
(SET THEORY)

3.1.1 (Introduction)

3.1.2 (Concept of Sets and element)

elements

well defined collection

elements

i 1 20

17 8

ii

capital letter

G = 



small letter

s a as b 

s bs 



(Some examples of set)

1. a, e, i, o, u 

2. 2, 3, 5, 7, 11

3.

3.1.3 (Representation of a Set)

(i) Roaster or Tabular Method

{ } 

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

N = {b, c, d, f, ............}

(ii) Rule or Set Builder Method

P x

{x | P(x)} {x : P(x)}

: Such that

G = {x | x }

N = {x | x }



(i)

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

P = {1, 2, 3, 5} 

(ii)

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

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

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

(ii)

C, I, N, Q, R, W, Z 

N = 

W = 

I Z = 

Q = 

R = 

C = 

Worked out Example

1 
1

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10
, , , , , , , ,

RST
UVW

denominator numerator 1

1 9 

x x
n

n
n n: , ,


 RST

UVW1
9 9



2 A = {x : x  z, x2 < 25} 

0, 1, 2, 3, 4 25 

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

3.1.4 (Different types of Sets) 

Singleten Set

(i) = { }

(ii) = { }

(iii) = {2}

Finite set

A K n(A)

= K 

D n(D) = 7

Infinite set

N, Z, W, Q, R C

3.1.5 (Equivalent Set) 

A B n(A) = n(B) 

A ~ B 

A = {a, b, c}

B = {1, 2, 3} 

n(A) = n(B) = 3



3.1.6 (Equality of Sets) 

A B equal A B 

B A A = B

A = {1, 2, 5, 6}

B = {5, 2, 6, 1}

A = B

A B A B 

A = B A ~ B

A ~ B A = B

3

(i) A = {x : x  z x2 – 7x + 12 = 0}

(ii) B = {x : x  z x2 }

(iii) D = {x : x  z x2 = 64}

(iv) E = {x : x  z x < 3}

(i) A = {x : x  z x2 – 7x + 12 = 0}

A = {3, 4}

     A 

(ii) B = {x : x  z x2 }

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

     B 

(iii) D = {x : x  z x2 = 64} 

D = {– 8, 8}

     D 

(iv) E = {x : x  z x < 3} 

E = {.... – 3, – 2, – 1, 0, 1, 2}

     E 



4

A = {x : x ‘flow’ }

B = {x : x ‘follow’ }

L = {x : x ‘later’ }

M = {x : x ‘circle’ }

A = {f, l, o, w}

B = {f, o, l, w}

L = {l, a, t, e, r}

M = {c, i, r, l, e}

 A = B L ~ M

(Operation on Sets)

–


 –

3.1.6.1 (Union of two sets)

A B A B

A B AB

A  B = {x | x A xB}

(i) xA xA x A B

(ii) xAB  xA xB

(iii) xAB  xA xB

(iv) AB = BA

(v) AA = A

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

B = {b, e, g, f}

AB = {a, b, c, d, e, f, g}



3.1.6.2 (Intersection of two sets)

A B A B

A B AB

 AB = {x | xA xB}

(i) xAB  xA xB

(ii) xAB  xA xB.

(iii) AB = BA

(iv) AA = A

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

B = {b, e, f, g}

AB = {b, e}

3.1.6.3 (Difference of two sets)

A B A B

A B A – B

B A B A

B – A

A – B = {x : xA xB}

B – A = {x : xB xA}

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

B = {b, e, f, g}
           =  =

A – B = {a, c, d}

B – A = {f, g}



A B A B

A – B A B – A

B 

A – B  B – A

3.1.6.4 (Symmetric Difference of two sets)

A B
A  B = (A – B)  (B – A)

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

B = {b, e, f, g}
               = =

A  B = (A – B)  (B – A)

 = {a, c, d}  {f, g}

 = {a, c, d, f, g}

3.1.7 (Concept of null set)

A = {2, 6, 9}

B = {4, 5}

 AB A B


{ }

(i) 9 11

(ii) 5 6



(iii) 2 

Disjoint Set A B

AB = 

3.1.8 (Subsets and Supersets)

A B A B A B

AB

A B A B BA

A = {1, 3, 4, 7}

B = {1, 2, 3, 4, 5, 6, 7}

AB BA

(i) A B A, B

AB 

A = {1, 2, 5, 6}

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

AB 6A 6B

(ii) A B AB BA

A = B

AB BA

3.1.9 (Proper Subset)

A B A B B

A B A

AB 



N  I

N = 

I = 

(i) Improper subset

(ii)

(iii) 
(iv) A  A

 A

(v) 

3.1.10 

n 2n

3.1.11 (Family of Set or Class of Set)

3.1.12 (Power Set)

A P(A)

A = {1, 2, 3}

P(A) = {, {1}, {2}, {3}, {1, 2},

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

n(A) = K

n[P(A)] = 2K



3.1.13 (Universal Set)



