14.4. 3 Qtzaﬂtlﬁer

“In Mathematics, we deal with many mathematlcal statements contain ing phrases like ‘There
exists’, ‘For every’ or ‘For all’. These phrases are called the quantzf iers. It tells us about
.. the quantlty of the varlable n the statement.
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Ilustration 9
Consider the foll
x4+ 5>4forallx e N

q: For every prime number m, .
r: There exisls a rectangle whose d
The statement P’ means that for every natu
. The statement ‘g’ means that if S denote the set©

A/m isan irrational number.
that there is atleast one rectangle whose 2ll sides zre ez ezl

owing statements.

P

-

Jm is an irrational pumber

1l sides are equal.
ral number x, x + 3> 4
fall prime numbers, then for zll the memter

in the set S,
The statement 4’ means

 Example 16

Identify the quantifier in the

For all positive integers X, We have x +2> 8

There exists a capital for every state in India.
xx<x+tl,

following statements and write its negation.

i
ii.
i Forevery real number
. Solution . -

_ The quantifier is ‘Forall’
" Negation: There exists a positive integer X, such that x + 2 is niot greater than 5.

or T here exists a positive integer X such that x +

ii. The quantifier is ‘There exists’.
Negation: There exists a state in India which does not have a capital :

i

2 is less than or equal 10 &.

ii. The quantifier is ‘For every’
Negation: There exists a real number x,which is not less than x = 1.
or. There exists a real number x such that x is greater than or equal 1o x = I

$F0 NCERT TEXT BOOK EXERCISE 14.3
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1. For eachof the following compound statements first identify the connecting words and then

break-it into component statements.
i. -~ All rational numbers are real and all re
.ii. Sgpare of an integer'is positive or negative. -

- i’u The sand heats up quickly in the Sun and does not cool down fast at night.
iv. x=2and x =3 are the roots of the equation 3x* —x—10=10. -

al numbers are not complex.

Solution =~ . S

i. “And”. The con_lpb_nent statements are:
All rational numbers are real.

ii. “Or”. The component statements are:

Square of an integer is positive.

All real numbers are not complex.

-

Square of an integer is negative.



«And”: the component statements are: -
The sand heats up quickily in the sun. The sand does not cool down fast at night.
“ And’ . The component statements are: )

-1 is a root of the equation 3x*—x —10=0
¢ =3 isaroot of the equation 3x>—x—10=0 )
[dentify the quantifier in the following statements and write the ne_.anon of the statements.
There exists a number which is equal to its square.
" For every real number x, x is less than x + 1.

i There exists a capital for every state in India.

=\

\.\)

i

Solutiorr )
“There exists™. . -

" The negatlon is There does not exist a number w thh is equal to its square.
i “For every
The neoatlon is There exists a real number x such thatx is not less than x + 1.
i “There exists”. ' ' ) -
- The negation is There exists a state in India which does not have a capital,
3. Check whether the following pair of statements are negation of each other. Give reasons for
your answer. -
i x+y=y+xistrue for every real numbers x and b
. .There exists real numbers x ahd y for whlch x+y= ) +x.
Solut:on : »
No. The. negation of the statement in (i) is There exists real number x and y for which
x+y # y +x, which is not the statement -given in (ii).
4. State whether the or used in the following statements is exclusive or mclusn'e.

lee reasons for your answer.

* Sun rises or Moon sets.
ii. .To apply for a driving hcence you should have a ration card ora passport.

i All mtegers are positive or negative.

Solution ; )
i. Exclusive ii. Inclusive - iii. Exclusive

i



For each of the following statements, determine whether an inclusive “Or” or exclusiye

(N CER’[‘)

!J

“Or" is used. Give reasons for your answer. -
i To enter a country. you need a passport or a voter registration card.
i The school is closed if it is a holiday or a Sunday. :
iii. Students can take French or Sanskrit as their third language.
Identify the type of “Or™ used in the following statements and check whether the statements

(NCERT)

are true or false:

i /2 isarational number or an irrational number.
ii. To enter into a public library children need an Identlty card from the SChOOl ora letter

from the school authorities. !
fii. A rectangle is a quadrilateral or a 5-sided polygon.
4. Identify the quantifierin the following statements and write the neoatlon of'the given staternems ,

i. For every real number x, x + 5 is greater than 2
ii. There exists a triangle whose sides are equal -

14.5. IMPLICATIONS (Condltlonal Statements)

We are familiar with statements of the formif - then, only if, if and only if, etc. The
statements with these phrases are known as implications. In this section, we shall discuss about
- conditional statements if - then and the blcondmonal statement “if and only if” :

Conditional statement (If - then)

Let p and g be two statements then the compound statement of the form “If p- then q is
called a conditional stitement. This is denoted by p=>¢ (read as p implies g). Here p is the
antecedant and g is the consequent. '

Consider the statement

 r: If ABCD is a parallelogram then AB = CD.
The component statements are p : ABCD isa para[lelocram and g : AB=CD

Then r is “If p then q

lilustration 10
Consider the implication if N is a multiple of 4, then it is a multiple of 2.

