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120 2 5 100 4 3

1 x 1 y

2 5

4 3

120

100

x

y

AX = B

A X
x

y

2 5

4 3
, B

120

100

X
x

y

X A–1 X = A–1B

A–1 A
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(Adjoint)

 AX = B

(Transpose)

5.1 (Determinant of aMatrix)

A
2 5

4 3

2 5

4 3
|A|

A

1 3 1

2 4 5

1 1 7

| |A

1 3 1

2 4 5

1 1 7
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|A| = 0

(Non – singular)

|A|  0

5.1 A

(a) A
6 3

4 2
(b) A

1 2 3

0 1 2

1 4 1

(a) | |A
6 3

4 2

= (–6) (2) – (4) (–3)

= –12 + 12 = 0

(b) | |A

1 2 3

0 1 2

1 4 1

1
1 2

4 1
2

0 2

1 1
3

0 1

1 4

= –7 + 4 – 3

= –6  0

5.2  x

A

x

1 2 3

1 2 1

2 3
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| |A

x

1 2 3

1 2 1

2 3

1
2 1

2 3
2

1 1

3
3

1 2

2x x

= 1 (–6 –2) + 2 (–3 – x) +3 (2 – 2x)

= –8 – 6 – 2x + 6 – 6x

= –8 – 8x

A

|A| = –8 – 8x = 0

x = –1

x –1

5.3 A
1 6

3 2
|A| = |A |

A A

A
1 6

3 2

A
1 3

6 2

| |A
1 6

3 2
1 2 3 6 16 ... (1)

| |A
1 3

6 2
1 2 3 6 16 ... (2)

(1) (2) |A| = |A |

(1) (2) |A| = |A1|

5.2 (Minors and

Cofactors of the elements of square Matrix)

A

a a a

a a a

a a a

11 12 13

21 22 23

31 32 33
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A i j a
ij

M
ij

a
ij

C
ij

C
ij
 = (–1)i+j M

ij

M
23

= a
23

a a

a a

11 12

31 32

C
23

= a
23

= (–1)2+3 M
23

= (–1)5 M
23

= – M
23

–
a a

a a

11 12

31 32

5.4 A
2 5

6 3

A | |A
2 5

6 3
6 30 24

M
11

2 = 3; C
11

= (–1)1+1 M
11

= (–1)2 M
11

= 3

M
12

2 = 6; C
12

 (–1)1+2 M
12

= (–1)3 M
12

= –6

M
21

6 = 5; C
21

 (–1)2+1 M
21

= (–1)3 M
21

= –5

M
22

3 = 2; C
22

 (–1)2+2 M
22

= (–1)4 M
22

= 2

5.5

A

1 3 6

2 5 2

4 1 3
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M11

5 2

1 3
= 15 + 2 = 17; C

111
= (–1)1+1M

11
= 17

M12

2 2

4 3
= 6 + 8 = 14; C

12
= (–1)1+2M

12
= –14

M13

2 5

4 1
= 2 – 20 = –18; C

13
= (–1)1+3M

13
= –18

M21

3 6

1 3
= 9 – 6 = 3; C

21
= (–1)2+1M

21
= –3

M22

1 6

4 3
= (–3 – 24) = –27; C

22
= (–1)2+2M

22
= –27

M23

1 3

4 1
= (–1 – 12) = –13; C

23
= (–1)2+3M

23
= 13

M31

3 6

5 2
= (–6 – 30) = –36; C

31
= (–1)3+1M

31
= –36

M32

1 6

2 2
= (2 – 12) = –10; C

32
= (–1)3+2M

32
= 10

M33

1 3

2 5
= (–5 – 6 = –11; C

33
= (–1)3+3M

33
= –111

5.1

1.

(a) A
0 6

2 5
(b) B

4 5 6

1 0 1

2 1 2
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2.

(a) A
3 2

9 6
(b) Q

1 1 2

2 3 1

4 5 1

3.

(a) A
3 1

7 4
(b) B

0 6

2 5

4.(a) 2

A

1 2 3

1 0 4

2 3 1

(b) A 3

A

2 1 3

5 4 1

2 0 3

5.