A = {1, 2, 3}

B = {2, 4, 5, 6}

C = {1, 3, 6, 8, 9}

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

A, B, C 


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


2
 = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11}

unique

3.1.14 (Complement of a Set)

A   A

A A/ AC

 A/ = {x | x xA}

       =  – A

 = {1, 2, 3, ...., 10}

A = {2, 4, 5, 7, 8}

A/ = {1, 3, 6, 9, 10}

(i) AA/  = 
(ii) AA/ = 
(iii) (A/)/ = A

(iv)  = 
(v)  = 



3.1.15 (Venn Diagram)

Abstract

Euler

3.1.15(a) 3.1.15(b)

A A/ A 
3.1.15.(c)

A

A

3.1.15(C)

A
B

3.1.15(a)

AB

A
B

3.1.15(b)

AB

A


. . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . .
. . . . . . . . . .
. . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . .



Disjoint set 

A B 3.1.15 (d)

3.1.15(d)

A B A – B B A B – A 3.1.15 (e)

3.1.15(f)

A B

AB AB A

B

 n(AB) = n(A) + n(B) – n(AB)

AB = 
n(AB) = n(A) + n(B)

(i) n(A) = n(A – B) + n(AB)

(ii) n(B) = n(B – A) + n(AB)

(iii) n(AB) = n(A – B) + n(AB) + n(B – A)

A B


AB BA

A B A B



  3.1.15(e)   3.1.15(f)



A B

A–B B–A
AB

3.1.15(g)



3.1.16 (Laws of Algebra of Sets)

(a)

(i) AA = A (ii) AA = A

(b)

(i) A   = A (ii) A = 
(iii) A =  (iv) A = A

(b) Commutative law

(i) AB = BA

(ii) AB = BA

(d) Associative

(i) (AB)C = A(BC)

(ii) (AB)C = A(BC)

(e) Distributive Law

(i) A(BC) = (AB)(AC)

(ii) A(BC) = (AB)(AC)

(f) 

(i) (AB)/ = A/B/

(ii) (AB)/ = A/B/

5 

(i) 50 

(ii) 

(iii) 

(iv) 



(i) (ii)

(ii) (iv)

6 

(i) x2 – 7x – 30 = 0

(ii) ‘Mathematics’

(iii) 25 

(iv) 7 

(v) 30

(i) x2 – 7 – 30 = 0

(x – 10)(x + 3) = 0

 x = 10  – 3

  A = {10, – 3} = {x | x2 – 7x – 30 = 0}

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

= {x | x ‘mathematics’ }

(iii) A = {2, 3, 5, 7, 11, 13, 17, 19, 23}

= {x | x, 25 }

(iv) A = {16, 61, 25, 52, 43, 34, 70}

= {x | x 7}

(v) A = {– 5, – 4, – 3, – 2, – 1, 0, 1, 2, 3, 4, 5}

7 

(i) 23 29

(ii) x2 – 8x – 20 = 0 

(iii) 2 

(iv) x2 – 5 = 0 

(v) {x | 5 < x < 6, xN}

(i) 23 29 =  23 29 24,

25, 26, 27, 28



(ii) x2 – 8x – 20 = 0

 (x – 10)(x + 2) = 0

 x = 10 or – 2

 x2 – 8x – 20 = 0 = {10}

(iii) 2 =  2 2

(iv) x2 – 5 = 0

 x2 – 5  x =  5   

 x2 – 5 = 0 = 
(v) {x | 5 < x < 6, xN} =  5 6

8 

(i) {1, 2, 3}  {1, 3, 5, 7}

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

(iii)   A

(iv) {3}{1, 3, 5}

(v) {o, u)  {x | x 

(i) 2{1, 3, 5, 7}

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

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

(v) {o, u}  {a, e, i, o, u}

9 

(i) {1, 2, 3, 4} {x | x 4  x  6}

(ii) {a, e, i} {b, c, d}

(iii) A = {x | 5 < x < 9, xN}

 B = {x | x2 – 16 = 0}



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

B = {4, 5, 6}

 AB = {4}  
A B

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


(iii) A = {6, 7, 8}

B = {– 4, 4}

 AB = 
A B

10 A = {3, 5, 7, 9, 11}

B = {7, 9, 11, 13}

C = {11, 13, 15}

D = {15, 17}

(i) AC

(ii) A(BD)

(iii) (AB)(CD)

(iv) (AD)(BC)

(v) (A – B)(C – D)

A = {3, 5, 7, 9, 11}

B = {7, 9, 11, 13}

C = {11, 13, 15}

D = {15, 17}

(i) AC = {3, 5, 7, 9, 11}{11, 13, 15}

= {11}



(ii) A(BD) = {3, 5, 7, 9, 11}{7, 9, 11, 13, 15, 17}

= {7, 9, 11}

(iii) (AB)(CD)

