry, Ea
Lhnod
T T F F T F F " -
T F T F F F F T 'jl"
-—-? T T T F T F T ;
| —

Simularly, the given statement does not contains always truth value T. Hence, it is not a
rautology.

(d) Truth mhlef’u‘rpﬂ[qu}ﬂ:&[pﬂq]\rtpﬁr]

p q T P"‘H'i qvr | par | palgvr) | (paqlvipar) -—-ﬁl:;:;;l:[':nr}
T T T T T T T T T
T T°| F T T F T T T
T F T F T T T T T
F T T F T F F F T
T | F | F F | F| F F F r
Flr |l F | F | 7| F F F r
F F T F T F F F T
F F F 13 F F F F T

The last column contains always truth values T. Hence, the given statement is a
fautology.
(e) Truth table for (p = q) v (r = p)

Lo i [ e Y e e S I G
S T ; T T T

T T F T T T
T F T F T T
. B T T T F r
A F F F T T
B T F T T T
YL F T T F T
= F: F F T T T

@ Last column of above table contains all its truth values T. Hence, given statement is a
Utology,
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w0
() Truth table for(pvgvrle({{lp=q)=q)=r]
plalr lpmq| lp=4q=q (=2 pvgvr (il p= [
= ql=>r) R R
Ti{TrT|T r T T !— — |
rirT|r| T T T T
rle|r]| T F T T -
F|T|T T T T - —'—I — |
TI|F|F T F T T ._ -
Fl{T|F T T F T £ |
F T T F T T r |
F| F|F T F T F ;

In the albove table, the last column contains all the truth values T. Hence, the i

statement is not a tautology.
(g) Truth table for [(p » q) = pl =g » 14

P q lg.. | —paq | (paqi=p | qalg [(pagi=pl=slq~ 2l

T T F T T F F

T F T F T F F _l
F T F F T E F |
F F T F T F F |

The last column contains all the truth values F. Hence, the given statemen!

contradiction.
(h) Truth table for [{{(p=4) v p} gl =q

p q p=q (p=@ap [p=gvptag| [{p=2@QvAag =Y
T T T T T '
T F F ) F r
F T T T T T |
F F T T F ]

In above table, last column contains all the truth values T. Hence, given statement & <

tautology.
(i) Truth table for p A (g~ 1 p) B

VAT q 1p galp pn{qh‘]ﬂ_._|
T T F F £ B
T F F F F |
F T T T F ____]
F F T F F

The last column contains all the truth value F. Hence, given statement is a cantradiction
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§. Determine whether the following formulas are tautology, contradiction satisfiable :
@ (palp=a)=_lq M ((p=q)alg=rNalpalr)
(c) qﬂpﬂ?ﬂﬁhﬁ(ﬁ]

solution. (a) (pA(p=q)) = 1gq
B T T P T
7 r T T )
[y F F T i
B r F F |

T F T 4‘

T T T F T T T F F

T T F T T F F T F

T F T F F T F F F

ol T F T T T F F

T F F T F T F T F

F T F T T F F F F

F F T F T T T F F
= F F T T T T F F

(€ gqvipalg)v(lpalg)

p i fi0e | Ta | pale avealoflpala| aveaigvdeale

T T F F F T F T

T F F T T T F T

F T T F F T F T N

F F T T F F T I
8. Prove that (p =q)vr=(pvri=(gvr).

Solution. Construct the truth table as follows :

Pl e pma | pvr | ave | G=ove | Gvisgen
T T T T T T T T
3 T F T T T T 1

T F T F T T T T
| F T T T T T T T |




|

T F F F T F F J T -
F T F T F r T

F F T T T T T T
F F F T F F T L

The last two columns have same truth values. Thus corresponding statemen;.

columns are logically equivalent and
(p=q)lvrs(pvr)=(gwvr).
F.Provethar (p=q)vip=rl=p=(gqvr).
Solution. Construct the rruth table as follows :

P q r gvr | p=g | p=r | (p=qvip=r) p= iy |
T T T T T T T )
T T F T T F T !
T F T T F T T |
F T T T r T i ' !
T F F F F F F I
F T K T T T T | '
F F T T T 1 T 1
F F F F T T T f

1 f

The last two columns have same truth values. Hence,
(p=qlvip=rland p=(qwvr)
are logically equivalent and (p=qlv(p=ri=p=(gvr).
B. Disprove that (pvg)vipagl=p
Soludon. Construct the truth rable

T q pve pag . evaivipedl
T T T T -
T T_‘ T Fo r
F_- T T r r |
:_ F F R F o F _F‘.__ |