(a) A
3 2

9 7
(b) B

0 4

5 6

6. (a) 2

A

2 0 1

1 3 0

4 1 2

(b) 1

A

2 1 5

6 4 2

5 3 0
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7. A
2 3

4 5
B

2 3

7 4

(a) |A| = |A | |B| = |B | (b) |AB| = |A| |B| = |BA|

5.3 (Adjoint)

A
2 1

5 7
| |A

2 1

5 7
M

ij
C

ij
a

ij

M
11

 = |7| = 7; C
11

 = (–1)1+1 |7| = 7

M
12

 = |5| = 5; C
12

 = (–1)1+2 |5| = –5

M
21

 = |1| = 1; C
21

 = (–1)2+1 |1| = –1

M
22

 = |2| = 2; C
22

 = (–1)2+2 |2| = 2

A

B
7 5

1 2
... (1)

B

B
7 1

5 2
.....(2)

(Adjoint)

A (adj .A)

(a) A

(b) (a)
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5.6

A
4 5

2 3
(Adjoint)

| |A
4 5

2 3
A

ij
a

ij

A
11

 = (–1)1+1(–3) = –3; A
21

 = (–1)2+1 (5) = –5

A
12

 = (–1)1+2(2) = –2; A
22

 = (–1)2+2 (–4) = –4

A

3 2

5 4
 ... (1)

(1) Adj A

AdjA
3 5

2 4

5.7

A

1 1 2

3 4 1

5 2 1

(Adjoint)

| |A

1 1 2

3 4 1

5 2 1

A
ij

|A| a
ij

A11

1 11
4 1

2 1
4 2 6( ) ( ) ; A12

1 21
3 1

5 1
3 5 2( ) ( )

A13

1 31
3 4

5 2
6 20 26( ) ( ) ; A21

2 11
1 2

2 1
1 4 3( ) ( )
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A22

2 21
1 2

5 1
1 10 11( ) ( ) ; A23

2 31
1 1

5 2
2 5 7( ) ( )

A31

3 11
1 2

4 1
1 8 9( ) ( ) ; A32

3 21
1 2

3 1
1 6 7( ) ( )

A33

3 31
1 1

3 4
4 3 1( ) ( )

A

6 2 26

3 11 7

9 7 1

Adj A

6 3 9

2 11 7

26 7 1

n A A (Adj A) = (Adj A) A = |A| I
n

I
n

n

(1) A
2 4

1 3

| |A
2 4

1 3
|A| = 2  3 – (–1)  (4) = 10

A
11

= 3; A
12

= 1; A
21

= –4 A
22

= 2

Adj A
3 4

1 2

A AdjA( )
2 4

1 3

3 4

1 2

10 0

0 10
10

1 0

0 1
2| |A I

(2) A

3 5 7

2 3 1

1 1 2

|A| = 3 (–6 – 1) –5 (4 – 1) + 7 (2 +3) = –1

A
11

= –7; A
12

= –3; A
13

= 5
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A
21

= –3; A
22

= –1; A
23

= 2

A
31

= 26; A
32

= 11; A
33

= –19

Adj A

7 3 26

3 1 11

5 2 19

A AdjA( )

3 5 7

2 3 1

1 1 2

7 3 26

3 1 11

5 2 19

1 0 0

0 1 0

0 0 1

1

1 0 0

0 1 0

0 0 1

3( ) | |A I

( )Adj A A

7 3 26

3 1 11

5 2 19

3 5 7

2 3 1

1 1 2

1 0 0

0 1 0

0 0 1

1

1 0 0

0 1 0

0 0 1

3( ) | |A I

A |A| = 0, A (Adj A) = O

5.2

1. (Adjoint)

(a)
2 1

3 6
(b)

a b

c d
(c)

cos sin

sin cos

2. (Adjoint)

(a)
1 2

2 1
(b)

i i

i i

A (Adj A) = (Adj A) A = |A| I
2
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3.

A (Adj A) = (Adj A)A = |A|I
3

A =

(a)

6 8 1

0 5 4

3 2 0
(b)

2 7 9

0 1 2

3 7 4

(c)

cos sin

sin cos

0

0

0 0 1

(d)

4 6 1

1 1 1

4 11 1

5.4 (Inverse of a Matrix)

A
a b

c d

B
x y

u v
AB = BA = 1

a b

c d

x y

u v

1 0

0 1

ax bu ay bv

cx du cy dv

1 0

0 1

ax + bu = 1 ay + bv = 0

cx + du = 0 cy + dv = 1

x
d

ad bc
y

b

ad bc
u

c

ad bc
, ,

v
a

ad bc

ad – bc  0

a b

c d
0
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B

d

ad bc

b

ad bc
c

ad bc

a

ad bc

B
ad bc

d b

c a

BA = I

B

B
ad bc

d b

c a A
AdjA

1 1

| |
... (1)