= {7, 9, 11}{11, 13, 15, 17}

= {7, 9, 11, 13, 15, 17}

(iv) {AD}(BC)

= {3, 5, 7, 9, 11, 15, 17}{7, 9, 11, 13, 15}

= {7, 9, 11}

(v) (A – B)(C – D)

= {3, 5}{11, 13}

= {3, 5, 11, 13}

11 = {a, b, c, d, e, f, g, h}

A = {a, c, e, g}

B = {d, e, f, g}

C = {a, f, g, h}

(i) (A – B)/

(ii) A/ (B/ – C/)

(iii) (A – B)/(B – C)/

(iv) (AB)/ = A/B/

 = {a, b, c, d, e, f, g, h}

A = {a, c, e, g}

B = {d, e, f, g}

C = {a, f, g, h}

(i) (A – B)/ = {a, c}/ = {b, d, e, f, g, h}

(ii) (B/ – C/)

= {a, b, c, h} – {b, c, d, e}

= {a, h}

 A/ (B/ – C/)



= {b, d, f, h}{a, h}

= {h}

(iii) (A – B)/(B – C)/

= {a, c}/{d, e}/

= {b, d, e, f, g, h}{a, b, c, f, g, h}

= {a, b, c, d, e, f, g, h}

(iv) L.H.S. = (AB)/

= {e, g}/

= {a, b, c, d, f, h}

R.H.S = A/B/

= {b, d, f, h}{a, b, c, h}

= (a, c, d, f, h}

 (AB)/ = A/B/

12 

(i) A – (BC)

(ii) (A – B)/

(iii) A(BC), BC, C  B, C  A

(i)

(ii)

A B
A B

  BC=       A–(BC)=

C

B

A–B

A B



A B

(A–B =



(iii)

13 35 

25 16 

B = 

H = 

   n(B) = 25, n(H) = 16

n(BH) = 35 

n(BH)

n(BH) = n(B) + n(H) – n(BH)

 35 = 25 + 16 – n(BH)

 n(BH) = 41 – 35 = 6

 = 6

14 600 150 225 

100 

(i)

(ii)

(iii)

B

A
C

A(BC), BC, C  B B  A =



A = 

B = 

n() = 600

n(A) = 150

n(B) = 225

n(AB) = 100

(i)

n(AB) = n(A) + n(B) – n(AB)

= 150 + 225 – 100

= 375 – 100

= 275


= n(A/B/)

= n(AB)/

= n() – n(AB)

= 600 – 275 = 325

(ii)

= n(A – B)

 n(A) – n(AB)

= 150 – 100 = 50

(iii) 

= n(B) – n(AB)

= 225 – 100 = 125

A B

A–B B–A

BA






(Summary)

A B A B

S P(S)

A B A B A

B AB

A B A B

A B AB

A B A B

A B A – B

A  A 
A A/

A B (AB)/ = A/ B/ (AB)/ = AB/

A B

(i) n(AB) = n(A) + n(B); AB = 

(ii) n(AB) = n(A) + n(B) – n(AB) AB  



3.1

1.

(i)

(ii) 100 

(iii)

(iv)

(v)

2.

(i) ‘Engineering’

(ii) 50 

(iii) 4x2 – 8x + 3 = 0 

(v) 24 

(v)
n

n
n N




1
,

(vi) 6

3.

(i) {x : xN, x2 – 5x – 14 = 0}

(ii) {x : 3x – 1 = 0}

(iii) {x : x – 1 0 }

(iv) {x : x }

(v)

(vi) 30 

4.

A = {x : x ‘loyal’ }

B = {x : x ‘wolf’ }

C = {x | x ‘alloy’ }

D = {x : x 10 }



5.

(i) 2

(ii) A = {x : xN, x < 5 x > 9}

(iii) B = {x : x x2 + 4 = 0 }

(iv)  = {x : x + 8 = 8}

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

(ii) {c, e, g} ... {a, b, c, d, e}

(iii) {x : x }

{x : x }

(iv) {x : x } ...

{x : x }

(v) {x : x } .... {x : x }

(vi) {x : x } .... {x : x }

(vii) {x : x } .... {x : x 2 }

7.

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

(ii) {a, b}{x : x }

(iii) {1, 4}{1, 4, 6, 9}

(iv) {x : x + 8 = 8} = 
(v) {a}{a, b, {a}, {e}}

(vi) {}{p, q, s}

8.

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

(i) {c, d} A

(ii) {c, d} A

(iii) {a, b, e}A

(iv)   A



(v) a  A

(vi) {{c, d}, e} A

9.

(i) {x : x  R, 2x2 – x = 0}

(ii) {x : x N, 7x = 9

(iii) {x : x2 = 36}

(iv) {x : 2x2 – 9x – 5 = 0, xN}

10. A = {x : x |  x  12}

B = {x : x 20 }

C = {x : x 15 }

(i) ABC

(ii) A – (BC)

(iii) BC

(iv) C – B

(v) (AB)(AC)

(vi) (A – B)(B – C)

11. 

