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(Well defined) (1845-1918

)

(relation)

1624 (Function)



2

(onto)

(bijection)

(onto) (into)

|x|, [x]

(greatest integer function)
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15.1

(i)

(ii)

(iii)

(iv)

(i) 180

(ii)

(iii)

(iv) 80%

180

80%

(Capital Letter)

A

N

W

Z I

Z+

Z–

Q

R

C
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N 2

–2 2 N

–2 N

15.2

15.2.1 (i) (Tabular form)

(vowel) V

V = {a, e, i, o, u}

(ii) 7 A

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

Mathematics A

A = {m, a, t, h, e, i, c, s}

15.2.2 (Set-builder form)

(vowel) V V

V = {x : x }

(ii) 7 A

A = {x : x N 1 x < 7}

‘:’ (such as)

15.1 :

(a) A = {–3, –2, –1, 0, 1, 2, 3} (b) B = {3, 6, 9, 12}

(a) A = {x : x Z –3 x  3}

(b) B = {x : x = 3n  n N, n 4}

15.2 :

(a) C = {x : x N 50 x 60}

(b) D = {x : x R x2–5x+6=0}
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(a) C = {50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60}

(b) x2 – 5x + 6 = 0

(x–3) (x–2) = 0

x = 3, 2

D = {2, 3}

15.3

15.3.1

A B

A = {x : x }

B = {x : x }

A B A

(Infinite set) B (Finite set)

15.3.2 (Empty Or Null set)

A = {x : x R x2+1 = 0}

B = {x : x 7 5 }

A –1 A

7 5

{ }

15.3.3 (Singleton set)

A = {x : x }

2 A

(Singleton set) A = {2}

15.3.4 (equal and equivalent sets) :
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(i) A = {1, 2, 3}, B = {2, 1, 3} (ii) D = {1, 2, 3}, E = {a, b, c}

(i) A B

A = B

(ii) D E

A B

A B

15.3.5 (Disjoint sets) :

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

15.3

A = {2, 4} B = {x : x x2 + 6x + 8 = 0 }

A B

x2 + 6x + 8 = 0 x = –4, –2

B = {–4, –2} A = {2, 4}

A B A B

15.4 A = {x : x }

B = {y : y N y 5}

(i) A = B (ii) A B

A = {a, e, i, o, u}, B = {1, 2, 3, 4, 5}

A  B A B

15.5

A = {x : x }

B = {y : y N y 50}

A B

A 50

B

15.6

A = {x : x x2 – 1 = 0}

B = {x : x Z –2 x 2}



7

x2 – 1 = 0 A

x2 – 1 = 0 x = 1 1

A

B = {–2, –1, 0, 1, 2} B 5 B

15.7

A = {x : x Z x – 2 = 0}, B = {y : y R y2 –2 = 0}

A x – 2 = 0

x –2 = 0 x = 2

A = {2} A

y2 – 2 = 0 A

y2–2 = 0 y2 = 2 y 2

B = 2 2, B

15.1

1.

(i)

(ii) 50

(iii)

(iv)

2.

A = {1, 2, 3}

(i) 1 ........... A (ii) 4 ............A

3.

(i) A = {x : x Z  –5 x 0}

(ii) B = {x : x R x2 – 1 = 0}

(iii) C = {x : x banana }

(iv) D = {x : x 60 }

4.

(i) A = {2, 4, 6, 8, 10} (ii) B = {3, 6, 9, ..., }

(iii) C = {2, 3, 5, 7} (iv) D 2 2,

A B

5.

(i)

(ii)

(iii)

(iv)
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6.

(i) A = {x : x R x  x2 + 2 = 0 }

(ii) B = {x : x Z x x – 3 = 0 }

(iii) C = {x : x Z x x2 – 2 = 0 }

(iv) D = {x : x XI XII }

7. A B A = B A B

(i) A = {a}, B = {x : x }

(ii) A = {1, 2, 3, 4}, B = {x : x guava }

(iii) A = {x : x x2–5x+6=0 } B = {2, 3}

15.4 (Subset)

A B

B A

B A B A

D = {1, 2, 3, 4, ....}

E = {... –3, –2, –1, 0, 1, 2, 3, ...}

D E

D E

A B A B

A B

(i) A A

(ii)

(iii) A B B A A = B

(iv) A B A B A B B A

(super set) A B B A

15.8

A = {x : x 5 } B = {y : y

}, B A

A = {2, 3}, B = {2}

B A B A
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B A B A

15.9

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

1 A, 1 B A B; 5 B, 5 A B A

A B B A

15.10

A = {a, e, i, o, u} B = {e, i, o, u, a}

A B

B A

A B B A

A B A B

A B  ... (i)

B A

B A  ... (ii)

(i) (ii)

A = B

15.5 (Power Set)

A = {a, b}

A , {a}, {b} {a, b} B

B = { , {a}, {b}, {a, b}}

B A

A P(A) A

A

15.11

(i) A = {x : x R x2+7 = 0} (ii) B = {y : y N 1 y 3}

(i) A =

P(A) = { }

(ii) B B = {1, 2, 3}

B , {1}, {2}, {3}, {1, 2}, {1, 3}, {2, 3}, {1, 2, 3}

P(B) = { , {1}, {2}, {3}, {1, 2}, {1, 3}, {2, 3}, {1, 2, 3}}
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15.6 (Universal Set)

A = {x : x }

B = {y : y }

C = {z : z }

D = {a : a }

B, C, D A

A U

U

U

(i)

(ii)

15.12

X = {x : x }

Y = {y : y }

Z = {z : z }

Y Z X X

15.7

(1834-1883 )

U = {1, 2, 3, 4, 5}, A = {2, 4} B = {1, 3}

15.8

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

U

BA

2

4

1

3 5

15.1
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A B A B

A B A – B

A – B = {1, 3, 5}

B A B A

B A B – A

B – A = {6}

A B

A – B = {x : x A x B}

B – A = {x : x B x A}

A B A B

15.2 15.3

15.9

X Y Z

X = {x : x }

Y = { x : x }

Z = {x : x }

X – Y

X – Z

X – Y Y Y YC

X – Z Z Z ZC

U A A U

A A Ac

A  = U – A = {x : x U x A}

U

BA

U

BA

A–BA–B

B–A
B–A

or
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(i)