The component statements are -
p : N is a multiple of 4

The implication if p then g is same as p=¢

The statement p=>4g means that the number N is a multiple of 4 is a sufficient condition to
conclude that N is a multiple of 2. . _
That is, p—> ¢q is same as p is the suffic:ent cond:txon for q.

The statement p — g means that Nisa multlple of4onlyifitisa multlple of2or

g : N is a multiple of 2

P on]y if g.



hat 18 p=>q is same as p only if q.

at 122 : . s i o

The statement p =g means that when'N is a multiple of 4, it is necessary that N is a multiple of 2.
That iS. P
The statem

— q is same as g is a necessary condition for p.
ent p=>q also means that when N is not a multiple of 2, then N is not a multiple

ample 17 : e | .
b Rewrite the following statement with “if-then” in five different ways conveying the same
meaning. _ | o | (NCERT)
Ifa natural number is odd, then its square is also odd. '
Solution e . "
[ number.is odd implies that its square-is odd.

j ~Anaturd A L
; For the square of a natural number to be odd,
- A patural number is odd only ifits square is odd. _

number to be odd it is necessary that.its square is odd.

f a natural number is not odd, then the natural number is not odd.

it is sufficient that the number isodd -

jv. Fora natural
v. Ifthe square o

Example 18 ‘ ,
For the given statements identify the necessary and sufficient conditions.

t- If you drive over 80 km per hour, then you will get a fine.

Solution ' ' ‘ ‘ _

" Letp and g be the component statements. o | o
p : You drive over 80 km per_hour.

q : You will get a fine.

In the conditional statement ' _ 7
“if p then g”, the necessary condition is p and the sufficient condition is g:

~.Necessary condition : You.drive over 80 km per hour
Sufficient condition : You will get a fine.

(NCERT)

Truth value of Implication

Illustration 11

i. Letp: 18 is divisible by 6

"~ g : 18 is divisible by 2

- Both p and g are true. We also observe that p=> ¢ is true:
i. Letp : 19 is divisible by 6 ,
g : 19 is divisible by 2 .
Both p and g are false. We observe that p=g¢ is true.



i

v,

Let p o 18 is divisible by 6

g - 18 is not divisible by 2

Here p is true and g is false. Also p=>q is false.

Let p : 14 is divisible by 6.

g : 14 is divisible by 2

Here p is false and g is true. We observe that p= ¢ is true.
This illustration leads us to the following rule.

Rale for campour}}l sra{ement p — q T
The lmphcatlon ifpitheng” is always true e‘(cept when p is true-and ¢ is false. J

Example 19

‘Write the component statement of each of the followmg statements Also check whether the
statements are true or not. }

i. If A ABC is equilateral, then it is isosceles. (September.z()m)
ii. Ifxand y are integers, then xy is an irrational number. ' ) (NCERT)
Solution ‘

1.

iL

|- STUDV=IR: =

The component statements are given by

p: A ABCisequilateral =~ g: A ABC is |$dscélcs.

Since an equilateral triangle is isosceles, the given
compound statement is true., -

p=>q is same as ~p or q.

The component statements are given by
p:xand y are integers g: xy.is an irrational number.

Since the product of two integers is an integer it is not an irrational number, the given compound
statement is false. .

14.5.1. Contrapositive and Converse

In this section we discuss how to form the contrapositive and « converse of a conditional

statement p =g (If p then g)

Contrapositive of the implication if p then ¢ brpﬁq

If p and g are two statements, then contrapositive of the implication' if p'then q is if ~q then ~p

Example 20

Write down the cohtraposilive statements of the following statements
i. If a number is divisible.by 9, then it is divisible by 3 ~ (September 2010)
ii. Ifatriangle is equilateral, then it is isosceles. : C (March 2010)



jon , :
S‘nlug ntmpositwe-of the statements are
. 1fanumber is not divisible by 3, then itis notdivisible by 9

Ifa tnangle is not isosceles, then it is not equilateral.