(i) A = {x : x N, 5 < x < 9}

B = {x : x2 – 4x – 12 = 0}

(ii) L = {x : x x  5}

M = {x : x2 – 16x + 63 = 0}

(iii) C = {x : x }

D = {x : x 5 }

12. AB

(i) A = {c, d, e, f} B = {d, f, g, h}

(ii) A = {x : x x < 8}

B = {x : x }



(iii) A = {x : 5 < x < 10}

B = {x : 4 < x < 9}

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

A = {2, 3, 5, 7}

B = {1,4, 7, 8}

C = {2, 3, 6, 8, 9} 

(i) B(A – C)

(ii) A/(B – C)/

(iii) A/(BC)

(iv) B/(A/ – C/)

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

B = {b, d, f, h}

C = {c, d, e, f} 

(i) A(BC) = (AB)(AC)

(ii) A – (BC) = (A – B)(A – C)

(iii) A – (A – B) = AB

(iv) A(B – C) = (AB) – (BC)

15. S = 

F = 

M = 

G =

(i) F/ (ii) (MG)/ (iii) FM

(iv) M \ G (v) S – (MG)

16.

(i) (AB)(AC) = A (BC)

(ii) A – (BC) = (A – B)(A – C)

(iii) (A/B/) = AB



17. 100 

75 60

(i) 

(ii) 

(iii) 

18. 100 40 30 45 

(i)

(ii) 

(iii) 

19. 150 90 

20 30 

20.

100 50 25 

3.1

1. (i), (ii), (iv) –

(iii), (v) 

2. (i) {e, n, g, i, r}

{x | x ‘engineering’ }

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

{x : x  N, x2 < 50}



(iii)
1

2

3

2
,

RST
UVW

{x : x 4x2 – 8x + 3 = 0 }

(iv) {1, 3}

{x : x 24 }

(v)
1
2

2
3

3
4

4
5

, , , .....{ }

x x
n

n
n N: ,


RST

UVW1

(vi) {15, 51, 24, 42, 33, 60}

{x : x = 10k + l, l + k = 6, l, kN}

3. (i), (ii), (iv), (v) – 

(iii), (vi) – 

4. A = {l, o, y, a}

B = {w, o, l, f}

C = {a, l, o, y}

D = {2, 3, 5, 7}

A = C, A ~ B, A ~ C, A ~ D

B ~ C, B ~ D, C ~ D

5. (i), (ii), (iii) 

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

(v)  (vi)  (vii) 

7. (i), (v) – 

(ii), (iii), (iv), (vi) – 

8. (i) {c, d}A

(iii) {a, b, c}A

(v) aA

9. (ii), (iv)



10. (i) {3, 5, 7, 11}

(ii) {4, 6, 8, 10, 12}

(iii) {1, 2, 9, 17, 19}

(iv) {1, 9}

(v) {1, 2, 3, 5, 7, 9, 11}

(vi) {1, 2, 4, 6, 8, 9, 10, 12, 17, 19}

11. (i) LM =  L M

(ii) CD = , C  D 

12. (i) {d, f}

(ii) {2}

(iii) {x | 5 < x < 8}

13. (i) {7}

(ii) {6, 8, 9}

(iii) {1, 4, 6, 9}

(iv) {6, 9}

15. (i)

(ii)

(iii)

(iv)

(v)

17. (i) 35 (ii) 40 (iii) 25

18. (i) 15 (ii) 25 (iii) 15

19. 10

20. 125



3.2 (Determination)

3.2.1 (Introduction)

x  y

a
1
x + b

1
y = d

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

a
2
x + b

2
y = d

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

a
1
b

2
 – a

2
b

1 
 0 (1) (2)

x = 
b d b d

a b a b

2 1 1 2

1 2 2 1




y = 
a d a d

a b a b

1 2 2 1

1 2 2 1




(a
1
b

2
 – a

2
b

1
)

 

a b
a b

1 1

2 2

a b
a b

1 1

2 2
Raw

Column

Row Column

a
1

b
1



a
2

b
2



a
1
, a

2
, b

1
, b

2
element a

1
 b

2
, a

2
, b

1

terms a
1
b

2 
– a

2
b

1



diagonal element

principal diagonal

a b

a b

1 1

2 2



a
1 

a
2

i

ii  D

3.2.2 Expansion of dertermination of second

order

a b

a b

1 1

2 2

a
1
b

2 
– a

2
b

1



= –

22

4 5

6 2

= 4 × 2 – 5 × (– 6)

 = 8 + 30 = 38

3.2.3 (Third order determinant)

a
1
, a

2, 
a

3
, b

1
, b

2
, b

3
, c

1
, c

2
, c

3

-----



a b c

a b c

a b c

1 1 1

2 2 2

3 3 3

32 | 3 term

(i) n2 n n n

| n

(ii)