The first and the last columns corresponding to the given statement do not confain s
wruth values. Heace, (p v @) v (p ~ ) and p are not logically equivalent
9. Prove that :
(@) p=q=lpvyg () p=ilg=ri=s(prg)l=r
el p={@ar)=(p=qlalp=r) (d) (paq]a]pﬁq-pﬂ-]q-
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solution. (a) Construct the truth table

A > q 1 p=4q lpvg
S T F T T
A F F ¥ F
— F T T T T
£ F T T T

The last two columns corresponding to the given statements have same truth values.
Hence, (p = g) and 1 p v q are logically equivalent and p = g = lpvgq
(b) Construct the truth table

[ P q F; pAqg gq=>r p=2(g=r) | (pagl=r
T T T T T T T
7 T F r F F F
7 F T F T T T
F T T F T T T
= T F F F T T T
% T F F F T T
F F T F T T T
F F F F T T 1

The last two columns corresponding to the given statements have same truth values.
p=1(g=>r)and (p ~ q) = r are logically equivalentand p = (g=r)=(pargq)=r.
(c) Construct the truth table

P q r gar p=4q p=r1 | p=gary | (p=qslp=71)
R T T T T T T T

T: T F F T F F F

T F T F F T F F

Z T T T T T T T

The last two columns have same truth values. Hence, the statements p = (g ~ r) and
(P = q) » (p = r) are logically equivalent and
p=l(gar)=(p=2g)a(p=r)
(d) Construct the truth table

P "!'.. TF 14 peq | 1(pey) lpegqg |- pe2lg
& ¢ T F F T F F ¥
T F F T F T T T
— T T F F T T T
=2 F T T T F F F

e Tl'!e last three columns have same truth values. Hence, 1(p ¢ q), (1 pe gland p e g
bﬁl’““”?lﬂquhalentandTlpﬂq]!]pﬁqﬂpﬂ'w.
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10. Establish the equivalence (p=>q) =(pAq)=(lp=q) A (g = p).

The last two columns have same truth values.

(1p=q) A (q = p) are logically equivalent and
(P=q)=(paq)=(lp=q)alg=p).

11. Establish the equivalence and write its dual

@ (pagdvilpv(lpvglalpvg

12. Show thar

The dual of this staterneng js (pvag)

(b) Allgan)

megetdualufmu{ive
P

Solution. First Method : Let f=(p

LHS = |

Salution, (a) LHS = (pag) v[ ] p v (]

v ql]

tvalence :
(b) Ph{]q-*-r]v[anlv['par}ar

=lpagdvi(pvipval=(paq)vitl pva
=lpv(lpvelalgv(lpvg]

vilpvallallpvy)

1,

vq ﬂ:l? nbanrpﬁnn] = RHS
Hence.{p.-.q]uﬂp1pv(pvq]]-1pvq.

Allpatpagl=lpag
vigar)v(pari=r

=llpalDarlvi{lgar)vp) a{lgar)vr}]
E[ﬂpn'hl]ﬁr]*-‘lﬂan}vp]M’]

=[lpal@arlvi{igar)art vipar)

I[[]phqq]nr]v[{qnr]v[pﬁ.r}]
=[(Iparlqivigvp)lar
E[[-Ipv-lq}v[qvp]]ar

=r

Now, construct the truth table for F

n statemen

P
P=49
g=r
r

(By absorprion)

L, interchange » and v, we get
n[]qu}nr]q.ﬁrn{pvr‘j;r.
the following argument is valid

Alp=glalg=r)]=r

Hence, [F:'qj_i'lp A )

P q r p=q g=r | palp=gialg=r) L
T T T T T T !
T T F T F F L
T F T F T F J
F T T T T F T
T F F F T F 7
F T F T F F r
F F T T T F T
F F F T T F :

Solution. Construct the truth table
T T | F T | T T T T o
T F F F F T T T r
E T T T F T F F P
F F T T F F F F P



I 105
ML“—E — —— _ —

The last column contains all the truth values T. Hence, f is a tautology and hence the

ment is valid.
S econd Method :
Let falpalp=qlalg=r)]l=r
e(pnal F"q:l-"'*{-lq*’r”ﬂfﬂ‘l[phﬂpvq]nﬂqur]]vr
= [ FV-I{-l.qu]V-][—Iq\l"}]"'i"f*i[-1p\-l'tph-]l;l]"f{q;ﬁ.-lr}]'h"l'
=lpvigvirvr
Thus, f=lpvigvirvr=1
since f reduced to 1, this also shows that the argument is valid.
Third Method : Consider the following sequences of arguments

[ 1] a premise
p=4q a premise
q by the law of detachment
g=r a premise
r by the law of detachment