(ii) c = U (iii) Uc =

15.13

A = {x : x 10 10 }

B = {x : x 10 10 }

(i) A – B (ii) B – A (iii) A – B = B – A

A = {2, 4, 6, 8, 10}, B = {1, 3, 5, 7, 9}

(i) A – B = {2, 4, 6, 8, 10}

(ii) B – A = {1, 3, 5, 7, 9}

(iii) (i) (ii)

A – B B – A

15.14

U A

U = {x : x N x 10}

A = {y : y 10 }

(i)  Ac (ii) Ac

U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}

A = {2, 3, 5, 7}

(i) Ac = U – A = {1, 4, 6, 8, 9, 10}

(ii)

15.4

15.5

U

AC

or A′

AC

U

A

2 3

5 7

1

4

6 9

8 10
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15.2

1.

A = {1, 3, 5, 7, 9}

(i) ............. A (iii) {2, 3, 9} ............. A

(iii) 3 ............. A (iv) 10 ............. A

2.  A = {a, b}

P(A)

3. A = { , {1}, {2}, {1, 2}}

(i) {1, 2} A (ii) A

4.

(i)

(ii)

(iii)

(iv) (origin)

(ellipse)

5. A = {1, 2, 3, 4, 5} B = {5, 6, 7} (i) A – B (ii) B – A

6. N A, B, C, D

A = {x : x }

B = {x : x N x 3 }

C = {x : x N x 5}

D = {x : x N x 10}

A, B, C D

15.10 (Intersection of sets)

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

A B

A B A B

A B = {2, 4}

A B A B

A B

A B = {x : x A x B}
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A B

15.6

A B = A B

15.7

15.15

A = {x : x 52 }

B = {y : y 52 }

(i) A B (ii) A B

(i) 52 4 A 4

13 B 13 13

A B

A B = { }

(ii)

15.8

15.11

(i) A

B A B

A B

(ii) D

E 3

D E

BA

A ∩ B

BA

U

BA

A ∩ B
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3

A B A B

A B = {x : x A x B}

A B = {x : x A – B x B – A x A B}

A B

15.9 15.10

n(A B) = n(A–B) + n(B–A) + n(A B)

n(A B) = n(A) + n(B) – n(A B)

n(A B) A B

15.16

A = {x : x Z+ x 5}

B = {y : y 10 }

(i) A B (ii) A B

A = {1, 2, 3, 4, 5}, B = {2, 3, 5, 7}

A B = {1, 2, 3, 4, 5, 7}

(ii)

15.12

15.3

1.

(i) {x : x }, {y : y }

(ii) {x : x 12 }, {y : y N 3 y 5}

(iii) {x : x 52 } {y : y 52 }

(iv) {1, 2, 3, 4, 5}, {a, e, i, o, u}

U U

BA BA

A ∪ B A ∪ B

BA

A ∪ B
1

4 7
2

3

5

U
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2. A B

(i) A = {x : x z}, B = {x : x N} (ii) A = { }

B = { }

3. A = {1, 2, 3, 4, 5}, B = {5, 6, 7, 8, 9, 10}

(i) A B (ii) A B

4. A = {x : x N}, B  = {y : y Z} –10 y  0} A  B

5. A = {2, 4, 6, 8, 10}, B = {8, 10, 12, 14}, C = {14, 16, 18, 20}

(i) A (B C) (ii) A (B C)

6. U = {1, 2, 3, ..., 10}, A = {2, 4, 6, 8, 10}, B = {1, 3, 5, 7, 9, 10}

(i) (A B)  (ii) (A B)  (iii) (B )  (iv) (B–A)

7.

(i) A B B A (ii) A B A B

(iii) A B A B

8.

(i) A B A B (ii) A B A B

(iii) A B A B

9.

(i) A – B B – A A B

(ii) A – B B – A A B

(iii) A – B B – A A B

15.12

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

A B

{(1, 3), (1, 4), (1, 5), (2, 3), (2, 4), (2, 5)}

A B A B

A B = {(1, 3), (1, 4), (1, 5), (2, 3), (2, 4), (2, 5)}

B A B A

B A = {(3, 1), (3, 2), (4, 1), (4, 2), (5, 1), (5, 2)}

A B  B A
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A B = {(a, b) : a A   b B}

B A = {(b, a) : b B  a A}

A = , B = A, B = A B = B A =

15.17

(i) A = {a, b, c}, B = {d, e}, C = {a, d}

(i) A B (ii) B A (iii) A (B C) (iv) (A C) B

(v) (A B) C (vi) A (B – C)

(i) A  B = {(a, d), (a, e), (b, d), (b, e), (c, d), (c, e)}

(ii) B A = {(d, a), (d, b), (d, c), (e, a), (e, b), (e, c)}

(iii) A = {a, b, c}, B C = {a, d, e}

A (B C) = {(a, a), (a, d), (a, e), (b, a), (b, d), (b, e), (c, a), (c, d), (c, e)}

(iv) A C = {a}, B = {d, e}

(A C) B = {(a, d), (a, e)}

(v) A B = , C = (a, d), (A B) C =

(vi) A = {a, b, c}, B – C = {e}

A (B – C) = {(a, e), (b, e), (c, e)}

15.13

A = { }

B = { }

A B

R R R

R ‘R’

R

R = { }

R A B,

R = {(a, b) : a A, b B a R b}

A B A B R A B

(i) R = , R

(ii) R = A B, R

(iii) R A A A

(iv) R = {(a, a) a A},
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15.13.1 (domain) (range)