3.2.4 (Minor and Cofactors)

 

a b c

a b c

a b c

1 1 1

2 2 2

3 3 3

a
1

 a
1 

     = 

b c

b c

2 2

3 3

 
= b

2
c

3
 – b

3
c

2

b
2


a c

a c

1 1

3 3

= a
1
c

3
 – a

3
c

1



= (– 1)R+C × R C 

a
1

A
1
, b

2
B

2

 a
1 

= A
1 

= (– 1)1+1 
b c

b c

2 2

3 3

= + (b
2
c

3 
– b

3
c

2
)

b
2 

= B
2

= (– 1)2+2 

a c

a c

1 1

3 3

= + (a
1
c

3 
– a

3
c

1
)

c
2 

= C
2

= (– 1)2+3 

a b

a b

1 1

3 3

= – (a
1
b

3 
– a

3
b

1
)

 
a b

a b

1 1

2 2

a
1 

= A
1

 = (– 1)1+1 b
2

 = b
2

b
1 

= B
1

 = (– 1)1+2 a
2

 = – a
2

3.2.5 (Value of a determinant of order 3) 

 

a b c

a b c

a b c

1 1 1

2 2 2

3 3 3



= a
b c

b c
1

2 2

3 3

 b
a c

a c
1

2 2

3 3

 c
a b

a b
1

2 2

3 3

= a
1
(b

2
c

3 
–

 
b

3
c

2
) – b

1
(a

2
c

3 
– a

3
c

2
) + b

1
(a

2
b

3 
–a

3
b

2
)

= a
1
A

1 
+ b

1
B

1 
+ c

1
C

1

A
1
, B

1
, C

1
a

1
, b

1
c

1

a
1
A

1
 + a

2
A

2
 + a

3
A

3

= a
b c

b c
a

b c

b c
a

b c

b c
1

2 2

3 3

2

1 1

3 3

3

1 1

2 2

 

= a
1
(b

2
c

3
 – b

3
c

2
) – a

2
(b

1
c

1
 – b

3
c

3
) + a

3
(b

1
c

2
 – b

2
c

1
)

= a
1
(b

2
c

3
 – b

3
c

2
) – b

1
(a

2
c

1
 – a

3
c

2
) + c

1
(a

2
b

3
 – a

3
b

2
)

= a
1
A

1
 + b

1
B

1
 + c

1
C

1

= 


 







4 3 6

1 2 5

0 7 2

= 4
2 5

7 2
3

1 5

0 2
6

1 2

0 7




  




( )

= 4(– 4 + 35) – 3(2 – 0) – 6(– 7 – 0)

= 124 – 6 + 42 = 160

3.2.6 (Properties of determinant)



1 

Verification



a b c

a b c

a b c

1 1 1

2 2 2

3 3 3

      a b c b c b a c a c c a b a b1 2 3 3 2 1 2 3 3 2 1 2 3 3 2( ) ( ) ( )

1

1 2 3

1 2 3

1 2 3



a a a

b b b

c c c

  a b c b c b a c a c c a b a b1 2 3 3 2 1 2 3 3 2 1 2 3 3 2( ) ( ) ( )    

   

R –– C

2 

Verification

 

a b c

a b c

a b c

1 1 1

2 2 2

3 3 3



  a
1
 (b

2
c

3
 – b

3
c

2
) – b

1
(a

2
c

3
 – a

3
c

2
) + c

1
(a

2
b

3
 – a

3
b

2
)

 

c c c

b b b

a a a

1 2 3

1 2 3

1 2 3

  a
1
(b

2
c

3
 – c

3
b

2
) – a

2
(b

3
c

1
 – b

1
c

3
) + a

3
(b

2
c

1
 – b

1
c

2
)

    = – [a
1
(b

2
c

3
 – b

3
c

2
) – b

1
(a

2
c

3
 – a

3
c

2
) + c

1
(a

2
b

3
 – a

3
b

2
)]

    – 

R
i
 –– R

j
 i j 

C
i
 –– C

j 
i j 

3 

Verification

 

a b c

a b c

a b c

1 1 1

2 2 2

1 1 1

R
1

R
3

2 

 = – 
 2 = 0

  = 0

4 

 =

a b c

a b c

a b c

1 1 1

2 2 2

3 3 3

= a
1
A

1
 + b

1
B

1
 + c

1
C

1



A
1
, B

1
, C

1
a

1
, b

1
c

1 

k k  0

ka kb kc

ka kb kc

ka kb kc

1 1 1

2 2 2

3 3 3

= ka
1
A

1
 + kb

1
B

1
 + kc

1
C

1

= k(a
1
A

1 
+ b

1
B

1 
+ c

1
C

1
)

