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2.1  (Introduction)

m n l m

A B 

2.2 (Cartesian Products of Sets)

A B 

A= { } B= {b, c, s} b,c, s

(bag) (coat) (shirt) 

b) c) s) b) c) s)

2.1)

P Q (ordered pair)

(p, q),

pÎP, qÎQ. 

vMathematics is the indispensable instrument of all

physical research – BERTHELOTv

G. W. Leibnitz

(1646–1716)

2.1
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2.2

1 P Q P Q

P´ Q

P´ Q ={(p, q) : pÎP,  qÎQ}

 P  Q  P´ Q P Q =´ f

A´ B = { b), c), s), b), c) s }

A= {DL, MP, KA}  DL, MP, KA-

 B= {01,02, 03}, 01,02,03  DL, MP KA

A 

2.2

(DL, 01), (DL, 02), (DL, 03),  (MP, 01), (MP, 02), (MP, 03), (KA, 01),  (KA, 02), (KA, 03).

A B 

A×B = {(DL, 01), (DL, 02), (DL, 03), (MP, 01), (MP, 02,), (MP, 03)  (KA, 01), (KA, 02), (KA, 03)}

9 A B 3 

(DL, 01)

(01, DL) 

A= {a
1
, a

2
} B= {b

1
, b

2
, b

3
, b

4
}

2.3

A´ B = {(a
1, 

b
1
) (a

1, 
b

2
), (a

1, 
b

3
), (a

1, 
b

4
), (a

2, 
b

1
), (a

2, 
b

2
),  (a

2, 
b

3
), (a

2, 
b

4
)}

A B 8 8 

(a
1 
,b

2
) (b

2 
, a

1
) 

(i)

(ii) A p B q A ´ B pq

n(A)=p n (B) =q, n (A´ B) =pq

(iii) A B A B A ´B 

2.3
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(iv) A´ A´ A ={(a,b,c) : a, b, cÎA}

(a, b, c) (ordered triplet) 

 1 (x+ 1, y- 2) = (3, 1), x y

x+1=3  y - 2=1

x =2 y =3.

2 P= {a,b,c} Q= {r}, P´ Q Q ´ P 

P ´Q = {(a,r), (b,r), (c,r)} Q´ P ={(r,a), (r,b), (r,c)}

(a, r) (r, a) P´ Q¹ Q´ P. . 

3 A={1, 2, 3}, B={ 3, C={4, 5, 6}

(i) A´ (BÇC) (ii) (A´B) Ç (A´ C)

(iii) A´ (BÈC) (iv) (A´B)È (A ´ C)

(i) BÇC={4},

A´ (BÇC)={(1, 4), (2, 4), (3, 4)}

(ii) A´ B={(1, 3), (1, 4), (2, 3), (2, 4), (3, 3), (3, 4)}

A´ C={(1, 4), (1, 5), (1, 6), (2, 4), (2, 5), (2, 6), (3, 4), (3, 5), (3, 6)}

(A´ B) Ç (A´ C)={(1, 4), (2, 4), (3, 4)}

(iii) BÈC ={3, 4, 5, 6}, 

A´ (BÈC)={(1, 3), (1, 4), (1, 5), (1, 6), (2, 3), (2, 4), (2, 5),

(2, 6), (3, 3), (3, 4), (3, 5), (3, 6)}

(iv) (ii) A´ B A ´C 

(A ´ B)È (A ´ C) = {(1, 3), (1, 4), (1, 5), (1, 6), (2, 3),

       (2, 4), (2, 5), (2, 6), (3, 3), (3, 4), (3, 5), (3, 6)}

4 P={1, 2}, P´ P´ P 

 P ´ P´ P={(1, 1,1), (1, 1, 2), (1, 2, 1), (1, 2, 2), (2, 1, 1),

 (2, 1, 2), (2, 2, 2)}

5 R R´ R R´ R´ R

R´ R´ R={(x, y): x, y ÎR}

32
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R´ R´ R R ´R´ R=(x,y,z,z): x,y,z,z ÎR}

6 A´ B={(p, q), (p, r), (m, q), (m, r)}, AA B 

A= ={p, m}

B=  = {q, r}

2.1

1.
x

y x
3

1
2

3

5

3

1

3
+ -
F
HG

I
KJ =
F
HG
I
KJ, , ,  y

2. A B={3, 4, 5}, (A´ B) 

3. G={7, 8,} H={5, 4, 2}, G´ H H´ G

4.

(i) P={m, n} Q={n, m}, P´ Q={(m, n), (n, m)}.

(ii) A B A´ B (x, y)

xÎA yÎB.

(iii) A={1, 2}, B={3, 4}, A´ {BÇ f ) =f .