R

{ }

{ }

15.18

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

R = {(a, b) : a A, b B} a, }

(i) R (ii) R

(iii) R (iv) R

(i) R = {(2, 2), (4, 2), (6, 2), (6, 3)}

(ii) R = {2, 4, 6} (iii) R = {2, 3}

(iv)

15.19

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

(i) R (ii) R (iii) R

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

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

15.4

1. A = {4, 5, 6, 7}, B = {8, 9}, C = {10}

A (B – C) = (A B) – (A  C)

2. U A B U = {1, 2, 3, 4, 5}, A = {1,

3, 5}, B = {x : x A  B

3. A = {4, 6, 8, 10}, B = {2, 3, 4, 5}

A B R

R = {(a, b) : a A, b B a b }

BA

2

4
5

6
7

2
R

3

15.12
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(i) R  (ii) R (iii) R

4. N N R R  R = {(x, y) : 4x + y = 12, x, y N}

(i) R (ii) R (iii) R

5. N R R

R = {(x, x2) : x 15 }

(i) R (ii) R (iii) R

6. R R = {(x, y) : x2 + y2 = 0}

(i) R (ii) R (iii) R

15.13 (Function)

f : {(a, 1), (b, 2), (c, 3), (d,

5)} A

B

A B f, A

B

A B

B 4 A

(pre-image) A B 4

(i) B (ii) {1, 2, 3, 5} (range)

f : A B A B
f

15.20

A B

(a) {(1, –2), (3, 7), (4, –6), (8, 1)}, A = {1, 3, 4, 8}, B = {–2, 7, –6, 1, 2}

(b) {(1, 0), (1, –1), (2, 3), (4, 10)}, A = {1, 2, 4}, B = {0, –1, 3, 10}

(c) {(a, b), (b, c), (c, b), (d, c)}, A = {a, b, c, d, e}, B = {b, c}

(d) {(2, 4), (3, 9), (4, 16), (5, 25), (6, 36)}

A = {2, 3, 4, 5, 6}, B = {4, 9, 16, 25, 36}

(e) {(1, –1), (2, –2), (3, –3), (4, –4), (5, –5)}

A = {0, 1, 2, 3, 4, 5}, B = {–1, –2, –3, –4, –5}

(f) sin , , cos , , tan , , cot ,
6

1

2 6

3

2 6

1

3 6
3

A B

a

b

c

d

1

2

3

5

4

15.13
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A sin ,cos , tan ,cot ,
6 6 6 6

B
1

2

3

2

1

3
3 1, , , ,

(g) {(a, b), (a, 2), (b, 3), (b, 4)}, A = {a, b}, B = {b, 2, 3, 4}

(a)

= {1, 3, 4, 8}, = {–2, 7, –6, 1}

(b)

(c)

= {a, b, c, d} A, = {b, c}

(d)

= {2, 3, 4, 5, 6}, = {4, 9, 16, 25, 36}

(e)

_ e òi e = {1, 2, 3, 4, 5} A, = {–1, –2, –3, –4, –5}

(f)

sin ,cos , tan ,cot ,
6 6 6 6

1

2

3

2

1

3
3, , ,

(g)

15.21

(a) (b)

(c) (d)

A B

a

c

b

x

y

z

f

A

1

3

2

f

A

a

c

b

f

B

x

y

z

B

2

4

6

A

1

–1

2

f

B

1

4

15.14 15.15

15.16 15.17
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(a) f A b B

(b) f A c B

C

(c) f A B

(d) f A B

15.22

R R

(a) y = 3x + 2 (b) y < x + 3 (c) y = 2x2 + 1

(a) y = 3x + 2

x R y R

(b) y < x + 3

x y

(c) y = 2x2+1

x y

15.5

1.  A B

(a) {(1, –2), (3, 7), (4, –6), (8, 11)}, A = {1, 3, 4, 8}, B = {–2, 7, –6, 11}

(b) {(1, 0), (1, –1), (2, 3), (4, 10)}, A = {1, 2, 4}, B = {1, 0, –1, 3, 10}

(c) {(a, 2), (b, 3), (c, 2), (d, 3)}, A = {a, b, c, d}, B = {2, 3}

(d) {(1, 1), (1, 2), (2, 3), (–3, 4)}, A = {1, 2, –3}, B = {1, 2, 3, 4}

(e) 2
1

2
3

1

3
10

1

10
, , , ,... ,

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

2

1

3

1

4

1

11
, , , ...,

(f) {(1, 1), (–1, 1), (2, 4), (–2, 4)}, A = {0, 1, –1, 2, –2}, B = {1, 4}

2.
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(a) (b)

(c) (d)

3. R R

(a) y = 2x + 1 (b) y > x + 3 (c) y < 3x + 1 (d) y = x2 + 1

4.

(a) 2 2 5 1 3 5, , , , ,

(b) 3
1

2
2

1

2
1

1

2
, , , , ,

(c) {(1, 1), (0, 0), (2, 2), (–1, –1)}

(d) { 16 28 24 }

5.

(a) (b)

A B

a

c

b

x

y

z

A B

a

c

b

1

2

3

d

15.18 15.19

15.20 15.21

15.22 15.23

A B

a

c

b

2

3

4

5

A B

a

c

b

2

3

4

5

A B

1

3

2

4

5

6

A B

1

3

2

1

4
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(c) (d)

(e)

15.4.1

15.23

(a) y
x

1
   (b) y

x

1

2
 (c) y

x x

1

2 3( ) ( )

y
x

1

... , , ( , ), ( , ), , , ...2
1

2
1 1 1 1 2

1

2

x 0 x

0
1

0

R – {0} [0 ]

