Chapter 14

MATHEMATICAL REASONING

14.1 Overview

If an object is either black or white, and if it is not black, then logic leads us to the
conclusionthat it must bewhite. Observethat logical reasoning from the given hypotheses
can not reveal what “black” or “white” mean, or why an object can not be both.
Infact, logicisthe study of general patterns of reasoning, without referenceto particular
meaning or context.

14.1.1 Statements
A statement is a sentence which is either true or false, but not both simultaneously.

Note: No sentence can be called a statement if

(i) Itisanexclamation
(i) Itisan order or request
(i) Itisaquestion
(iv) Itinvolvesvariabletime such as‘today’, ‘tomorrow’, ‘yesterday’ etc.
(v) Itinvolvesvariable places such as ‘here, ‘there’, ‘everywhere’ etc.
(vi) Itinvolvespronounssuch as‘she’, ‘he’, ‘they’ etc.
Example 1
(i) The sentence
‘New DelhiisinIndig; istrue. So it is a statement.
(i) The sentence
“Every rectangle isa square” isfalse. So it is a statement.
(i) The sentence

(iv)

“Closethe door” can not be assigned true or false (Infact, it isacommand). So
it can not be called a statement.

The sentence



MATHEMATICAL REASONING 247

“How old are you?’ can not be assigned true or false (In fact, it is a question).
So it is not a statement.

(v) Thetruth or falsity of the sentence

“x isanatural number” depends on the value of x. So it is not considered as a
statement. However, in some books it is called an open statement.

Note: Truth and falisity of a statement is called its truth value.

14.1.2 Simple siatements A statement is called simple if it can not be broken down
into two or more statements.

Example 2 The statements

“2isan even number”,

“A square has all itssides equal” and

“ Chandigarh isthe capital of Haryana® are all simple statements.

14.1.3 Compound statements A compound statement is the one which is made up of
two or more simple statements.

Example 3 The statement
“11 isboth an odd and prime number” can be broken into two statements
“11isan odd number” and “11 isaprime number” so it isacompound statement.

Note: The simple statements which constitutes a compound statement are called
component statements.

14.1.4 Basic logical connectives There are many ways of combining simple
statements to form new statements. The words which combine or change simple
statements to form new statements or compound statements are called Connectives.
The basic connectives (logical) conjunction corresponds to the English word ‘and’;
disjunction corresponds to the word ‘or’; and negation corresponds to the word

not’.

Throughout we usethe symbol ‘A’ to denote conjunction; ‘v’ to denote disjunction and
the symbol ‘~' to denote negation.

Note: Negation is called a connective athough it does not combine two or more
statements. In fact, it only modifies a statement.

14.1.5 Conjunction If two simple statements p and q are connected by the word
‘and’, then the resulting compound statement “p and gq” is called a conjunction of p
and g and iswritten in symbolicformas“p A Q”.
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Example4 Form the conjunction of the following simple statements:

p: Dineshisaboy.
g: Nagmaisadgirl.

Solution The conjunction of the statement p and q is given by
pAqg: Dineshisaboy and Nagmaisadgirl.

Example5 Trandlate the following statement into symbolic form
“Jack and Jill went up the hill.”

Solution The given statement can be rewritten as

“Jack went up the hill and Jill went up the hill”
Let p : Jack went up the hill and q: Jill went up the hill.
Then the given statement in symbolic formisp A q.

Regarding the truth value of the conjunction p A g of two simple statements p and g,
we have

(D) : The statement p A g has the truth value T (true) whenever both p and g
have the truth value T.

(D,) :  The statement p A g has the truth value F (false) whenever either p or q
or both have the truth value F.

Example 6 Write the truth value of each of the following four statements:
() Delhiisinlndiaand 2+ 3=6.
(i) Delhiisinindiaand2 +3=5.
(i) DelhiisinNepal and2+3=5.
(iv) DelhiisinNepa and2+3=6.
Solution Inview of (D,) and (D,) above, we observe that statement (i) has the truth
value F asthetruth value of the statement “2 + 3=6" isF. Also, statement (ii) hasthe

truth value T as both the statement “Delhi isin India” and “2 + 3 = 5" has the truth
valueT.

Similarly, thetruth value of both the statements (iii) and (iv) isF.