5. A={ - 1,1}, AA´ A´ A 

6. A´ B={(a, x), (a, y), (b, x), (b, y)}, AA B

7. A={1, 2}, B={1, 2, 3, 4}, C={5, 6} D={5, 6, 7, 8}, 

(i) A´ (BÇC) =(A´ B)Ç (A´C) (ii) A´ C, B´ D 

8. A={1,2} B={3,4}. A´ B A´ B 

9. A B n (A)=3 n (B)=2. (x,1), (y, 2), (z,1), A´ B  A  B

 (x, y z

10. A´ A (- 1, 0) (0,1)

A A´

 2.3 (Relations)

P={a,b,c} Q={ }

P Q 15 

P ´ Q={(a, ), (a, ), (a,

(c, }

(x, y x

y

P´ Q 
2.4
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2.5

  R = {(x, y) : x y xÎP, yÎQ}

R={(a, ), (b, ), (b, ) (c, )}

R arrow diagram,

2 A´B B

R A´ B 

(image) 

3 A B R 

(domain)

4 A B R R

(range) B (codomain)

Í

  (i)

(ii) (arrow diagram)

7 A= {1, 2, 3, 4, 5, 6}  A A R 

R = {(x, y) : y=x+1}

(i) 

(ii) R 

 (i) 

          R = {(1, 2), (2, 3), (3, 4), (4, 5), (5, 6)}

2.5

   (ii) 

= {1, 2, 3, 4, 5}

={2, 3, 4, 5, 6}

={1,2,3,4,5,6}

8 2-6 P Q 

(i) (ii) 

R ‘x, y ’

(i) ,

  R = {(x, y) : x, y xÎP, yÎQ}

(ii) R = {(9, 3), (9, - 3), (4, 2), (4, - 2),

      (25, 5), (25, - 5)} 2.6
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{4, 9, 25}

{- 2, 2, - 3, 3, - 5, 5}

1 P 

Q 

A  A B A´ B 

n (A) =p n (B) =q, n(A´B)=pq 2pq

9 A = {1, 2} B= {3, 4}  A B 

A´ B ={(1, 3), (1, 4), (2, 3), (2, 4)}, n (A´ B)=4, AA´ 24.

A B 24

A A R ‘A 

2.2

1. A={1, 2, 3,..., 14} A R ={(x, y) : 3x- y =0,

x, y ÎA}

2. N R = {(x, y) : y =x+5; x, 4

; x, yÎN}

3. A= {1, 2, 3, 5} B={4, 6, 9}  A B   R = {(x, y)

: x y  xÎA, yÎB}   R 

4. 2.7 P Q

(i)

(ii) 

5. A = {1, 2, 3, 4, 6}   A R 

R = {(a, b) : a, bÎA, b, a }

(i) R 

(ii) R 

(iii) R 

6. R 

R= {(x, x+5) : x Î {0, 1, 2, 3, 4, 5}}

2.7
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7. R= {(x, x3) : x, 10 }

8. A= {x, y, z} B={1, 2}   A B

9. Z R 

R= {(a, b) : a, bÎZ, a - b }

R 

2.4 (Functions)

(map mapping) 

5 f , A B f A 

B

A B f f

A f

A B f (a, b)Î f f (a)=b b f

a f b (preimage) 

A B f f : AA®B 

7 6 

8 

9 

10 N N R =

{(x,y) : y = 2x, x, y ÎN}

R =

R N N

11

(i) R = {(2,1), (3,1), (4,2)}

(ii) R = {(2, 2), (2, 4), (3, 3), (4, 4)}

(iii) R = {(1, 2), (2, 3), (3, 4), (4, 5), (5, 6), (6, 7)}

(i) 2, 3, 4 R (unique)

R

36
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(ii) 2 2 4 

(iii)

6 R

(real valued function) R 

(real function) 

12 N f : N®N

f (x) = 2x+1.

x 1 2 3 4 5 6 7

y f (1)=... f (2)=... f (3)=... f (4)=... f (5)=... f (6)=... f (7) =...

x 1  2  3  4   5   6   7

y f (1)= 3 f (2)= 5 f (3)= 7 f (4)= 9 f (5)= 111 f (6)= 13 f (7)= 15

2.4.1 (Some functions and their graphs)

(i) (Identity function) R f : R®

y = f (x) = x, x Î

f 2.8 

(Constant function) f : R®

 y = f (x)=c, xÎ c

xÎ f R

{c}.