= R – {0}

(b) x 2 x 2

1

2 2

1

0

 = R – {2}

(c) y x = –2 x = 3

= R – {–2, 3}

15.24 15.25

15.26

A B

1

3

2

1

3

2

A B

7

8

9

5

6

Gagan

Ram

Salil

A B

1

4

a

b

c

d



24

15.24

(a) y x 2 (b) y x x( ) ( )2 4

(a) y x 2

y (x – 2) 0

x 2

2 2

(b) y x x( ) ( )2 4

y (2–x) (4+x) 0

- I (2–x) 0 (4+x) 0

x 2 and x  –4

x –4 x 2

- II : 2–x 0 4 + x 0

2 x x –4

2 2 –4 –4 x

= {x : –4 x 2 x R}

15.25

f(x) = y = 2x + 1 {–3, –2, –1, 0, 1, 2, 3}

x

f(–3) = 2(–3) + 1 = –5

f(–2) = 2(–2) + 1 = –3

f(–1) = 2(–1) + 1 = –1

f(0) = 2(0) + 1 = 1

f(1) = 2(1) + 1 = 3

f(2) = 2(2) + 1 = 5

f(3) = 2(3) + 1 = 7

{(–3, –5), (–2, –3), (–1, –1), (0, 1), (1, 3), (2, 5), (3, 7)}

= {–5, –3, –1, 1, 3, 5, 7}
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15.26

f(x) = x+3, 0 x 4

0 x 4

0 + 3 x + 3 4 + 3

3 f(x) 7

= {f(x) : 3 f(x) 7}

15.27

f(x) = x2, –3 x 3

–3 x 3

0  x2 9 0 f(x) 9

= {f(x) : 0 f(x) 9}

15.6

1. x R.

(a) (i) y = 2x (ii) y = 9x + 3 (iii) y = x2 + 5

(b) (i) y
x

1

3 1
(ii) y

x x

1

4 1 5( ) ( )

(iii) y
x x

1

3 5( ) ( )
(iv) y

x x

1

3 5( ) ( )

(c) (i) y x6 (ii) y x7

(iii) y x3 5

(d) (i) y x x( ) ( )3 5 (ii) y x x( ) ( )3 5

(iii) y
x x

1

3 7( ) ( )
(iv) y

x x

1

3 7( ) ( )

2.

(a) (i) f(x) = 3x + 10, x {1, 5, 7, –1, –2}

(ii) f(x) = 2x2 + 1, x {–3, 2, 4, 0}

(iii) f(x) = x2 – x + 2, x {1, 2, 3, 4, 5}

(b) (i) f(x) = x–2, 0 x 4 (ii) f(x) = 3x + 4, –1 x 2

(c) (i) f(x) = x2, –5 x 5 (ii) f(x) = 2x, –3 x 3
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(iii) f(x) = x2 + 1, –2 x 2 (iv) f x x x( ) , 0 25

(d) (i) f(x) = x + 5, x R (ii) f(x) = 2x – 3, x R

(iii) f(x) = x3, x R (iv) f x
x

x x( ) , { : }
1

0

(v) f x
x

x x( ) , { : }
1

2
1 (vi) f x

x
x x( ) , { : }

1

3 2
0

(vii) f x
x

x x( ) , { : }
2

0  (viii) f x
x

x
x x( ) , { : }

5
5

15.15

A B f B A

B f

A B (onto mapping)

A B (into mapping)

A B

{A, B, C}

{1, 2, 3, 4}

{1, 2, 3}

A B

(many-one function)

A

C

B

1

3

2

4

A

C

B

1

3

2

4

15.27

15.28
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{A, B, C}

{1, 2, 3, 4}

{1, 4}

(one-to one) (on to) (bijective

function)

15.29 {A, B, C} {1, 2, 3, 4}

15.30 {A, B, C} {1, 2, 3}

15.31 {A, B, C} {1, 2, 3, 4}

15.32 {A, B, C} {1, 2}

15.28

f(x) = 4 + 3x F : R R

f(x
1
) = f(x

2
) x

1
 = x

2
x

1
, x

2

A

C

B

1

3

2

4

A

C

B

1

3

2

A

C

B

1

3

2

4

A

C

B

1

2

A

C

B

1

3

2

4

15.29 15.30

15.31 15.32

15.33



28

f(x
1
) = f(x

2
)

4+3x
1
 = 4+3x

2
x

1
 = x

2

F

15.29

f(x) = 4x3 – 5 F : R R

f(x
1
) = f(x

2
) x

1
, x

2

4 5 4 51

3

2

3

1

3

2

3x x x x

x x x x x x x x1
3

2
3

2 1 1
2

1 2 2
20 0( )

x
1
 = x

2

x x x x1
2

1 2 2
2 0 x

2
x

1

F

y = (x) y x

y = 4x3 – 5 x
y 5

4

1

3

y f(x) = y

F

F

15.30

F(x) = x2 + 3 F : R R

F(x
1
) = F(x

2
) x

1
, x

2

x x x x1
2

2
2

1
2

2
23 3

x x x x1
2

2
2

1 20 x
1
 = –x

2

F

y = F(x) y x

y x x y2 3 3

 y < 3 x

F
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15.13

y = x2

y = x2

x 0 1 –1 2 –2 3 –3 4 –4

y 0 1 1 4 4 9 9 16 16

x y

x2+y2=25

x2 + y2 = 25

x 0 0 3 3 4 4 5 –5 –3 –3 –4 –4

y 5 –5 4 –4 3 –3 0 0 4 –4 3 –3

y

x′

y′

x–3–4 –2 –1 21 3 4

(–1, 1) (1, 1)

(2, 4)(–2, 4)

(–4, 16)

(–3, 9)

(4, 16)

(3, 9)

–3–5 –2 –1–4 31 542

–3

–5

–2
–1

–4

3

1

5
4

2

(0, –5)

(3, –4)

(–4, –3)

(–3, -4)

(4, –3)

(–5, 0)

(–4, 3)

(–3, 4)

(4, 3)

(3, 4)

(0, 5)

(5, 0)

y

y′

15.34

15.35
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x y

15.7

1. (i)

(ii)

2.

(a)

(b) f(x) = x2 f : N N

N

(c) f(x) = x f : N N

A B

1

2

3

4

2

6

10

15.36

15.37

15.38
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3. f : R R

(a) f(x) = 115x + 49 (b) f(x) = |x|

4.