14.1.6 Digjunction If two simple statements p and g are connected by the word
‘or’, then the resulting compound statement “p or g” is called disunction of p andq
and iswritten in symbolicformas“pv q”.

Example 7 Formthedisjunction of the following simple statements:
p: The sun shines.
g: Itrans.
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Solution The disjunction of the statementsp and q is given by
pvqg: Thesunshinesoritrains.

Regarding thetruth value of thedisjunction pv q of two simple statementsp and g, we
have

(D, :  The statement p v g has the truth value F whenever both p and g have
the truth value F.

(D) : The statement p v g has the truth value T whenever either p or g or both
have the truth value T.

Example 8 Write the truth value of each of the following statements:
(i) IndiaisinAsiaor2+2=4.
(i) IndiaisinAsiaor2+2=5.
(i) Indiaisin Europeor2+2=4.
(iv) IndiaisinEuropeor2+2=5,
Solution Inview of (D,) and (D,) above, we observe that only the last statement has
the truth value F as both the sub-statements “Indiaisin Europe” and “2 + 2 = 5" have

thetruth value F. The remaining statements (i) to (iii) havethetruth value T asat least
one of the sub-statements of these statements has the truth value T.

14.1.7 Negation An assertion that a statement fails or denial of a statement is called
the negation of the statement. The negation of a statement is generally formed by
introducing the word “not” at some proper place in the statement or by prefixing the
statement with “It is not the case that” or It is false that”.

The negation of a statement p in symbolic form iswritten as“~ p”.
Example 9 Write the negation of the statement
p: New Delhi isacity.

Solution The negation of pisgiven by

~p: New Delhi isnot acity
or ~ p: Itisnot the case that New Delhi isacity.
or ~p: Itisfasethat New Delhi isacity.
Regarding the truth value of the negation ~ p of a statement p, we have
(DY : ~ p has truth value T whenever p has truth value F.
(Dy :  ~ p has truth value F whenever p has truth value T.
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Example 10 Writethetruth value of the negation of each of the following statements:
() p: Every squareisarectangle.
(i) g:Theearthisastar.
(i) r:2+3<4
Solution Inview of (D) and (D), we observe that the truth value of ~p isF asthetruth

valueof pisT. Similarly, thetruth value of both ~qand ~r is T asthe truth value of both
statementsq andr isF.

14.1.8 Negation of compound statements

14.1.9 Negation of conjunction Recal that a conjunction p A g consists of two
component statements p and q both of which exist ssmultaneously. Therefore, the
negation of the conjunction would mean the negation of at |east one of the two component
statements. Thus, we have

(D,) : The negation of a conjunction p A q is the disiunction of the negation of
p and the negation of g. Equivalently, we write

~Prg)=~p v~q
Example 11 Write the negation of each of the following conjunctions:
(a) ParisisinFrance and London isin England.
(b) 2+3=5and8<10.
Solution
(@) Writep: ParisisinFranceand g : London isin England.
Then, the conjunctionin (a) isgiven by p A q.
Now ~ p: Parisis not in France, and
~(¢: Londonisnot in England.
Therefore, using (D-), negation of p A g is given by
~(p A Q) = Parisisnot in France or London is not in England.
(b) Writep:2+3=5andq: 8<10.
Then the conjunctionin (b) isgivenby p A q.
Now ~p:2+3#5and~(q:8 «10.
Then, using (D), negation of p A gisgiven by
—(prQ=(2+3+5)o0r (8 £10)
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14.1.10 Negation of digunction Recall that adigunction p v qis consisting of two
component statements p and qwhich are such that either por q or both exist. Therefore,
the negation of the digunction would mean the negation of both pand qsimultaneously.
Thus, in symbolic form, we have

(Dy) : The negation of a disunction p v q is the conjunction of the negation of p
and the negation of g. Equivalently, we write

~(pva)=~pa~q
Example 12 Write the negation of each of the following disjunction :
(a) Ramisin Class X or Rahimisin Class XI|.
(b) 7 isgreater than 4 or 6islessthan 7.
Solution
@ Let p :RamisinClassX and q: Rahimisin Class XIlI.
Then thedigunctionin (a) isgivenby pv g.
Now ~p: RamisnotinClassX.
~q : RahimisnotinClassXIl.
Then, using (D), negation of pv qisgiven by
~(p vQq): Ramisnotin Class X and Rahimisnot in Class XII.
(b) Writep : 7 isgreater than 4, and q: 6 islessthan 7.
Then, using (D,), negation of p v qisgiven by
~(p v Q) : 7isnot greater than 4 and 6 is not less than 7.