B A A–1

A B AB = BA = I,

B A

B =  A–1

ad – bc = 0, |A| = 0 , (1)

B (=A–1) A

A

B A = B–1

5.8 A
4 5

2 3

A
4 5

2 3

|A| = –12 – 10 = –22  0

A A

A–1

Adj A
3 5

2 4

A
A

AdjA1 1 1

22

3 5

2 4

3

22

5

22
1

11

2

11

| |
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5.9 A

3 2 2

1 1 6

5 4 5

A

3 2 2

1 1 6

5 4 5

|A| = 3 (5 – 24) –2 (–5 – 30) –2 (4 + 5)

= 3 (–19) –2 (–35) –2 (9)

= –57 + 70 – 18

= –5  0

A–1

A
ij

 a
ij

A11

1 11
1 6

4 5
5 24 19( )

A12

1 21
1 6

5 5
5 30 35( ) ( )

A13

1 31
1 1

5 4
4 5 9( )

A21

2 11
2 2

4 5
10 8 2( ) ( )

A22

2 21
3 2

5 5
15 10 5( )

A23

2 31
3 2

5 4
12 10 2( ) ( )
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A31

3 11
2 2

1 6
12 2 10( )

A32

3 21
3 2

1 6
18 2 20( ) ( )

A33

3 31
3 2

1 1
3 2 5( )

19 35 9

2 5 2

10 20 5

19 2 10

35 5 20

9 2 5

AdjA

A
A

Adj A1 1 1

5

19 2 10

35 5 20

9 2 5

19

5

2

5
2

7 1 4
9

5

2

5
1

| |

A–1A = AA–1= I
3
,

5.10 A
1 0

2 1
B =

2 1

0 1

(i) (AB)–1 (ii) B–1A–1 (iii) (AB) –1 = B–1A–1

(i) AB
1 0

2 1

2 1

0 1

2 0 1 0

4 0 2 1

2 1

0 3

| |AB
2 1

4 3
6 4 2 0

(AB)–1

AB C
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C
ij

|C| C
ij

C
11

= (–1)1+1(3) = 3

C
21

= (–1)2+1(1) = –1

C
12

= (–1)1+2(–4) = 4

C
22

= (–1)2+2(–2) = –2

Adj C( )
3 1

4 2

C
C

Adj C1 1 1

2

3 1

4 2

3

2

1

2
2 1| |

( )

C AB1 1

3

2

1

2
2 1

( )

(ii) B–1A–1 B–1

B B
2 1

0 1

2 1

0 1
2 0 2 0| |

B–1

B
ij

|B| b
ij

B
11

 = (–1)1+1(–1) = –1 B
21

 = (–1)2+1(1) = –1

B
12

 = (–1)1+2(0) = 0 B
22

 = (–1)2+2(–2) = –2

Adj B
1 1

0 2

B
B

Adj B1 1 1

2

1 1

0 2

1

2

1

2
0 1| |

A
1 0

2 1
| |A

1 0

2 1
1 0 1 0

A–1

A
ij

|A| a
ij

A
11

= (–1)1+1(–1) = –1 A
21

= (–1)2+1(0) = 0
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A
12

= (–1)1+2(2) = –2 A
22

= (–1)2+2(1) = 1

Adj A
1 0

2 1

A
A

Adj A1 1 1

1

1 0

2 1

1 0

2 1| |

B A1 1

1

2

1

2
0 1

1 0

2 1

1

2
1 0

1

2
0 2 0 1

3

2

1

2
2 1

(iii) (i) (ii)

( )AB B A1 1 1

3

2

1

2
2 1

(AB)–1= B–1A–1

5.3

1.

(a)
1 3

2 5
(b)

1 2

3 4
(c)

2 1

1 0

2.