= k

k 

5 

verification

     
1

= 

a b c

a b c

a b c

1 1 1

2 2 2

3 3 3

= a
1
A

1
 + b

1
B

1
 + c

1
C

1

   
2

= 

  1 1 1

2 2 2

3 3 3

a b c

a b c

= 
1
A

1
 + 

1
B

1
 + 

1
C

1

a b c

a b c

a b c

1 1 1 1 1 1

2 2 2

3 3 3

    

= (a
1
 + 

1
) A

1
 + (b

1
 +

 


1
) B

1 
+ (c

1
 + 

1
)C

1



= (a
1
A

1
 + b

1
B

1
 + c

1
C

1
) + (

1
A

1
 + 

1
B

1
 + 

1
C

1
)

= 
1 

+ 
2

n 

n 

6

Verification

 =

a b c

a b c

a b c

1 1 1

2 2 2

3 3 3

k  0

k


1 

= 

a ka b kb c kc

a b c

a b c

1 2 1 2 1 2

2 2 2

3 3 3

  

5 


1 

= 

a b c

a b c

a b c

1 1 1

2 2 2

3 3 3

 + 

ka kb kc

a b c

a b c

2 2 2

2 2 2

3 3 3

 = k 

a b c

a b c

a b c

2 2 2

2 2 2

3 3 3

     =  + k × 0  [ R
1
 = R

2
]

     = 



k = – 1

a b c

a b c

a b c

a a b b c c

a b c

a b c

1 1 1

2 2 2

3 3 3

1 2 1 2 1 2

2 2 2

3 3 3



  

R
i 
 R

i 
 kR

j

C
i 
 C

i 
 kC

j

R
i 

C
j  

k R
i 

C
i 

+ – R
i 

C
i

(Worked Out Example)

1 

3 4 5

6 7 0

2 8 3





3 4 5

6 7 0

2 8 3





= 3

7 0

8 3

4

6 0

2 3

5

6 7

2 8
 


( )

= 3(– 21 – 0) + 4(– 18 – 0) + 5(48 – 14)

= – 63 – 72 + 170 = 35



2 x 

3

1

3 2

4 1

x

x


3

1

3 2

4 1

x

x


 3 – x2 = 3 – 8

 x2 = 8

 x =  2 2

3 

(i)

2 4 10

3 9 15

7 2 35

0





 



= 

2 4 10

3 9 15

7 2 35





 

= – 5

2 4 2

3 9 3

7 2 7



 



c
3
 

= – 5 × 0 [ C
1
 = c

3
]

= 0 = 

(ii)

3 6 7

7 2 11

1 8 5

0









= 

3 6 7

7 2 11

1 8 5









= 

3 6 7

4 4 4

2 2 2



  

R R R

R R R

2 2 1

3 3 1

 

 

= 4 × (– 2) 

3 6 7

1 1 1

1 1 1



R
2 

4 R
3 

– 2

= – 8 × 0   [ R
2
 = R

3
]

= 0 = 

(iii)

1

1

1

0

p q r

q r p

r p q









=

1

1

1

p q r

q r p

r p q







= 

1

1

1

3 3 2

p p q r

q p q r

r p q r

c c c

 

 

 

  

= ( )p q r

p

q

r

 

1 1

1 1

1 1

       c
3

(p+q+r)

= (p+q+r) × 0  [ C
1
 = c

2
]

= 0 = 



4. 

1 1 1

1 1 1

1 1 1





x

y

xy

1 1 1

1 1 1

1 1 1





x

y

=
 

0 0

0

1 1 1







y

x y

y

  

R R R

R R R

1 1 3

2 2 3

 

 

= – y 

0

1 1

x

= – y(0 – x)

= xy = 

5.









a ab ac

ab b bc

ac bc c

a b c

2

2

2

2 2 24

=  







a ab ac

ab b bc

ac bc c

2

2

2

=
 

abc

a b c

a b c

a b c







R
1
, R

2
, R

3
 a, b, c

= (abc) (abc)







1 1 1

1 1 1

1 1 1

C
1
, C

2
, C

3 
a, b, c

= a2b2c2 

0 0 1

2 2 1

0 2 1





C C C

C C C

1 1 3

2 2 3

 

 

= a2b2c2(4 – 0)

= 4a2b2c2 

6. 

a b c a a

b b c a b

c c c a b

 

 

 

2 2

2 2

2 2

= (a + b + c)3

= 

a b c a a

b b c a b

c c c a b

 

 

 

2 2

2 2

2 2

= 

a b c a b c a b c

b b c a b

c c c a b

     

 

 

2 2

2 2

 

R

R R R

1

1 2 3



 

= ( )a b c b b c a b

c c c a b

   

 

1 1 1

2 2

2 2



=
 

( )a b c b b c a

c c a b

    

  

1 0 0

2 0

2 0

  

C C C

C C C

2 2 1

3 3 1

 

 

= ( )a b c
b c a

c a b
 

  

  

0

0

= (a + b + c)[(–1)2(a + b + c)2 – 0]

= (a + b + c)3 = 

7. 