14.1.11 Negation of a negation Asalready remarked the negation isnot a connective
but amodifier. It only modifies a given statement and applies only to asingle simple
statement. Therefore, in view of (D,) and (D,), for a statement p, we have

(D,) : Negation of negation of a statement is the statement itself. Equivalently, we
write

~(~p=p
14.1.12 The conditional statement Recall that if p and q are any two statements,
then the compound statement “if p then q” formed by joining p and q by a connective
‘if then’ iscalled aconditional statement or an implication and iswritten in symbolic
formasp — q or p= g. Here, p is called hypothesis (or antecedent) and q is called
conclusion (or conseguent) of the conditional statement (p = 0Q):
Remark The conditional statement p = q can be expressed in several different ways.
Some of the common expressions are :
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(& if p,thenq
(b) qifp
(c) ponlyifq
(d) pissufficient for q
(e) qisnecessary for p.
Observe that the conditional statement p — q reflects the idea that whenever it is
known that pistrue, it will haveto follow that q is also true.
Example 13 Each of the following statements is also a conditional statement.
() If 2+2=5, then Rekhawill get anice-cream.
(i) If you eat your dinner, then you will get dessert.
(iii)  If John works hard, then it will rain today.
(iv) IfABCisatriangle then Z A+ 2B+ £ C=180°.
Example 14 Expressin English, the statement p — q, where
p :itisraining today
q:2+3>4
Solution Therequired conditional statement is
“If it is raining today, then2 + 3 > 4"

14.1.13 Contrapositive of a conditional statement The statement “(~q) — (~ p)” is
called the contrapositive of the statement p — q

Example 15 Write each of the following statements in its equivalent contrapositive
form:

(i) If my carisintherepair shop, then | cannot go to the market.

(i) If Karim cannot swim to the fort, then he cannot swim across the river.
Solution (i) Let“p: my car isintherepair shop” and “q : | can not go to the market”.
Then, the given statement in symbolic formisp — q. Therefore, its contrapositive is
givenby ~q — ~p.

Now ~p: My carisnot intherepair shop.
and ~q: | cango tothe market
Therefore, the contrapositive of the given statement is
“If 1 can go to the market, then my car is not in the repair shop”.
(i) Proceeding onthelines of the solution of (i), the contrapositive of the statement
in(ii)is
“If Karim can swim across the river, then he can swim to the fort”.
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14.1.14 Converse of a conditional statement The conditional statement “q — p” is
called the converse of the conditional statement “p — q”

Example 16 Write the converse of the following statements
(i) fx<y thenx+5<y+5
(i) 1fABCisan equilateral triangle, then ABC isan isoscelestriangle
Solution (i) Let
piXx<y
q:x+5<y+5
Therefore, the converse of the statement p — q is given by
“if x+5<y+5thenx<y
(i) Converse of the given statement is
“If ABC isan isoscelestriangle, then ABC isan equilateral triangle.”

14.1.15 The biconditional statement If two statements p and g are connected by
the connective‘if and only if’ then the resulting compound statement “pif and only if g’
is caled abiconditional of p andq and iswritten in symbolic form as p < q.

Example 17 Form the biconditional of the following statements:
p: Oneisless than seven
g: Two isless than eight

Solution Thebiconditional of p andq isgiven by “Oneislessthan seven, if and only
if two islessthan eight”.

Example 18 Trandatethefollowing biconditional into symbolic form:
“ABCisanequilateral triangleif and only if itisequiangular”.

Solution Letp : ABCisan equilateral triangle

and q: ABCisanequiangular triangle.

Then, the given statement in symbolic formisgivenby p< q.

14.1.16 Quantifiers Quantifieres are the phrases like ‘ These exist’ and “for every”.
We come across many mathematical statement containing these phrases.
For example — Consider the following statements

p : For every prime number X, \/;( isan irrational number.

g : There exists atriangle whose al sides are equal.
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14.1.17 Validity of statements Validity of a statement means checking when the
statement istrue and when it is not true. This depends upon which of the connectives,
quantifiersand implication is being used in the statement.

@)

(if)

(i)

Validity of statement with ‘ AND’

To show statement r : p A g istrue, show statement ‘p' istrue and statement ‘g’
istrue.