>

Wnte the contrapositive and the converse of the statement. “If a triangle is not isosceles, then
it is not eqmlateral : : . s , (March 2015)
golution h |

Cont:raposmve of the statement:

Ifa tnangle is equilateral, then it is lsosceles : B
Converse of the statement: ‘ -

Ifa tnangle is not equilateral, then 1t is not 1sosceles. -- E

Converse of the implication if p then q or p=q

. The converse of the lmphcatlon if p then q is obtained by interchanging the antecedant
and consequent of the given statement The converse of the implication gfp then q is if q then p-

Example 22
© Write the converse of the following statements

i Ifanumbern is even, then wiseven. " (NCERT, March 2011, A'ug'ust 2014)

i If r is the radlus of a circle, then its area is Tr? |
ii. If you do all the exercises in this book, then you ‘will get an ‘A grade in the class’ .

iv. Ifatriangle is equilateral, then all the angles are‘equal.
v. Ifx is an integer and x? is even then x is also even. )

Solutmn
" * - The converse of the statements are .

i If a number #? is even, then » is even

(March 2012)

i, Ifthe area of a circle is m‘z then its radlus IS r o .
an ‘A grade’in the class, then you have done all ‘exercises of this book’.

(iii. Ifyou get
le are equal then it is an eqlulateral triangle.

. Ifall the angles of 2 triang
‘v. Ifthe integer X is even, then x? is even. - o -

Biconditional or if and only if implication
two statements, then the compound statement p =g and ¢ = p is called

-~

If p-and g are
an 1f and only if 1mpheat1on denoted as p=>q. .

fficiel
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The following are examples of if and only if implications
i. A quadrilateral is equiangular if and only ifitis a rectangle.
ii. You will get an ‘A grade’ if and only if you do all the homework regularly
Example 23
Combine the following statements usmg if and only if.
p: If a rectangle is a square, then all its four sides are equal
g: If all the four sides of a rectangle are equal, then the rectangle is a square.
So!urmn : . . "
A rectangle is a square lfand only if all its four sides are equal
Emmple 24 o - |
Using the words “necessary and sufficient” rewrite the statement.
“Thie integer 7 is odd if and only if 2 is odd”.

(NCER
- Solution D.

“The necessary and suff' c1eﬁt condltlon that the integer n be odd is #*> must be odd.

1. Rewnte the followmg statement with “if-then” in five different ways conveying the same meaning,
Ifa natural number is odd, then its square is also odd.
Solution ’ G

Refer Example 1 7

2. Write the contrapositive and converse of the followm g statements.

i Ifxisa prime number, then x isodd. - ’ (March 2013, September 2013)
. If the two lines are parallel then they do not intersect in the same plane.

i Somethmg is cold impliesthat it has low temperature. "

iv. You cannot comprehend geometry if you do not know how to reason deductlvely

V. xis an even number implies that x is divisible by 4.
So[utmn '

i. The contrapositive is If a number x is not odd, then x is not a prime number.
The converse is If a number x in odd, then it is a prime nu_rnben .

ii. The contrapositive is If two lines intersect in the same plane, then they are not parallel
The converse is If two lines do not interesect in the same plane, then they are parallel



iii. The contrapositive is If something is not at low temperature, then it is not cold
The converse is If something is at low tcmpcralurc then it is cold
The contrapositive is If you know how to reason deductively, then you can comprehend

geometry.
The converse is If you do not know how to reason deductively, then you cannot comprehend

geometry
v. This statement can be written as “If x is an even-number, then x is divisible by 4".

iv.

The contrapositive is, If x is not divisible by 4, then x is not an even number.
The converse is, If x is divisible by 4, then x is an even number. ‘
3. Write each of the following statements in the form “if-then”
i, You get a job implies that your credentials are good.
ii. The Bannana trees will bloom if it stays warm for a month.
ii. A qu_adrilatefal is a parallelogram if its diagonals bisect each other.
iv. To get an A" in the class, it is necessary that you do all the exercises of the.book.
Solution , | |
i. If you get a job, then your credentials are good.
ii. If the banana tree stays warm for a month, then it will bloom.
iii. If diagonals of a quadrilateral bisect each other, then it is a parallelogram.
iv. If you get A* in the class, then you do all the e\(elclses in the book.
4. Given statements in (a) and (b). ldentify the statementq given below as contrapositive or
converse of each other.
a. Ifyou live in Delhi, then you have winter clothes.
1 If'yoﬁ do not have winter clothes, then you do not live in Delhi.
i. Ifyou have winter clothes, then you live in Delhi.
b. If a quadrilateral is a parallelogram, then its diagonals bisect each other.
i. If the diagonals of a quadrilateral do not biscct cach other, then the quadrilateral is not -
a parallelogram. i -
ii. Ifthe diagonals of a quadrilateral bisect cach othcr then it isa parallelogmm
| Solution
a. i. Contrapositive ii. Conyerse
b. i." Contrapositive ii. Converse