2.8
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2.9

Y

x

f (x) =3 xÎR, 2.9 

(iii) (Polynomial function) f :

R®R

x y= f (x)= a +a +x+a
2
x2+......+a

n
xn,

n a
0
, a

1
, a

2
,......,

a
n
ÎR

f (x)=x3 - x2+2 g(x)=x4+ 2 x
h (x) =

x
2

3 +2x h

13 f : R®R

y= f (x)=x2, xÎ

f

 x - 4       - 3       - 2     - 1     0         1         2       3  4

 y= f (x)=x2

  x - 4 - 3 - 2 - 1 0 1 2 3 4

 y= f (x)=x2    16  9  4 1 0 1 4 9  16

f ={x : xÎR} f ={x : x ³  0, xÎR} 2.10 f

2.10
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2.11

2.12

14 f (x)=x3, xÎR f R ®R

f (0)=0, f (1)=1, f ( - 1)= - 1, f (2)=8,

f ( - 2)=- 8, f (3)=27, f ( - 3)=-

f ={(x, x3) : xÎR}

2.11 f

(iv)
f x

g x

( )

( )
(Rational  func-

tions) f (x) g (x)

x g (x) ¹ 0

15 f :R-{0}®R f (x)
1

x

xÎR- {0}

x - 2     - 1.5     - 1  - 0.5  0.25         0.5        1      1.5     2

y =
1

x
      ...        .  ..  ...           ...  ...          ...     ...      ...  ...

x - 2     - 1.5     - 1 - 0.5 0.25       0.5        1     1.5    2

y = 
1

x
- 0.5 - 0.67     - 1  - 2  4          2  1  0.67  0.5

0 0 

2.12 f
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(v) (The Modulus function)

x f (x)= x

R® x

f (x), x x

f (x) x

f x
x x

x x
( )

,

,
=

³

- <

RST
0

0

2.13

(vi) (Signum function)

f x( )

,

=

R
S|
T|

1

f : R®R

R {- 1,0,1} 2.14

(vii) (Greatest Integer function) :

f (x) = [x], xÎ f : R®R

x

[x]

x x

x x

x x

x x

= - - £ <

= £ <

= £ <

= £ <

1 1 0

1

2

3

,  

  0,  0

  1,  1

  2,  2

2.15 

2.13

2.14

f x
x

x
x( )  = ¹ 0 0 0, x =

2.15
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2.4.2 (Algebra of real functions)

(i) (Addition of two real functions) f : X®R g: X®R

xÌ  ( f g) : X®R  ( f g) (x) = f (x)+g (x), xÎR.

(ii) (Subtraction of a real function from another) f :

X® g: X®R XÌ  ( f - g) : X®R

( f - g) (x)= f (x) - g(x), xÎ

(iii) (Multiplication of a real function by a scalar) f : X ®R

a

a f X

(a f ) (x) =a f (x), xÎX.

(iv) (Multiplication of two real functions) f : X®R g :

X®R f x R

( f g) (x) = f (x) g (x), xÎX

(pointwise multiplication)

(v) (Quotient of two real functions) f g, X R

XÌ g f
f

g

f

g

F
HG
I
KJ (x) =

f x

g x

( )

( )
, g x x( ) ,¹ Î0 X

16 f (x)= x2 g (x)= 2x+1 

( f +g) (x), ( f - g) (x), ( f g) (x), 
f

x
F
HG
I
KJ  ( )

g

                  = x2 + 2x + 1,  ( f - g) (x) = x2 - 2x - 1,

( f g) (x) = x2(2x+1) =2x3 +x2, 
f

g
x

x

x
x

F
HG
I
KJ =

+
¹ -( ) ,

2
1
22 1

17 f (x)= x g (x) = x ( f +g) (x),

( f - g) (x), ( f g) (x) 
f

g
x

F
HG
I
KJ  ( )

( ) ) , ) ,f g x x x f g x x x+ = + - = - (  (  ( )

( ) ( )fg x x x x= =
3

2
f

g
x

x

x
x x

F
HG
I
KJ = = ¹

-

 ( )  
1

2 0,

( f + g) (x)
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f (x) = x+10

2.16

2.3

1.

(i) {(2, 1), (5, 1), (8, 1), (11, 1), (14, 1), (17, 1)}

(ii) {(2, 1), (4, 2), (6, 3), (8, 4), (10, 5), (12, 6), (14, 7)}

(iii) {(1, 3), (1, 5), (2, 5)}

2.

(i) f (x) = - x        (ii) f x x( ) = -9 2

3. f (x)=2x-5

(i) f (0), (ii) f (7), (iii) f (- 3) 

4. t (C) =
9

5

C
+ 32

(i) t (0), (ii) t (28), (iii) t ( - 10) 

(iv) t (C) = 212  C 

5.