(a) f : {20, 21, 22} {40, 42, 44}, f(x) = 2x

(b) f(x) = 10 f : {7, 8, 9} {10}

(c) f(x) = x3 f : I R

(d) f(x) = 2+x
4

f : R  R

(e) f(x) = x2 + 2x f : N N

5.

(a) f(x) = x2 + 1 f : {–2, –1, 1, 2} {2, 5}

(b) f(x) = 1 f : {0, 1, 2} {1}

(c)

(d) f(x) = 5x + 7 f : N N

6.

(a) y = 3x2 (b) y = –x2 (c) y = x2 – 2

(d) y = 5 – x2 (e) y = 2x2 + 1 (f) y = 1 – 2x2

7.

(a) (b) y

x′

y′

x

y

x′

y′

x

A

a

b

c

d

B

1

2

3

4

15.39

15.40 15.41
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(c) (d)

(e)

y-

15.17

15.17.1 (Monotonic Function)

F : A B (a, b)

(a, b)

(a, b)

x
1
 < x

2
F(x

1
) <  F(x

2
) x

1
x

2
(a, b)

(a, b)

x
1
 < x

2
F(x

1
) > F(x

2
) x

1
x

2
(a, b)

(a, b) x
1
 < x

2
F(x

1
) > F(x

2
)  x

1
x

2
(a, b)

x
1
 < x

2
 = F (x

1
) < F(x

2
)  x

1
 x

2

(a, b)

F(x) = x2 F : R R x
1
, x

2
[0, ]

x
1
 < x

2
F(x

1
) < F(x

2
)

[0, ] F

[ ]

y

x′

y′

x

y

x′

y′

x

y

x′

y′

x

15.42 15.43

15.44
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x
1
, x

2
(– , 0)

x
1
 < x

2
F(x

1
) > F(x

2
)

[– , 0] F

[ ]

R (– , 0)

(0, )

f(x) = x3 F : R R

x
1
 x

2

x
1
 < x

2
F(x

1
) < F(x

2
)

R

15.17.2 (Even Function)

x

F(–x) = F(x)

(i) F(x) = x2 F(–x) = (–x)2 = x2 = F(x)

(ii) F(x) = cos x F(–x) = cos (–x) = cos x = F(x)

(iii)

y- (symmetric)

15.7.3 (Odd Function) :

x

f(–x) = –f(x)

15.45
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(i) f(x) = x3

f (–x) = (–x)3 = –x3 = –f(x)

(ii) f(x) = sin x

f (–x) = sin (–x) = –sin x = –f(x)

y = x 15.46

15.17.4 (Greatest integer function)

f(x) = [x] x

f(x)

16.47

y = [x], x R

[x] = 1, 1 x < 2

[x] = 2, 2 x < 3

[x] = 3, 3 x < 4

[x] = 0, 0 x < 1

[x] = –1, –1 x < –0

[x] = –2, –2 x < –1

15.17.5 (Polynomial function) :

(i) f(x) = 3x2 – 4x – 2

(ii) f(x) = x3 – 5x2 – x + 5

(iii) f(x) = 3

f(x) = k k

y

y1

x1

(x, y)

x

y

3

2

1

x′
–3 –2 –1 1 2 3 4

–1

–2

x

y′

15.46

(–x, –y)

15.47
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15.17.6. (Rational function)

f x
g x

h x
( )

( )

( )
, h(x) 0 g(x) h(x)

f x
x

x
x( ) ,

2 4

1
1

15.17.7 (Reciprocal function)

y
x

x
1

0, ,

15.17.8 (Exponential function)

e

e
n

1
1

1

1

2

1

3

1
... ... ... (1)

e e

(transcendental) 2 3

1
1 2 3

2 3x x x x

n

n

... ... ... (2)

ex

e
x x x x

n

x
n

1
1 2 3

2 3

... ... ... (3)

(2) x = 1 (1)

f(x) = ex x

y = ex

(i) x y x y

0

(ii) ex 0 x- x-

(iii) y- 1, e0 = 1 e 0

(iv) ex
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x –3 –2 –1 0 1 2 3

y=ex 0.04 0.13 0.36 1.00 2.71 7.38 20.08

e a

f(x) = ax, a > 0, a  1

a = 2 a = 3

y = 2x 15.49

y = 3x 15.50

x
5321O 4

y = ex

Y

6

5

4

3

2

1

–3 –2 –1
–1

–2

–3

Y

6

5

4

3

2

1

–3 –2 –1 1 2 3 4 5O
x

y =2x

–1

–2

15.48

15.49



37

15.17.9 (Logarithmic function)

y = ex

x = log
e
y

y = log
e
x y = ex

e

log
e
x log x

y = ex y = log x

y = x

y = ex y = x

y = log x

(i)

a > 0 m n

am an = am+n

am an = am–n

Y

6

5

4

3

2

1

–3 –2 –1 1 2 3 4 5O
X

–1

–2

–3

15.50

15.52

15.51

Y

6

5

4

3

2

1

–3 –2 –1 1 2 3 4 5O
X

–1

–2

–3

6

y = 3x
y = 3x

y = ex

y = 2x

Y

6

5

4

3

2

1

–3 –2 –1 1 2 3 4 5O
X

–1

–2

–3

y = 3x
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(am)n = amn

a0 = 1

(ii)

log
a
(mn) = log

a
m + log

a
n

log log loga a a

m

n
m n

log
a
mn = n log

a
m

log
log

log
b

a

a

m
m

b
 log

b
m = log

a
m log

b
a

a, b > 0, a  1, b 1

15.8

1. ( )

(i)  f(x) = 2x4 + 7x2 + 9x

(ii)  y-

(iii) f x x x x( )

1

2 3 5

(iv) f x
x

x
( )

3

3
x R

(v) f x( )
5

3

(vi) f x
x

( )
1

0

(vii)

2.