Validity of statement with ‘OR’

To show statement r : p v qistrue, show either statement ‘p’ istrue or statement

‘q istrue.

Validity of statement with “|f-then”

To show statement r : “If p then qistrue”, we can adopt the following methods:

(a) Direct method : Assume pistrue and show q istrue, i.e,p = q.

(b) Contrapositive method : Assume ~( is true and show ~p is true, i.e.,
~q=~p.

(c) Contradiction method : Assume that pistrue and g is false and obtain a
contradiction from assumption.

(d) By giving a counter example : To prove the given statement r is false we
give acounter example. Consider the follwoing statement.

“r : All prime numbers are odd”. Now the statement ‘r’ isfalseas 2 isa
prime number and it is an even number.

14.1.18 Validity of the statement with “If and only If” To show the statement
r: pif andonly if gistrue, we proceed as follows:

Step 1 Show if pistrue then q istrue.
Step 2 Show if gistrue then p istrue.

14.2 Solved Examples
Short Answer Type

Example 1 Which of the following statements are compound statements

(i)
(ii)
(i)

“2 isboth an even number and a prime number”
“9isneither an even number nor a prime number”
“Ram and Rahim are friends’



MATHEMATICAL REASONING 255

Solution

(i) The given statement can be broken into two simple statements “2 is an even
number” and “2 is a prime number” and connected by the connective ‘and’

(i) The given statement can be broken into two simple statements

“9isnot an even number” and “9 is not a prime number” and connected by the
connective ‘and’

(i) The given statement can not be broken into two simple statements and hence it
is hot a compound statement.

Example 2 Identify the component statements and the connective in the following
compound statements.

(&) Itisrainingorthesunisshining.
(b) 2isapositive number or anegative number.
Solution
(8 The component statements are given by
p:ltisraining
g: Thesunisshining
The connectiveis“or”
(b) The component statements are given by
p : 2 isapositive number
g : 2 isanegative number
The connectiveis‘or’
Example 3 Trandlate the following statementsin symbolic form
() 2and 3 are prime numbers
(i) Tigersarefoundin Gir forest or Rgjgji national park.
Solution

() The given statement can be rewritten as“2 is a prime number and 3 isa prime
number”.

Let p:2isaprimenumber
g : 3isaprime number
Then the given statement in symbolic formisp A q.
(i) The given statement can be rewritten as
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“Tigersarefound in Gir forest or Tigersare found in Rajgji national park
Let p:Tigersarefoundin Gir forest
g:Tigersarefoundin Rajaji national park.
Then the given statement in symbolic formisp v qg.
Example 4 Write the truth value of each of the following statements.
(i) 9isaneveninteger or 9+ liseven.
(i) 2+4=60r2+4=7
(ii) Delhi isthe capital of Indiaand |slamabad is the capital of Pakistan.
(iv) Every rectangle is a square and every square is a rectangle.
(v) Thesunisastar or sunisa planet.

Solution Inview of (D,), (D,), (D,) and (D,), we observe that only statement (iv) has
truth value F asthefirst component statement namely “ every rectangleisasquare” is
false.

Further, in statements(i), (ii) and (v) atleast one component statement istrue. Therefore,
these statements have truth value T.

Also, truth value of statement (iii) is T as both the component statements are true.
Example 5 Write negation of the statement
“Everyonewho livesin Indiaisan Indian”
Solution Let p : Everyone who lives in India is an Indian. The negation of this
statement is given by
~p: Itisfalsethat everyonewho livesin Indiais an Indian.
or
~ p: Everyonewho livesin Indiais not an Indian.
Example 6 Write the negation of the following statements :
(@) p:Alltrianglesareequilatera triangles.
(b) q:9isamultipleof 4.
(c) r:Atrianglehasfour sides.
Solution
(&) We have
Itisfalsethat al triangles are equilateral triangles
or
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~ p: Threre exists atriangle which is not an equilateral triangles.
or
~ p: Not al triangles are equilateral triangles
(b) ~q:9isnotamultipleof 4.
(c) ~r:Itisfalsethat the triangle has four sides.
or
~r: Atriangle has not four sides.
Example 7 Write the negation of the following statements :
(i) SureshlivesinBhopal or helivesin Mumbai.
(i) x+y=y+xand29isaprimenumber.