x

x

x

1 1

1 1

1 1

0

x

x

x

1 1

1 1

1 1

0



x

x x

x x









2 1 1

2 1

2 1

0
    C C C C1 1 2 3  

 ( )x x

x

 2

1 1 1

1 1

1 1

0


( )x x

x

 



2

1 0 0

1 1 0

1 0 1

0
   

C C C

C C C

2 2 1

3 3 1

 

 

 (x – 2)(x– 1)2 = 0



 (x + 2) = 0  (x– 1)2 = 0

 x = – 2  x = 1, 1

 x = – 2, 1, 1  

3.2.7 Solution of Equations using

Creamer’s Rule

a
1
x + b

1
y + c

1
z = d

1

a
2
x

 
+ b

2
y + c

2
z = d

2

a
3
x

 
+ b

3
y + c

3
z = d

3

 = 

a b c

a b c

a b c

1 1 1

2 2 2

3 3 3

0


x 
= 

d b c

d b c

d b c

1 1 1

2 2 2

3 3 3


y 
= 

a d c

a d c

a d c

1 1 1

2 2 2

3 3 3


z 
= 

a b d

a b d

a b d

1 1 1

2 2 2

3 3 3


x
, 

y
, 

z
 (d

1
,
 
d

2
, d

3
)




z
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d b d

d b d

d b d

1 1 1

2 2 2

3 3 3

= 

a x b x c z b c
a x b y c z b c
a b y c z b c

1 1 1 1 1

2 2 2 2 2

3 3 3 3 3

 
 
 

= 

a x b c
a x b c
a x b c

b y b c
b y b c
b y b c

c z b c
c z b c
c z b c

1 1 1

2 2 2

3 3 3

1 1 1

2 2 2

3 3 3

1 1 1

2 2 2

3 3 3

 
 
 


 
 
 


 
 
 

= x 

a b c
a b c
a b c

y
b b c
b b c
b b c

z
c b c
c b c
c b c

1 1 1

2 2 2

3 3 3

1 1 1

2 2 2

3 3 3

1 1 1

2 2 2

3 3 3

 
 
 


 
 
 


 
 
 

= x. + y.0 + z.0

 
x
 = x.

 x = 



x

y = 



y

, z = 



z



x y z

   


x y z

   
1

0;

(1)   0 (consistent) unique

(2)  = 0 
x


y


z
atleast 0

  0



(Illustrative Example) 

8 

 2x + 3y = 13

 x + 7y = 23

     
2 3

1 7
14 3 11 0

 x    
13 3

23 7
91 69 22

 y    
z 13

1 23
46 13 33

 x = 



x  
22

11
2

y = 



y  

33

11
3

9 

 x + 2y + 3z – 6 = 0

 2x + 4y – 7 = – z

 3x + 2y + 9z – 14 = 0

x, y, z

x + 2y + 3z = 6

2x + 4y + z = 7

3x + 2y + 9z = 14

    
1 2 3
2 4 1
3 2 9

= 1(36 – 2) – 2(18 – 3) + 3(4 – 12)

= 34 – 30 – 24 = – 20 0



 x 
6 2 3
7 4 1
14 2 9

   = 6(36 – 2) – 2(63 – 14) + 3(14 – 56)

   = 204 – 98 – 126 = – 20

 y 
1 6 3

2 7 1

3 14 9

   = 1(63 – 14) – 6(18 – 3) + 3(28 – 21)

   = 49 – 90 + 21 = – 20

 z 
1 2 6
2 4 7
3 2 14

   = 1(56 – 14) – 2(28 – 21) + 6(4 – 12)

   = 42 – 14 – 48 = – 20

 x = 



x 




20

20
1

y = 



y 





20

20
1

z = 



z 




20

20
1

x = 1, y = 1, z = 1

10 

3x +  y + z – 10 = 0

 x +  y – z = 0

5x – 9y = 1

3x + y + z = 10

x + y – z = 0

5x – 9y + 0.z = 1

  = 

3 1 1
1 1 1
5 9 0




= 3(0 – 9) – 1(0 + 5) + 1(– 9 – 5)

= – 27 – 5 – 14 = – 46



 x  


10 1 1
0 1 1
1 9 0

   = 10(0 – 9) – 1(0 + 1) + 1(0 – 1)

   = – 90 – 1 – 1 = – 92

 y 
3 10 1
1 0 1
5 1 0

   = 3(0 + 1) – 10(0 + 5) + 1(0 – 1)

   = – 3 – 50 + 1 = – 46

 z 


3 1 10
1 1 0
5 9 1

   = 3(1 + 0) – 1(1 – 0) + 10(– 9 – 5)