Thus are argument is valid.
13. Check the validity of the argument

p=gq
r=lg

p::lr

Solution. Let f=[(p=qg) a(r= | qll=(p = |r)
Now, we construct truth table for f

[, g r el i [psd|r=la|e=sare=1a|e=1n] v
T TilsT F F T F ¥ F T
T T. F F T T T T T T
T F T T F F T F F T
piolidy T F F T F F T T
T F F T T F T F T T
T s ua F F T T T T T T
F F T T F T T T T T
F F.: T T T T T T T

Since f column contains only T, the argument is valid.
14. Test the validity of the argument :
If two sides of a triangle are equal, then the opposite angles are equal.
Two sides of a triangle are not equal.
*. The opposite angles are not equal.
Solution. The statement above the horizontal line are rwo premises. The statement
below the horizontal line is the conclusion.
Let p:Two sides of a triangle are equal.
q: The oppaosite angles of a triangle are equal,
given argument in symbolic form can be written as
p = q (a premise)
1p (a premise)
| g (conclusion)
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We shall construct the truth table for statement.
[((p=q)alpl—= g

p q p=q 1p 'iq =g~ ]p [{Pﬂq]-a.]p_l_—_._l,_ '
T T T F F F T B

T F F F T F T_- R
P T r T F r P
F F T T T T T -

The last column in the table shows that [(p = g) A 1 pl= ] g is not a tautology H--...-
the given argument is not valid. '

15. State whether the argument given below is valid or not valid. If it is valid, ideny

tautclogy used :
I will become famous or | will be the writer.
I will nor be a wrirer.
- I will becorte famous.

Solution. Let p: | will become famous.

g : [ will be a writer.
The given argument in symbolic form can be written as

pva (a premise)
~q (a premise)
P {conclusion)

The given argument, i.e. (pvg)a(~q)— p will be valid if the statemen
[(p v q)A(—q)] - pis a tautology. Now we canstruct the truth table for the above statemen:

P 1 pvg | =9 |ev@aleg | Hpv@al=@l=p
T T T F F T |
T F T T T T |
F T T F F T _
P F F T F T ri

Since last column contains only Trues, hence the given argument is valid.

Exercise 2.2

1. Which of the following are statements : (h) {7x+ S5y =12:(x, y)=(1, 1),
(a) Grass is yellow xry.;jlw :
(b) Is the number 5 a prime ? 2. Let p be the proposition (statement) “ 15
(¢) Give me a book an even number” and ler g be the stateme?!
(d) (x:x?=9}={3-3) “x is the product of two integers™. Tmmlﬂ“:
(e} x? & 13 20 intoc symbols each of the following
(f) White roses are beautiful, Statements i o
(g) If dogs can bark, then no home (a) :;g:;;a;ﬂﬁrg:zhﬂ or X 1%
d b " .
?.:‘;:ﬂi L y @ dog needs to fear ) e an odd numper, and x is 8

product of two integers.
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11.

f¢) Lither x is an cven number and o

product ol integers, or x is an odd

number and is nol a product of

integers.

v is neither an even number nor a

product of integers.

write in reasonable English, the negation of

each of the following statements :

(1) lee is cold, and | am tired.

(b} FEither good health is desirable, or I
have been misinformed.

(¢} Oranges arc not suitable for use in

vegetable salads,

There is a number which, when

added to 6, gives a sum of 13,

Define compound statement and explain it

by an example.

If p= It is about to 6 : 45 p.m.; q = Sangam

train is about to depar.

(i)

idl

(a} prg (b) pvq

(€) qv1p (d) palyg
(e} Hpaq) (0 Tpvaq)
ig) 1p=q (h)y lg=p

Write the negation of the following :

(a) 1If the determinant of a system of
linear equation is zero, then, either
the system has no selution or has an
infinite number of solution.

Either today is not a Friday or today
is not a Sunday.

Use truth tables to verily

(a) The associative law for disjunction
(h) The associative law for conjuncrion
(c) The distributive law for A and v, and
(d) The two laws of absorption.

Construct the outh tbles for rhe following
statements :

@ Iirv (p ~q)]

(b) pv (gan)

€ algv(pag

(d) pvgvilp

(e} ( nq_ljvﬂpa1q]

) Ilp=1q

8 (pvgalipag)

Prove De Morgan's laws using rruth mbles.

(b}

- Comstruct  the truth table for rthe
contrapositive of p = g,
Designate  suitable simple statements
pandg and translate the following

Statement into symbaols ;
(@) 1f lemons are expensive and sugar is

cheap, then sour lemonade is rarely
BEET,

12.

13.

14,

15.

16.

17.

19.