Solution
(i) Let
p : Suresh livesin Bhopal
and g: Sureshlivesin Mumbai

Thenthedigunctionin (i) isgivenby pv q.
Now ~p: Sureshdoesnotlivein Bhopal.
~ (@ : Suresh does not livein Mumbai.
Therefore, using (D,), negation of pv gisgiven by
~(pvVv Q) : Suresh doesnot live in Bhopal and he does not livein Mumbai.
(i) Let p:x+y=y+x
and g: 29 isaprime number.
Then the conjunctionin (ii) isgiven by p A q.
Now ~p:X+yz#y+X
and  ~(Q:29isnot aprimenumber.
Therefore, using (D,), negation of p A gisgiven by,
~(pAQ:x+y # y+xor29isnot aprime number.

Example 8 Rewrite each of the following statements in the form of conditional
statements :

(i) Mohan will be agood student if he studies hard.
(i) Ramesh will get dessert only if he eats his dinner.
(i) When you sing, my ears hurt.
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(iv)
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A necessary condition for Indian team to win acricket match isthat the selection
committee selects an al-rounder.

(v) A sufficient condition for Tara to visit New Delhi is that she goes to the
Rashtrapati Bhawan.
Solution
() The given statement is of the form “q if p”, where

p : Mohan studies hard.
g : Hewill be agood student.

It is an equivalent form (Remark (b) 14.1.12) of the statement “if p then q”. So the
equivaent formulation of the given statement is

“1f Mohan studies hard, then he will be agood student”.
(Here, note that in p he is replaced by Mohan and in g Mohan is replaced by he)

(i)

(i)

(iv)

(v)

The given statement is of the form

“ponlyif g’ whichisan equivalent form (Remark (c) 14.1.12) of the statement
“if ptheng’. So, the equivalent formulation of the given statement is:

“1f Ramesh eats his dinner, then he will get dessert”

Here ‘when’ means the same as ‘if ' and so the equivalent formulation of the
given statementsis:

“If you sing, then my ears hurt”

The given statement is of the form “qis necessary for p” where
p : Indian team wins a cricket match

g : The selection committee selects an all-rounder

which is an equivalent form (Remark (e) 14.1.12) of “if p then q". So the
equivalent formulation of the given statement is

“1f theteamswins acricket match then sel ection committee selectsan all rounder.
The given statement is of the form “p is sufficient for q° where

p : Tara goes to Rashtrapati Bhawan
g : Shevisits New Delhi

which is an equivalent form (Remark (d) 14.1.12) of “if p, then ", so the
equivalent formulation of the given statement is

“If Tara goes to Rashtrapati Bhawan, then she visits New Delhi”.
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Example 9 Expressin English, the statement p — g, where
p : Itisraining today
q:2+3>4
Solution The conditional statement is
“If itisraining today, then2 + 3> 4",
Example 10 Trandate the following statementsin symbolic form:
Ifx=7andy=4"thenx+y=11.
Solution Letp:x=7andy=4andq:x+y=11
Then the given statement is symbolic formisp — q
Example 11 Form the biconditional of the following statements :
p : Today is 14" of August
g : Tomorrow is Independence day
Solution The biconditional p <> qisgiven by
“Today is 14% of August if and only if tomorrow is Independence Day”.
Example 12 Tranglate thefollowing biconditional into symbolic form:
“ABCisan equilatera triangleif and only if its each interior angleis 60°”
Solution Let p: ABCisan equilateral triangle
and q: Eachinterior angle of triangle ABC is 60°
Then the given statement in symbolic formisp < q.
Example 13 Identify the quantifiersand write the negation of thefollowing statements
() There exists anumber whichis equal to its square.
(i) For al evenintegers x, ¥ is also even.
(ii) There exists anumber which isamultiple of 6 and 9.
Solution (i) The quantifier is*“there exists” and the negation is
“There does not exist a number which is equal to its square”
(i) Thequantifieris“for all” and the negationis
“There exists an even integer x such that x* is not even”
(i) Thequantifier is“there exists’ and the negation is
“There does not exist a number which isamultiple of both 6 and 9”.
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Example 14 Show that the following statement is true.
p : For any real numbersx, yifx=y,then2x+a=2y+awhenace Z.

Solution We prove the statement ‘p’ is true by contrapositive method and by Direct
Method.