(i) f (x) = 2- 3x, xÎR, x > 0

(ii) f (x) = x2 +2, x

(iii) f (x) = x, x

18 R f (x)=x+10 

f : R®

f (0)=10, f (1)=11, f (2)=12,..., f (10)=20, 

f (- 1)=9, f (- 2)=8,....., f ( - 10)=0,

f (x)=m x+c, xÎR f

(linear function) m c

42
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19  Q Q

R = {(a, b) : a, b ÎQ a- b ÎZ} 

(i) (a, a) ÎR, aÎQ

(ii) (a, b) ÎR, (b, a)ÎR 

(iii) (a, b) ÎR, (b, c)ÎR (a, c)Î

(i) a - a =0 ÎZ (a, a)Î R

(ii) (a, b)ÎR a- bÎZ b- aÎZ  (b, a)ÎR.

(iii) (a, b) (b,c)ÎR a- bÎZ, b-cÎZ a- c = (a- b) + (b- c)ÎZ

(a, c) ÎR

20 Z Z f = {(1, 1), (2, 3), (0, - 1), (- 1, - 3)} 

f (x) 

f f (x)=mx+c (1, 1), (0, - 1) ÎR,

f (1)=m+c=1 f (0)= c= - 1 m=2 f (x)=2x - 1.

21 f x
x x

x x
( ) =

+ +

-

2

+ 4

3 5

52

x2 - 5x+4 = (x- 4) (x- 1), x=4 x=1

f f R- {1, 4}

22 f

f x

x,  x < 0

,       x = 0

x +  x > 0

( )

,

=

-R
S|
T|

1

1

1

f (x) 

f (x) = 1 - x, x<0

f ( - 4) = 1-  ( - 4) =5.

f ( - 3) = 1-  ( - 3) =4.

f ( - 2) = 1-  ( - 2) =3.

f ( - 1) = 1 -  ( - 1) =2. 

f (x) = x+1, x>0.

f (1) = 2, f (2) = 3, f (3) = 4, f (4) = 5  

2.17 f

2.17
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1. f f x
x  x

x, x
( )

,
=

£ £

£ £

RST
2

3 10

0 3

3

g g x
x  x

x, x
( )

,
=

£ £

£ £

RST
2 2

3 2 10

0

f g

2. f (x) = x2,
f f( . ) ( )

( . )

11 1

11 1

-

-

3. f x
x x+

x x
( ) =

+

-

2 2 1

82 +12

4. f (x) = ( )x -1 f

5. f (x) = x-1 f

6. R f x
x

x
x= ,  

1+
 : 

2

2

F
HG

I
KJ Î

RST
UVW

R f

7. f (x) = x+1, g(x) =2x- 3 f , g : R®R f + g, f - g

f

g

8. f (x) = ax+b, (a, b f ={(1, 1), (2, 3),

(0, - 1), (- 1, - 3)} Z Z a, b

9. R = {(a, b) : a, b ÎN a=b2} N N

(i) aÎN (a, a) ÎR (ii) (a, b) ÎR (b, a) ÎR 

(iii) (a, b) ÎR, (b, c) Î (a, c) ÎR 

10. A = {1, 2, 3, 4}, B= {1, 5, 9, 11, 15, 16} f ={(1, 5), (2, 9), (3, 1), (4, 5), (2, 11)}

(i) A B f

(ii) A B f
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11. f ={(ab, a+b) : a, b ÎZ} f Z × Z Z Z f

12. A= {9, 10, 11, 12, 13} f : AA®N f (n)= n

f

u

u A B A ´ B 

A×B = {(a, b) : a ÎA, bÎB}

R´ R = {(x, y) : x,yÎR}

R´ R´ R = {( x, y, z) : x, y, zÎR}

u (a, b) = (x, y), a=x b=y

u n (A) = p n (B) = q, n(A´ B) = pq

u A ´ f = f

u A´ B ¹ B´ A

u A´B x y

A´ B A B R 

u R x y , (x, y)ÎR.

u R R 

u

u A B f A 

x y B 

u A B 

u

u

u f : X® g : X®R

   ( f +g) (x) = f (x) + g (x), xÎX

   ( f - g) (x) = f (x)- g (x), xÎX

 ( f .g) (x) = f (x) . g (x), x ÎX
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 (k f ) (x) =k f (x),  xÎX, k

f

g
x

f x

g x
x X g x

F
HG
I
KJ = Î ¹ ( )

( )

( )
, , ( ) 0

(Gottfried Wilhelm Leibnitz, 1646-1716) 

(Methodus tangentium inversa, seu de functionibus) FUNCTION 

mathematical job’

employee’ 

1698 5 

function’ 

1779  Chambers’ Cyclopaedia function ‘The term

function is used in algebra, for an analytical expression anyway compounded of a variable quantity, and

of numbers, or constant quantities.’

v
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