(a) f x
x

x
( )

2 1

1
(b) f x

x

x
( )

2

25
(c) f x

x
( )

1

52

(d) f x
x

( )
2
3 (e) f x

x

x
( )

2 1
(f) f x

x
( )

5

5

(g) f x
x

x
( )

3

3
(h) f(x) = x–x3
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3. y = [x]–2

4.

(a) y = 3x8 – 5x7 + 8x5 (b) y
x x

x x

2

3

2

2 3
x3 – 2x + 3 0

(c) y
x

x
3

0
2

, (d) y
x

x
x3

2 1
0,

(e) y
x

x1
1

0, (f) y
x x

x
x

2 5 6

2
2,

(g) y
1

9

15.18

y = 2x + 1, x {1, 2, 3}

z = y + 1, y {3, 5, 7}

z x y y z x y

g f (gof ) f g

f : A B g : B  C gof : A C

f(x) = 3x + 1 g(x) = x2 + 2

fog(x) = f(g(x))

= f(x2+2)

= 3(x2+2) + 1 = 3x2 + 7

(gof) (x) = g(f(x))

15.53

1

2

3

3

5

7

4

6

8

f (x) = y = 2x + 1 g (y) = z = y = +1

gof
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= g(3x+1)

= (3x+1)2+2 = 9x2 + 6x + 3

(i) (ii)

fog = gof

fog gof

(fof) (x) = f(f(x)) = f(3x+1) [ f ]

= 3(3x+1) + 1

= 9x+3+1 = 9x+4

(gog)(x) = g(g(x)) = g(x2+2) [ g ]

= (x2+2)2 + 2

= x4 + 4x2 + 4 + 2

= x4 + 4x2 + 6

15.31 f x x( ) 1 g(x) = x2 + 2 fog gof

fog(x) = f(g(x))

= f(x2+2)

x x2 22 1 3

(gof)(x) = g(f(x))

g x2 1

x2
2

1 2

= x + 1 + 2

= x + 3

(fog) gof

15.32

f(x) = x3, f : R R

g x
x

g R R( ) , : { } { }
1

0 0 fog gof

(fog) (x) = f(g(x))
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f
x x x

1 1 1
3

3

(gof) (x) = g(f(x))

g x
x

( )3

3

1

fog = gof

15.31 15.32 fog gof

15.9

1. fog, gof, fof gog

f x x g x
x

x( ) , ( ) ,2 2 1
1

1
1

2. fog, gof, fof gog

(a) f(x) = x2–4, g(x)=2x+5

(b) f(x) = x2, g(x) = 3

(c) f(x) = 3x – 7, g x
x

( ) ,
2

 x 0

3. f(x) = |x|, g(x) = [x] fog gof

4. f(x) = x2+3, g(x) = x–2 fog gof f f g f
3

2

3

2

5. f(x) = x2, g x x( ) fog = gof

6. f(x) = |x|, g x x h x
x

x( ) ( ) , ( ) ;

1

3
1

0

(a) fog (b) goh (c) foh (d) hog (e) fogoh

(fogoh) (x) = f(g(h(x))) f g
x

1

15.18

(A)
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(B)

1

2

3

4

BA

1

1

2

3

4

B A

1

1

2

3

4

5

6

1

BA

1

2

3

4

5

6

f–1

B A

15.57

15.56

15.55

15.54



43

(C)

B 6 A

B 5,

(D)

15.61 B 7 A

1

2

3

4

5

6

f

BA

1

5

6

4

7

f

BA

1

2

3

4

5

6

f–1

B A

BA

2

3

1

5

6

4

2

3

f–1

7

15.58

15.59

15.60

15.61
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15.10

1. (i) y = 4x – 7

(ii) f A B

2.

(a) f(x) = x + 3 x R (b) f(x) = 1–3x x R

(c) f(x) = x2 x R (d) f x
x

x
x x R( ) , ,

1
0

A B A B

A B A–B A

B

A A

Ac = U – A

A B A B

A B

A  B = {(a, b) : a A b B}
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A B A B

R A B = {(a, b) : a A b B a R b}

f : A B A B A

B

A B f

f

f

y = f(x) x

y

y-

A B f

f : A B

(i) B A

f (into)

(ii)

(iii) A B

(iv)

x

f(x) = f(–x) f(–x) = –f(x), x, –x

D
f
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A B

A B

15.62

15.63

http://www.wikipedia.org

http://mathworld.wolfram.com

1. (i) {1, 2, 3} = {1, {2}, 3} (ii) {1, 2, 3} = {3, 1, 2}

(iii) {a, e, o} = {a, b, c} (iv) { } = { }

2.

(i) A = {1, 2, 3, 4, 5}

B = {5, 6, 7, 8, 9}

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

B = {2, 6, 8, 10, 12}

3.

(i) (A B) , A B

(ii) (A B) , A B

(iii) (A–B) , A B

4. U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}, A = {2, 4, 6, 8},

B = {1, 3, 5, 7}.

(i) (A B)  = A  B  (ii) (A B)  = A  B

(iii) (A – B) (B – A) = (A B) – (A B)

5. U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10},

A = {1, 3, 5, 7, 9}, B = {2, 4, 6, 8, 10},

C = {1, 2, 3}
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(i) A (B – C) (ii) A (B C)

(iii) A  (B C) (iv) (A B)  C

6.

(i) (ii)

(iii) (iv)

7.

(i) A (B C) (ii) A  (C–B)

A, B, C U

8. A = {a, b, c}, B = {2, 3}

A B

9. A = {7, 8, 9}, B = {9, 10, 11}, C = {11, 12}

(i) A (B C) = (A B) (A C)

(ii) A (B C) = (A B) (A C)

10. x R

(a) y
x

x
x

2 3

4 5

4

5
, (b) y

x
x

3
0, (c) y

x
x

3

16
4 4

2
, ,

(d) y x x1 1, (e) y
x

1

12 (f) x2 + y2 = 25

11.

f
1
 : {(0, 1), (2, 3), (4, 5), (6, 7), ... (100, 101)}

f
2
 : {(–2, 4), (–4, 16), (–6, 36), ... }

f
3
 : ( , ), , , , , , ,...1 1

1

2
1

1

3
1

1

4
1

f
4
 : {..., (3, 0), (–1, 2), (4, –1)}

f
5
 : {..., (–3, 3), (–2, 2), (–1, 1), (0, 0), (1, 1), (2, 2), ...}

A B C

U

A B

C

A B

C

A B

C

U

U

15.64 15.65

15.6715.66
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12.