Direct Method for any real number x, y given
X=Yy

= 2X=2

= 2x+a=2y+ aforsomeac Z.

Contrapositve Method The contrapositive statement of ‘p’ is*“For any real numbers
X, yif 2x+a=# 2y+ a, whereae Z, thenx#y.

Given X+az2y+a
= X #2y
= X#Y

Example 15 Check the validity of the statements

(i) r:100isamultipleof 4 and 5.

(i) s:60isamultipleof 3or 5.

Solution (i) Let p:ras

where r:“100isamultipleof 4" istrue
s:“100isamultipleof 5" istrue
Hencep istrue.

(i) Letqg:rV s where
r:“60isamultipleof 3", istrue.
s:“60isamultiple of 57, istrue.
Henceq istrue.

Objective Type Questions

Choose the correct answer out of the four options given against each of the Examples
16 to 18 (M.C.Q.).

Example 16 Which of the following is a statement?

(A) Roses are black.

(B) Mindyour own business.

(C) Bepunctual.

(D) Donottell lies.
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Solution (A) is the correct answer as the sentences in (B), (C) and (D) are neither
true nor false. Infact all these sentences are advices.

Example 17 The negation of the statement
“Itisraining and weather iscold.” is

(A) Itisnot raining and weather is cold.
(B) Itisraining or westher isnot cold.

(C) Itisnot raining or weather is not cold.
(D) Itisnot raining and weather is not cold.

Solution (C) isthe correct answer asit satisfies (D). The options (A), (B) and (D)
do not setisfy (D).

Example 18 Which of the following is the converse of the statement?
“If Billu secure good marks, then he will get abicycle.”

(A) If Billuwill not get bicycle, then hewill not secure good marks.
(B) If Billuwill get abicycle, then hewill secure good marks.

(C) If Billuwill get abicycle, then hewill not secure good marks.

(D) If Billuwill not get abicycle, then he will secure good marks.

Solution (B) isthe correct answer since the statement g — p is the converse of the
statement p — .

| 14.3 EXERCISE |
Short Answer Type

1. Which of the following sentences are statements? Justify

) A triangle has three sides.
(i) 0 isacomplex number.
(iii) Sky isred.

(iv) Every setisaninfinite set.
(V) 15+8>23.

(vi) y+9=7.

(vii) Where is your bag?

(viii) Every square is arectangle.

(ix) Sum of opposite angles of acyclic quadrilateral is 180°.
(x) sin’x + cos’x =0
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Find the component statements of the following compound statements.

() Number 7 is prime and odd.

(i) Chennai isin Indiaand isthe capital of Tamil Nadu.

(iii) Thenumber 100isdivisibleby 3, 11 and 5.

(iv) Chandigarh is the capital of Haryana and U.P.

(v) ﬁ isarational number or an irrational number.

(vi) 0 islessthan every positive integer and every negative integer.

(vii) Plants use sunlight, water and carbon dioxide for photosynthesis.
(viii) Two linesin aplane either intersect at one point or they are paralel.
(iX) A rectangleisaquadrilateral or a5 - sided polygon.

Write the component statements of the following compound statements and
check whether the compound statement is true or false.

0] 57isdivisibleby 2 or 3.

(i)  24isamultipleof 4 and 6.

@iy  All living things have two eyes and two legs.
(iv)  2isaneven number and a prime number.
Write the negation of thefollowing simple statements
() The number 17 isprime.

(i) 2+7=6.

@iy  Violetsareblue.

(iv) «f5 isarational number.

(v)  2isnot aprime number.

(vi) Everyreal number isanirrational number.

(vii) Cow hasfour legs.

(viii) A leap year has 366 days.

(ix)  All similar triangles are congruent.

(x)  Areaof acircleis same as the perimeter of the circle.
Trandlate thefollowing statementsinto symbolic form

) Rahul passedin Hindi and English.

(i)  xandy are even integers.

@iy 2,3 and 6 arefactors of 12.
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(iv) Either x or x + 1 isan odd integer.
(V) A number iseither divisibleby 2 or 3.
(vi) Either x =2 or x =3 isaroot of 3x2—x—-10=0

(vii) Students can take Hindi or English as an optional paper.
Write down the negation of following compound statements

) All rational numbers are real and complex.

(i) All real numbersarerationalsor irrationals.