   = – 3 – 1 – 140

   = – 138

 x = 



x 




92

46
2

y = 



y 





46

46
1

z = 



z 




138

46
3

x = 2, y = 1, z = 3



(Summary)

|A| = 
a b
a b

a b a b1 1

2 2
1 2 2 1 

|A| = 

a b c
a b c
a b c

1 1 1

2 2 2

3 3 3

= a
1 

b c
b c

b
a c
a c

c
a b
a b

2 2

3 3
1

2 2

3 3
1

2 2

3 3

 

a
ij

M
ij

n n( ) 2 (n – 1)

a
ij

A
ij

A
ij 

= (–1)i+j M
ij

k k( ) 0



a
1
x + b

1
y + c

1
z = d

1

a
2
x + b

2
y + c

2
z = d

2

a
3
x + b

3
y + c

3
z = d

3 

 = 

a b c
a b c
a b c

1 1 1

2 2 2

3 3 3


x 

= 

d b c
d b c
d b c

1 1 1

2 2 2

3 3 3


y 

= 

a d c
a d c
a d c

1 1 1

2 2 2

3 3 3


z 
= 

a b d
a b d
a b d

1 1 1

2 2 2

3 3 3

  

x = 









x
y

y
z

z
; , 



3.2

1. (i)  
2 1 1
1 2 3
3 2 4
   – 2

4

(ii)

1 0 5
3 1 2
4 6 3





 3 

– 5 

2.

5 2 0

6 1 3

4 2 1





 

3.

(i)
5 17
0 1

(ii)

1
1
1

a bc
b ca
c ab

4.

5 1 0
2 3 1

3 2 0




5.

(i)

6 3 2
2 1 2

10 5 2






(ii)

3 2 4
9 6 12
31 16 19




(iii)

3 4 5
4 5 6
10 13 16



(iv)

1 1 2

2 2 4

3 3 6

2 2

2 2

2 2

(v)

1

1

1

a
a bc

b
b ca

c
c ab

(vi)

0
0

0

c b
c a
b a

 

(vii)

a b b c c a
b c c a a b
c a a b b c

  
  
  

6. x 

(i)

x x2 1

0 2 1

3 1 4

28

(ii)

1 1 1
1 1
1 1

0x
x


(iii)

x 0 0

2 5 7

0 1 2

9

7.

(i)

bc a a

ca b b

ab c c

a a

b b

c c

2

2

2

2 3

2 3

2 3

1

1

1



(ii)

1

1

1

0

2

2

2

x x yz

y y zx

z z xy









(iii)

bc a a

b ca b

c c ab

bc ab ca

ab ca bc

ca bc ab

2 2

2 2

2 2

0

8.

(i)

1

1

1

2

2

2

x x

y y

z z

x y y z z x   ( )( )( )

(ii)

1
1

1
1





   

x y z
x y z
x y z

x y z

(iii)







a ab ac

ab b bc

ac bc c

a b c

2

2

2

2 2 2
4

(iv)

a
a b c
bc ca ab

a b b c c a
1 1

   ( )( )( )

(v)

x y z z x
y z x x y
z x y y z

x y z xyz
 
 
 

   3 3 3 3

(vi)

0

0

0

2

2 2

2 2

2 2

3 3 3
ab ac

a b bc

a c b c

a b c

(vii)

1 1 1

3 3 3
a b c

a b c

a b b c c a a b c     ( )( )( )( )

(viii)

1 1 1
1 1 1
1 1 1

1
1 1 11

2

3

1 2 3

1 2 3





   

F
HG

I
KJ

a
a

a
a a a

a a a

9.

(i)

3 6 3
6 3 3

3 3 6
0

 
 

 


x
x

x



(ii)

x a b c
c x b a
a b x c





 0

10.

(i) 3x + 4y = 2

9x + 16y = – 1

(ii) 2x + 3y = 5

3x – 2y = 1

(iii) x + 2z = 7

3x + 4y = 11

3y – 5z = – 9

(iv)

2 1
8

3 2
5

x y

x y

 

 

(v) x
1
 + 3x

2 
+ 5x

3 
= 22

5x
1 

– 3x
2 

+ 2x
3 

= 5

9x
1 

+ 8x
2 

– 3x
3
 = 16

(vi) x – y = 1

x + z = – 6

x + y + 2z = 3



3.2

1. (i) = 5; – 5

(ii)  = 30 ; 22

2. 2

2, 5, – 2

3. (i) = – 1, 17; = – 1, – 17

(ii) = ab2 – ac2; a2b – bc2 ; a2c – b2c

= ab2 – ac2; bc2 – a2b ; a2c – b2c

4. 13

6. (iii) x = 3 (ii) x = 1, 1 (i) x = 2, – 
17

7

9. (i) x = 0, 9  – 9

(ii) x = 0,  – (a + b + c)

10. (i) x 
1

3
,  y 

1

4

(ii) x = 1, y = 1

(iii) x = 1, y = 2, z = 3

(iv) x y  
1

3

1

2
,

(v) x
1 

= 1, x
2 

= 2, x
3 

= 3

(vi) x = – 2, y = – 3, z = – 4
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