(a) f(x) = x3 (b) f x
x

( )
1

12

(c) f x x( ) 3 1 (d) f x
x x

( )
( ) ( )

1

1 6

(e) f x
x x

( )
( ) ( )

1

1 2 5

13.

(a) y = 3x+2, x R (b) y
x

x R
1

2
2, { }

(c) y
x

x
x

1

1
0 2 3 5 7 9, { , , , , , }

(d) y
x

x R
2

,

14.

(a) y = x2 + 3, x R (b) y
x

x R=
-

1

2
2, { }

(c) y
x

x
x

1

1
0 2 3 5 7 9, { , , , , , } (d) y

x
x R

2
,

15.

(a) (b)

(c) (d)

15.68 15.69

15.7115.70

y

x′ x

y′

y

x′ x

y′

OO

y

x′ x

y′

O

y

x′ x

y′

O
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(e) (f)

(g) (h)

16.

(a) y = 3x+5, x R (b) y = 1–2x2, x R

(c) f : {(1, 2), (2, 2), (3, 2), (4, 2)}

(d) f : {1, 2, 3} {4, 5, 6, 8} f(1) = 4, f(2) = 6, f(3) = 8

17.

(a) f x
x

x
x R( ) , { }

2 3

2
2 (b) f x

x

x
x R( ) ,

(c) f x
x

x x
x R( ) , { }

2

4 4
2

2
 (d) y = x, x R

18.

(a) f x x x( ) 2 3 2 (b) f(x) = (x+2)2

(c) f(x) = 3 – x + 2x3 – x4 (d) f x x x x( ) ,5 0

(e) f x x x( ) , ( , )2 4 2 2

19.

(a) f x x x( ) , [ , ],9 3 32 (b) f x
x

x
( )

2

2

1

1

15.72

y

x′ x

y′

O

15.73

15.74 15.75

y

x′ x

y′

O

y

x′
x

y′

O

y

x′
x

y′

O
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(c) f(x) = |x| (d) f(x) = x–x5

(e) (f)

(g)

20. fog, gof, fof, gog

(a) f(x) = x3, g(x) = 4x – 1

(b) f x
x

x( ) , ,
1

0
2 g(x) = x2 – 2x + 3

(c) f x x( ) 2 4 , x 4 g(x) = x – 4

(d) f(x) = x2–1, g(x) = x2+1

21. (a) f(x) = |x|, g(x)
1

x
, x 0, h(x) =

x
1

3  fogoh

(b) f(x) = x2 + 3, g(x) = 2x2 + 1

fog (3) gof (3)

22.

(a) f(x) = |x| (b) f x x x( ) , 0

(c) f(x) = x2–1, x  0 (d) f x
x

( )
3 5

4

(e) f x
x

x
x( ) ,

3 1

1
1

15.76 15.77

15.78

y

x′
x

y′

O

y

x′
x

y′

O

y

x′
x

y′

O
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15.1

1. (i), (ii), (iii)

2. (i) (ii)

3. (i) A = {–5, –4, –3, –2, –1, 0}

(ii) B = {–1, 1},  (iii) C = {a, b, n}

(iv) D = {2, 3, 5}

4. (i) A = {x : x 10 }

(ii) B = {x : x N x 3 }

(iii) C = {x : x 10 }

(iv) D = {x : x R x x2 – 2 = 0 }

5. (i) (ii) (iii) (iv)

6. (i) (ii) (iii) (iv)

7. (i) A B (ii) A B (iii) A = B

15.2

1. (i) (ii) (iii) (iv)

2. 4,

3. (i) (ii)

4. (i) (ii) (iii) (iv)

5. (i) {1, 2, 3, 4} (ii) {6, 7}

6. Ac = {x : x }

Bc = {x : x N x 3 }

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

Dc = {11, 12, 13, ...}



52

15.3

1. (i) (ii) (iii) (iv)

2. (i) {x : x N} (ii)

3. (i) {1, 2, 3, 4, 5, 6, 7, 8, 9, 10} (ii) {5}

4. {–10, –9, –8, ..., 0, 1, 2, 3, ...}

{x : x z –10 x }

5. (i) {x : x 20 }

(ii)

6. (i) (ii) {1, 2, 3, 4, 5, 6, 7, 8, 9}

(iii) {1, 3, 5, 7, 9, 10} (iv) {2, 4, 6, 8, 10}

7. (i) (ii)

(iii)

8. (i) (ii)

(iii)

15.81

15.8015.79

15.82 15.83

15.84

U

BA

U

A

BA

U

B

U

BA

U

BA

U

A B
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9. (i)

A – B = B – A

(ii)

 A – B = A B – A = B

(iii) (ii)

A – B = B – A =

15.4

2. {(2, 1), (4, 1), (2, 4), (4, 4)}

3. (i) R = {(4, 2), (4, 4), (6, 2), (6, 3), (8, 2), (8, 4), (10, 2), (10, 5)}

(ii) R = {4, 6, 8, 10} (iii) R = {2, 3, 4, 5}

4. (i) R = {(1, 8), (2, 4)} (ii) R = {1, 2}

(iii) R = {1, 2} {8, 4}

5. (i) R = {(2, 4), (3, 9), (5, 25), (7, 49), (11, 121), (13, 169)}

R = {2, 3, 5, 7, 11, 13}, R = {4, 9, 25, 49, 121, 169}

6. (i) R = (ii) R = (iii) R =

15.85

15.86

15.87

U

BA

U

BA

U

BA

U

A B

U

A B

U

A B
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15.5

1. (a), (c), (f) 2.(a), (b) 3.(a), (d)