(iii) x = 2 and x = 3 are roots of the Quadratic equation x2—5x + 6 = 0.
(iv) A triangle has either 3-sides or 4-sides.

(v) 35 isaprime number or acomposite number.

(vi) All prime integers are either even or odd.

(vii) |X|is equal to either x or —x.

(viii) 6isdivisibleby 2 and 3.
Rewrite each of the following statementsin the form of conditional statements

() The square of an odd number is odd.
(i) You will get a sweet dish after the dinner.
(iii) Youwill fail, if youwill not study.
(iv) Theunit digit of anintegerisOor 5if itisdivisible by 5.
(v) The square of a prime number is not prime.
(vi) 2b=a+c,ifabandcaein A.P.
Form the biconditional statement p < q, where
0] p : Theunit digit of an integer is zero.
g:Itisdivisibleby 5.
(i) p :A natural number nis odd.
g : Natural number nisnot divisible by 2.
(iii) p : Atriangleisan equilateral triangle.

g : All three sides of atriangle are equal.
Write down the contrapositive of the following statements:
(@) Ifx=yandy=3,thenx=3.
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10.

11.

(1)
(i)
(iv)
(V)
(vi)
(vii)

If nisanatural number, then nisan integer.

If all three sidesof atriangleareequal, thenthetriangleisequilateral .
If x and y are negative integers, then xy is positive.

If natural number nisdivisible by 6, then nisdivisible by 2 and 3.

If it snows, then the weather will be cold.

If xisarea number such that 0 < x < 1, then xX*< 1.

Write down the converse of following statements :

0)
(i)
(i)
(iv)
(V)
(vi)
(vii)
(viii)
(ix)

If arectangle ‘R’ isasquare, then R isarhombus.
If today is Monday, then tomorrow is Tuesday.
If you go toAgra, then you must visit Tgj Mahal.

If the sum of squares of two sides of atriangleis equal to the square of
third side of atriangle, then the triangleisright angled.

If al three angles of atriangle are equal, then the triangle is equilateral .
If x:y=3:2,then 2x=3y.

If Sis a cyclic quadrilateral, then the opposite angles of S are
supplementary.

If X is zero, then xis neither positive nor negative.

If two triangles are similar, then theratio of their corresponding sidesare
equal.

Identify the Quantifiersin the following statements.

(i)
(i)
(i)
(iv)
v)
(i)
(vii)
(viii)
(ix)
)

There exists atriangle which isnot equilateral.

For al real numbersx andy, xy = yx.

There exists areal number which is not arational number.

For every natural number x, x + 1 isaso anatural number.

For all real numbersx with x > 3, x? is greater than 9.

There exists atriangle which is not an isosceles triangle.

For al negative integers x, X® is also a negative integers.

There exists a statement in above statements which is not true.
There exists a even prime number other than 2.

There exists areal number x such that x>+ 1= 0.
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13.

14.

15.
16.
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Prove by direct method that for any integer ‘n’, n* —n is always even.
[Hint: Two cases (i) niseven, (ii) nisodd.]

Check thevalidity of thefollowing statement.

(@) p:125isdivisibleby 5and 7.

(i) g:13lisamultipleof 3 or 11.

Prove the following statement by contradication method.

p : Thesum of anirrational number and arational number isirrational.
Prove by direct method that for any real numbersx, y if x =y, then x2 = y2,

Using contrapositive method provethat if n2Zisan eveninteger, thennisasoan
even integers.

Objective Type Questions
Choose the correct answer out of the four options given against each of the Exercises

17.

18.

19.

17 to 36 (M.C.Q.).

Which of the following is a statement.
(A) x isareal number.

(B) Switch off the fan.

(C) 6isanatura number.

(D) Let me go.

Which of the following is not a statement
(A) Smokingisinjuriousto health.
(B)2+2=4

(C) 2isthe only even prime number.
(D) Come here.

The connective in the statement
“2+7>9 0r 2+7<9"is

(A) and

(B) or

©>

(D) <
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20.

21.

22.

23.

24.
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The connective in the statement

“Earth revolves round the Sun and Moon is a satellite of earth” is

(A) or

(B) Earth

(C) Sun

(D) and

The negation of the statement

“Acircleisanéellipse” is

(A)Anéllipseisacircle.

(B) Anéllipseisnot acircle.

(C) Acircleisnot an ellipse.

(D) A circleisan ellipse.