20.
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Sour lemonade is often seen unless
sugar is cheap.
A necessary condition for lemons to
be cheap Is that sugar ls expensive.
Sour lemonade is rarely seen only if
sugar is cheap.
Determine the validity of the following
argument : “If wages increase then there
will be inflation, The cost of living will not
increase, if there {5 no inflation. Wages will
increase, therefore the cost of living will
increase.
Without using truth rtable, show that
(pvqia 10 patligy 17
v{-Fpﬁq‘q}lv{']pn n

is a r@mutology.
Determine the validity of rhe following
argument : “If Mary runs for office, she will
be elected. If Mary artends the meeting, she
will run for office. If mary attends the
meeting, she will run for office, Either Mary
will attend the meeting or she will go to
India, but Mary cannot go to India. Thus
Mary will be elected.
Prove that the following are tautologies :
(a) peoqialger)=(per)
(M Ttpa lp)
() (p=2q)vrea(pvri=(gvr)
(e ip=wrlg=ri=(p=r)
(N pvigarie(pvglalpyvrl
Prove the following equivalences and write
its dual.
(a) l(peg=(palgv(lpag)
(b) p=2(gvri=s(p=2qlvip=r]
(€) paqeEqap
(d) Pﬁ{%lﬂr]&-[pnq]nr
(e) (pa 'qvg)=pvyg
N (pag=ris(p=rivig=r)
Define the tautology and duality with
example.
Prove that conditdonal operarion is neither
commutative nor associative.
Prove that the following formula is nor a
mutology.

[(parivigaln]
& [parv(lgalnl
Simplify the following :
(@) (pvq)e 1p
(b) pvipaql
() vq}vﬂ}llni]']
() Tpa@al pvqlalpvag)l

{h)
ic)

(d)
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21. Check the validity of the following :
(a) p:.-t!i (b] p

r=19 q

p=1r lp=r
g=1lr
Tr

(clg=p (d)

g ‘i_Evh_'lzhl[Tpn"r]

L P

P

ANSWERS

Tq1,

MEE _Di SCretg Stry,

(c)r=1g
P=q

]r:l

pP=1

22. Write the dual ofthe J’n[luwm%ﬂ .
(xal)a(Dvx'), Pretay

LYY oo A
oy Fu":"l_-.I'I:.h'i,...

1. (a) Yes, (b) Yes, (c) Yes, (d) Yes, (e) Yes, () No, (g) Yes, (h)
2. (a)pvg (b) lpag () (paqivilpa

Yes,
(d) Ipnlg

r.'|'||r-|‘lh

3. (a) Either ice is not cald or | am not tired, (b] Good health is not desirable and 1 have 7, 1,
informed, (¢} Cranges are suitable for use in vegetahle salads, (d) There is no numhbe: bl

when did not add 1o 6, does not give a sum of 13

5. (a) Irisnbout 6 : 45 p.m. and Sangam train is abourt to depart, (b) Either it is about 6 - 4%, . |,
Sangam train is about to depan, (c) Either Sangam Train is about to depam or it s nm ..l-..-.f.| Fib i
45 p.m., (d) Ivis about to 6 : 45 p.m. and Sangam train Is not about to depart, (e) [Uis Gl i1
Ls about to 6 : 45 p.m. and Sangam rraln is about 1o depare, (F) Neither it is about to 6 44 . ¢,
nor Sangam train is about to depart, (g) Ifit is not about to & : 45 p.m., then Sangam i s 0
ro depart, {h) If Sangam train is not about to depart, then it is about 6 : 45 p.m.

6. (&) Iuis false that if the determinant of o system of linear equation is zero, then either the v
has no solutdoen er has an infinite number of solutons, (b) Today is a Friday and 1oda, -

Sunday.
8. (a)
F .5. - r 1r pPAag lrvipag) Tﬂrvlp—:ﬂl
T T T F T T F
T T F T T T -
T F T F F F T
F T T F F F P
T F F T F T Fo
F T F T F T F
g, F T F F F v
3 F ¥ T F T Fo
(b) :
P Py 1 r gar Ll pelgat)
T T T F T
T T F o T o T
T F T 2 F F -
F T T F F
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(z)
p 5 q Pvyg Pry lpag | (pvar- Ty
T T T T F /
T F T 13 ] r i )
F T T F T I _
F F F F T f
11. I p = lemons are expensive, g = sugar [s cheap, r = Lemonade is rarely seen
(a} (prgl=r, by lg=1r, (el lp=1lgq. (d) rosyy
16.(a) ][Pr_‘rq]zt[,pv JQ}.F.{-';I".I' ql. b} p=(garis(p=2g)(p=sr),
(Cypvg=qvp (d) pvigvrl=(pvqlvr
(&) (pv iglag=paq (f (pvg=a2ri=lp=r)alg=r)
20.(a) Ipag (b} p, (€ Tp  (d) pag

21.(a)valid, (b)) walid, (¢) valid, (d) valid, (e) walid, (f) invalid.
22, (xv1)w(0ax)