(a)

1 0 2

2 1 3

4 1 2
(b)

3 1 2

5 2 4

1 3 2

(a)  (b)  A-1 A = AA -1 = 1
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3. A

1 2 3

0 1 4

3 1 5

B

2 1 0

1 4 3

3 0 2

(AB)–1= B–1A–1

4. (A )–1 A

1 2 3

0 1 4

2 2 1

5. A

0 1 1

1 0 1

1 1 0

B

b c c a b a

c b c a a b

b c a c a b

1

2

AB A–1

6. ( )

cos sin

sin cosx

x x

x x

0

0

0 0 1

[ ( )] ( )x x1

7. A
x

x

1

1

tan

tan
A A

x x

x x

1
2 2

2 2

cos sin

sin cos

8. A
a b

c
bc

a

1 aA–1= (a2+ bc + 1) I – aA

9. A

1 2 0

1 1 1

0 1 0

A–1=A2

10. A
1

9

8 1 4

4 4 7

1 8 4

A–1= AA
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5.5 (Solution of System of Linear

Equations)

5.5.1

AX = B A

(co-efficent Matrix)

a
1
x + b

1
y = c

1
a

2
x + b

2
x = c

2

a b

a b

x

y

c

c

1 1

2 2

1

2

A
a b

a b
X

x

y

1 1

2 2

, B
c

c

1

2

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

x

y

z

d

d

d

1 1 1

2 2 2

3 3 3

1

2

3

A

a b c

a b c

a b c

X

x

y

z

1 1 1

2 2 2

3 3 3

, B

d

d

d

1

2

3
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A  |A| = 0 A–1

AX = B A
a b

a b
X

x

y

1 1

2 2

, B
c

c

1

2

|A|  0, a
1
b

2
– a

2
b

1
 0, AX = B A–1

A–1(AX) = A–1B

 (A–1A) X = A–1B

 IX = A–1B ( )A A I1

 X = A–1B

A
a b a b

b b

a a

1

1 2 2 1

2 1

2 1

1
,

X
a b a b

b b

a a

c

c

1

1 2 2 1

2 1

2 1

1

2

x

y a b a b

b c b c

a c a c

1

1 2 2 1

1 1 1 2

2 1 1 2

b c b c

a b a b

a c a c

a b a b

2 1 1 2

1 2 2 1

2 1 1 2

1 2 2 1

x
b c b c

a b a b

2 1 1 2

1 2 2 1

y
a c a c

a b a b

1 2 2 1

1 2 2 1

5.11

4 3 11

3 7 1

x y

x y
 ...(i)

4 3

3 7

11

1

x

y
... (ii)



167

A X
x

y

4 3

3 7
, B

11

1

(ii)

AX = B ... (iii)

| |A
4 3

3 7
28 9 37 0

|A|  0, A–1

AX = B A–1

A–1(AX) = A–1B

(A–1A)X = A–1B

IX = A–1B

X = A–1B

X
A

Adj A B
1

| |
( )

x

y

1

37

7 3

3 4

11

1

1

37

77 3

33 4

x

y

1

37

74

37

x

y

2

1

x = 2, y = –1

5.12

2x – 3y = 7

x + 2y = 3

2 3

1 2

7

3

x

y
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AX = B ....(i)

A X
x

y

2 3

1 2
, B

7

3

| | ( )A
2 3

1 2
2 2 1 3

= 4 +3 = 7  0

A–1

Adj A( )
2 3

1 2

A
A

adj A1 1 1

7

2 3

1 2

2

7

3

7
1

7

2

7

| |
( )

... (ii)

(i) X = A–1B

X

2

7

3

7
1

7

2

7

7

3

x

y

23

7
1

7

x y
23

7

1

7
,

5.13

x y z

x y z

x y z

2 3 14

2 0

2 3 5
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1 2 3

1 2 1

2 3 1

14

0

5

x

y

z
 ...(i)

AX = B

A X

x

y

z

1 2 3

1 2 1

2 3 1

, B

14

0

5

X = A–1B ... (ii)

|A| = 1(2 –3) –2 (–1–2) + 3 (3 + 4)

= 26  0

A–1

Adj A

1 11 8

3 7 2

7 1 4

(ii) X A B
A

Adj A B1 1

| |

X
1

26

1 11 8

3 7 2

7 1 4

14

0

5

1

26

26

52

78

1

2

3

x

y

z

1

2

3
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x = 1, y = 2 z = 3

5.14

x + 2y + z = 2

2x – y + 3z = 3

x + 3y – z = 0

1 2 1

2 1 3

1 3 1

2

3

0

x

y

z

AX = B ... (i)

A X

x

y

z

1 2 1

2 1 3

1 3 1

, B

2

3

0

| | ( ) ( ) ( )A

1 2 1

2 1 3

1 3 1

1 1 9 2 2 3 1 6 1 9 0

A–1

AdjA

8 5 7

5 2 1

7 1 5

A
A

AdjA1 1 1

9

8 5 7

5 2 1

7 1 5
| |

(i) X = A–1B

x

y

z

1

9

8 5 7

5 2 1

7 1 5

2

3

0
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1

9

1

4

11

1

9
4

9
11

9

x y z
1

9

4

9

11

9
, ,

5.6 (Criterion for consistency of a

system of Equations)