4. (a) 2 5 3, , , = {2, –1, 5}

(b) = {–3, –2, –1},
1

2

(c) = {1, 0, 2, –1}, = {1, 0, 2, –1}

(d) { }, {16, 28, 24}

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

(b) = {1, 2, 3}, = {4}

(c) = {1, 2, 3}, = {1, 2, 3}

(d) = { }, = {8, 9, 5}

(e) = {a, b, c, d}, = {2, 4}

15.6

1. (a) (i) (ii)

(iii)

(b) (i) R
1

3
, (ii) R

1

4
5,

(iii) = R – {3, 5} (iv) = R – {3, 5}

(c) (i) = {x R : x 6} (ii) = {x R : x –7}

(iii) = {x : x R, x
5

3
}

(d) (i) = {x : x R 3 x 5}

(ii) = {x : x R, x 3, x –5}

(iii) = {x : x R, x –3, x –7}

(iv) = {x : x R, x 3, x –7}

2. (a) (i) = {13, 25, 31, 7, 4} (ii) = {19, 9, 33, 1}
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(iii) = {2, 4, 8, 14, 22}

(b) (i) = {f(x) : –2 f(x) 2} (ii) = {f(x) : 1 f(x) 10}

(c) (i) = {f(x) : 1 f(x) 25} (ii) = {f(x) : –6 f(x) 6}

(iii) = {f(x) : 1 f(x) 5} (iv) = {f(x) : 0 f(x) 5}

(d) (i) = R (ii) = R (iii) = R

(iv) = {f(x) : f(x) < 0} (v) = {f(x) : –1 f(x) < 0}

(vi) = {f(x) : 0.5 f(x) < 0} (vii) = {f(x) : f(x) > 0}

(viii) : x = –5 f(x) f(x)

15.7

1. (i) (ii) 2. (a), (b)

3. (a) 4.(a), (c), (e) 5. (a), (b)

6. (a) (b)

(c) (d)

15.88

y

x′ xO (0,0)

y′

y

x′
x

O (0,0)

y′

y

x′
x

O

(0,–2)

y′

15.89

15.90 15.91

y

x′ x
O (0,0)

y′

(0,0)
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(e) (f)

7. (c), (d) (e)

15.8

1. (v), (vi), (vii) (i), (ii), (iii), (iv)

2. (b) (c) (d), (e), (h)

3. 15.94

4. (a) (b)

(c) (d)

(e) (f)

(g)

y

3

2

1

x′
O–2 –1 1 2 3 4

–1

–2

x

y′

4

–3

–4

15.92

y

x′ xO (0,0)

(0,1)

y′

15.93

y

x′ xO

(0,1)

y′

15.94
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5.

15.9

1. (i) fog
x

x

2

21
2

( )
 (ii) gof

x

x

2

2

2

1

(iii) fof = x4 + 4x2 + 6 (iv) gog = x

2. (a) fog = 4x2 + 20x + 21, gof = 2x2 – 3

fof = x4 – 8x2 + 12, gog = 4x + 15

(b) fog = 9, gof = 3, fof = x4, gog = 3

(c) fog
x

x
gof

x

6 7 2

3 7
, ,  fof = 9x – 28, gog = x

6. (a) fog x

1

3  (b) goh

x

1
1

3

 (c) foh
x

1

(d) hog

x

1
1

3

 (e) fogoh (1) = 1

15.10

1. (ii) B A

2. (a) f–1 (x) = x–3 (b) f x
x1 1

3
( )

(c) (d) f x
x

1 1

1
( )

1. (i) (ii) (iii) (iv)

2. (i) {1, 2, 3, 4, 6, 7, 8, 9} (ii) {8, 10, 12}
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3. (i)

(A B)

(ii)

(A B)

(iii)

(A – B)

5. (i) {4, 6, 8, 10} (ii) {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}

(iii) (iv) {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}

6. (i) (A B) (B C) (ii) (A B) C

(iii) [(A B) C]  (iv) A (B C)

7. (i)

A ( B C)

(ii)

A  (C – B)

A B

A B

A B

A B

C

A B

C

15.95

15.96

15.97

15.98

15.99
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8. 26 64 10. (a), (b), (c), (d), (e)

11 . f
1
 – = {0, 2, 4, 6, ... 10, 0},

= {1, 3, 5, 7, ... 101}

f
2
 – = {–2, –4, –6, ...},

= {4, 16, 36, ...}

f
3
 – 1

1

2

1

3

1

4
, , , , ... ,

= {1, –1}

f
4
 – = {3, –1, 4},

= {0, 2, –1}

f
5
 – = {..., –3, –2, –1, 0, 1, 2, 3, ....}

= {0, 1, 2, 3, ...}

12. (a) R (b) R – {–1, 1}

(c) x x R
1

3
.

(d) = x –1, x –6

(e) x x
5

2
1,

13. (a) R,

(b) x = 2 y y

(c) 1
1

3

1

2

2

3

3

4

4

5
, , , , , ,

(d) = x > 0 y

15. (a), (c), (e), (f), (h)

15.7 7

16. : (a), (d) (b), (c)

17. (a), (c) 18. (a), (b) (c)
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19. (a), (b), (c), (f), (g)

(d), (e)

20. (a) fog = (4x–1)3, gof = 4x3 – 1, fof = x9, gog = 16x–5

(b) fog
x x

gof
x x

x

1

2 3

3 2 1
2 2

4 2

4( )
, ,

fog = x4, gog = x4 – 4x3 + 4x2

(c) fog x gof x8 4 4,

fof x gog x4 4 8,

(d) fog = x4 + 2x2, gof = x4 – 2x2 + 2

fof = x4 – 2x2, gog = x4 + 2x2 + 2

21. (a)
1
1

3x

(b) (fog) (3) = 364, gof (3) = 289

22. (c), (d), (e)