The negation of the statement

“7 isgreater than 8” is

(A) 7isequal to 8.

(B) 7 isnot greater than 8.

(C) 8islessthan 7.

(D) none of these

The negation of the statement

“72isdivisibleby 2and 3" is

(A) 72isnotdivisibleby 2 or 72isnot divisible by 3.
(B) 72isnotdivisibleby 2and 72isnot divisible by 3.
© 72isdivisibleby 2 and 72 isnot divisible by 3.
(D) 72isnot divisibleby 2and 72 isdivisibleby 3.
The negation of the statement

“Plants take in CO, and give out O,” is

(A) Plants do not take in CO, and do not give out O,
(B) Plants do not take in CO, or do not give out O,.
© Plants take in CO, and do not give out O,

(D) Plants take in CO, or do not give out O,.
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26.

27.

28.

29.
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The negation of the statement
“Rajesh or Rajni livedin Bangalore” is

(A) Rajesh did not livein Bangalore or Rajni livesin Bangal ore.
(B) Rajesh livesin Bangal ore and Rajni did not livein Bangal ore.
© Rajesh did not livein Bangalore and Rajni did not livein Bangal ore.

(D) Rajesh did not livein Bangalore or Rajni did not livein Bangal ore.
The negation of the statement
“10lisnotamultipleof 3" is

(A) 101 isamultipleof 3.
(B) 101 isamultipleof 2.
© 101 isan odd number.
(D) 101 is an even number.

The contrapositive of the statement
“If 7 is greater than 5, then 8 is greater than 6” is

(A) If 8 is greater than 6, then 7 is greater than 5.

(B) If 8 isnot greater than 6, then 7 is greater than 5.
© If 8 isnot greater than 6, then 7 is not greater than 5.
(D) If 8 isgreater than 6, then 7 is not greater than 5.

The converse of the statement
“If x>y, thenx+a>y+a"is

(A) Ifx<y thenx+a<y+a.
(B) If x+a>y+a,thenx>y.
© Ifx< vy thenx+a>y+ a.
(D) Ifx> vy, thenx+a<y+ a

The converse of the statement
“If sunisnot shining, then sky isfilled with clouds” is

(A) If sky isfilled with clouds, then the sunis not shining.
(B) If sunisshining, then sky isfilled with clouds.
© If sky isclear, then sunis shining.

(D) If sunisnot shining, then sky isnot filled with clouds.
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30.

31.

32.

33.

34.
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The contrapositive of the statement

“If p,thenq’, is

(A) If g, thenp.

(B) If p, then~q.

© If ~q,then~p.

(D) If ~p,then~q.

The statement

“If x2is not even, then x is not even” is converse of the statement
(A) If x2is odd, then x is even.

(B) If X is not even, then x? is not even.
(© If X is even, then x?is even.

(D) If X is odd, then x?is even.

The contrapositive of statement
‘If Chandigarhiscapital of Punjab, then ChandigarhisinIndia is

(A) If Chandigarh isnot in India, then Chandigarh is not the capital of
Punjab.

(B) If Chandigarhisin India, then Chandigarh is Capital of Punjab.

© If Chandigarh isnot capital of Punjab, then Chandigarh is not capital
of India.

(D) If Chandigarh is capital of Punjab, then Chandigarhisnot in India

Which of the following isthe conditional p — q?

(A) g issufficient for p.

(B) p is necessary for g.

(© p only if g.

(D) if g, then p.

The negation of the statement “The product of 3and 4is9” is

(A) It isfalse that the product of 3and 4is9.

(B) The product of 3and 4is12.

© The product of 3and 4 isnot 12.

(D) It isfalse that the product of 3 and 4 isnot 9.
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35.  Which of thefollowing is not anegation of
“A natural number is greater than zero”

(A) A natural number is not greater than zero.
(B) It isfalse that a natural number is greater than zero.
© It isfalse that a natural number is not greater than zero.

(D) None of the above
36. Which of the following statement isaconjunction ?

(A) Ram and Shyam are friends.
(B) Both Ram and Shyam are tall.
© Both Ram and Shyam are enemies.
(D) None of the above.
37. State whether the following sentences are statements are not :
) The angles opposite to equal sides of atriangle are equal.
(i) The moon is a satellite of earth.
(iii) May God bless you!
(iv) Asiaisacontinent.
(V) How are you?
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