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14.1

Inductive

Deductive

14.2 Statements

mathematical statement

2003

Statements

George Boole
(1815-1864)

v There are few things which we know which are not capable of mathematical

reasoning and when these can not, it is a sign that our knowledge of them is very

small and confused and where a mathematical reasoning can be had, it is as great

a folly to make use of another, as to grope for a thing in the dark when you have a

candle stick standing by you.– ARTHENBOT v

(MATHEMATICAL REASONING)
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mathematically acceptable

x y 0

x y

x = 1,  y = –3 x =1,  y = 0

x y x y

0

!

variable

time

40

12

 31

p, q,

r,....... p

p :
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iii iv

v vi
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ii

iii

iv
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vi

14.1

1

35

5 7 10 

–1 8 8.

180
o.

2

14.3 New Statements from old

Gorge Boole 1854 The laws of

Thought
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14.3.1

Negation

p :

1 p p ~p p

not p

A It is not the case

p :

2

7

i

ii 7

7
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 3

0

3 4 9.

i

iii 0

0

iv 3 4 9,

3 4 9

14.3.2 Compound Statements

p :

q :

r :
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p : 7

q : 7

r : 7

2 A compound statement

a component statement

4

0

i

p :

q :

ii

p : 

q :

iii

p :

q :

iv

p : 0

q : 0

5
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MCA

2

2, 4 8 24.

i

p :

q :

ii

p :

q :

iii

p : MCA

q : MCA

iv

p :

q :

v

p : 2

q : 2

vi

p : 2 24.

q : 4 24

r : 8 24
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 14.2

1.

2

2 7

2

x

x

x

x

3.

3

100 3,11 5

14.4 (Special Words / Phrases)

connective

14.4.1 (The Word "And")

p : 

q :

r :

p: 42 5, 6 7

q : 42 5

r : 42

s : 42
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1.

2.

6

0

i

p : 

q :

ii

p : 0

q : 0

iii

p :

q :

p :

A

14.4.2 (The Word  "Or")

p :
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p :

exclusive “or”

inclusive “or”

7

i

1

2

p :

q :

r :
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q q p

8 125

125

r : 8 125

q p

p :

q :

r :

q p

p :

p :

r :

8

2

i

p : 2

q : 2

p : 

q :
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14.4.3 Quantifiers “There exists”

“For all” “There exists”

 p : there exists

“there exists” “for

every” for all

p : p p

p

“for every”

1. x y y < x.

2 y x

 y < x.

1

2

“There exists”

“for all”

14.3

1
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3x2 –x –10 = 0 x = 2 x = 3

2

there exists

x x + 1 x

there exists

3

x y x +y = y +x

x y x +y = y +x.

4

14.5 Implications

“If then” “only if” “If and only

if”

r :

p q

p :

q :

p q p q

p q p q

q

p q

p q p

p q

r : 9 3

p q

p : 9

q : 3
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p q

1. p q p implies q p qÞ ' 'Þ

9 3

2. q p 9 3

3 p q 9 3 

4 p q 9

3

5. ~ q ~ p 3 9

14.5.1 Contrapositive Converse

9 

9 3 

3 9

p q ~ q ~ p

p, q q p

p : 10 5

q : 5 10

10

n n2



295

A

a b a > b a – b

n2 n

A

a b a – b a > b.

11

ABC

a b ab

i

p : ABC

 q : ABC

ii

p : a b

q : ab

' 'Û p q

p q

q p

q p

p qÛ

12

p :

q :

p : 3 3

q : 3 3

i

3 3 
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14.4

1

2

x x

x x, 4

3.

A+

4 b

b

14.6 Validating Statements

1 p q ‘‘p q’’

1 p

2 q
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2

p q p q

1. p q

2 q p

3

p q

1 p q

2 q p

4

p q

i p q ii q  p

13 

x y, ÎZ x y

p x y: , ÎZ x y

3 1 p

q

p x y

x m= +2 1, m

y n= +2 1, n

xy m n

mn m n

= + +

= + + +

( )( )

( )

2 1 2 1

2 2 1

3 2

q q

~q

x y p

~ ~q pÞ
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A p qÞ ~ ~q pÞ

p qÞ

14 

x y, ÎZ x

p : xy 

q : x y

p qÞ

~ ~q pÞ

~ q : x y x y

x = 2n, n xy = 2ny

~ p

~ ~ .q pÞ

p :

q :

14.6.1 By Contradiction

p p

~ p

p

15. p: 7

7

a b 7 =
a

b
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7 7 7
2

2

2 2= Þ = Þ
a

b
a b a c a =

7c

a2 = 49c2 a2 = 7b2

7 49 7 72 2 2 2b c b c= Þ = Þ b 7 a

a b 7, a b

7 7

a counter example

16 

n

p q

p ~q. n

9 n = 9 

A

14.5

1 i iii

p: x x x3 4 0+ = , x 0

2 a b a2 = b2 a = b

3

p : x  x2  x

4

p :

q : x2–1=0 0 2

5

p :

q :
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r :

s : x y x > y –x<–y.

t : 11

17

t :

            p :

 p :

18

p : x x2 > x.

q : x x2 = 2.

r :

s :

i p p x2>x

~ p : x x2 < x

q q ~ q

~ q : x x2 = 2

~ q : x x2 2¹

~ r :

~ s :

19 n n2

n n2 p q

p : n

q : n2

p q p q q p
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1 p q.

p q

n n2

n n = 2k + 1

n k

k k

2 2

2

2 1

4 4 1

= +

= + +

b g

n2

2 q p

q p

n n2 n

n n2 k n

n=2 n2 = 4k2 n2

20 t : 80

p q 

p : 80

q :

p q q p 80

80

p q p q

80

1

p : x x–1

q :

r : x x >1 x <1

s : x 0 < x < 1.

2

p : 1

q :
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r :

3 p q

p :

q : 

r :

4 p q

p :

q : A

r :

5

p : 5 25

q : 8 25

6

p :

q : n n > 3 n2 > 9

7

p :

u

u

– p p p ~ p

–

–

p, q

– p q p qÞ
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– q p

– p q

– p q

– ~ q ~ p

– p qÞ ~ ~q pÞ p qÞ

q pÞ p qÞ p

q

u

Aristotle: 384 B.C. – 322 B.C

G.

W. Leibnitz : 1646-1716

George Boole :1815-1864

Augustus De  Morgan : 1806-1871
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