AX = B

(1) |A|  0, X = A–

1B

(2) |A| = 0

(a) (Adj A) B  0,

(b) (Adj A) B = O,

‘n’ n

(a) 5x + 7y = 1

2x – 3y = 3

5

2

7

3

5 7

2 3

1

3

x

y

AX = B ... (i)

A X
x

y

5 7

2 3
, B

1

3
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|A| = 5  (–3) –2  7 = –15 – 14 = –29  0

A
A

AdjA1 1 1

29

3 7

2 5| |
... (ii)

( i ) X = A–1B

x

y

1

29

3 7

2 5

1

3

24

29
13

29

[(i) (ii) ]

x
24

29
y

13

29

(b) 3x + 2y = 7

6x + 4y = 8

3

6

2

4

7

8

3 2

6 4

7

8

x

y

AX = B

A X
x

y

3 2

6 4
, B

7

8

|A| = 3  4 – 6  2 = 12 – 12 = 0

AdjA
4 6

6 3

( )AdjA B O
4 6

6 3

7

8

20

18
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(c)
3 7

9 3 21

x y

x y

3

9

1

3

7

21

3 1

9 3

7

21

x

y

AX = B,

A X
x

y

3 1

9 3
; B

7

21

| | ( ) ( )A
3 1

9 3
3 3 9 1

= –9 + 9 = 0

AdjA
3 1

9 3

( )Adj A B
3 1

9 3

7

21

0

0
0

(i) |A| 0 (Adj A) B  O,

(ii) |A|  0 (Adj A) B = O,

x = y = z = 0

(iii) |A| = 0 (Adj A) B = O,

(iv) |A| = 0 (Adj A) B  O,
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|A| = 0 (AdjA) B  O

x + 2y + z = 5

2x + y + 2z = –1

x – 3y + z = 6

1 2 1

2 1 2

1 3 1

5

1

6

x

y

z

AX = B

A X

x

y

z

1 2 1

2 1 2

1 3 1

, B

5

1

6

| | ( )A C C

1 2 1

2 1 2

1 3 1

0 1 3

( )AdjA B

7 5 3

0 0 0

7 5 3

5

1

6

 [(Adj A) ]

58

0

58

O

 |A| = 0 (Adj A)B O

x

y

z
A

Adj A B
1

| |
( )
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58

0

58

0

|A| = 0 (Adj A)B O,

(i) |A| 0 (Adj A)B O

(ii) |A| 0 (Adj A)B = O,

(iii) |A| = 0 (Adj A)B = O,

(iv) |A| = 0 (Adj A)B O,

5.15

(i) 6x + 4y = 2 (ii) 2x – y + 3z = 1

9x + 6y = 3 x + 2y – 3z = 2

5y – 5z = 3

(i)

6 4

9 6

2

3

x

y

AX = B

A X
x

y

6 4

9 6
, B

2

3

| |A
6 4

9 6
6 6 9 4 36 36 0
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x = k 6k + 4y = 2 y
k1 3

2

x y

9 6
1 3

2
3k

k

18k + 6 – 18k = 6

6 = 6,

x = k, y
k1 3

2
  [k

1

(ii)

2x – y + 3z = 1 ... (1)

x + 2y – z = 2 ... (2)

5x – 5z = 3 ... (3)

2 1 3

1 2 1

0 5 5

1

2

3

x

y

z

AX = B

A X

x

y

z

2 1 3

1 2 1

0 5 5

, B

1

2

3

| |A

2 1 3

1 2 1

0 5 5

2
2 1

5 5
1

1 1

0 5
3

1 2

0 5

= 2(–10+5) + 1(–5–0) + 3(5–0)

= –10 – 5 + 15 = 0
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z = k (1) 2x – y = 1 – 3k;

(2) x + 2y = 2 + k

2x – y = 1 – 3k

x + 2y = 2 + k

2 1

1 2

1 3

2

x

y

k

k

A X
x

y

2 1

1 2
, B =

1 3

2

k

k

| |A
2 1

1 2
4 1 5 0

A–1

A
A

Adj A1 1 1

5

2 1

1 2

2

5

1

5
1

5

2

5

| |

X = A–1B

2

5

1

5
1

5

2

5

1 3

2

4

5
3

5

k

k

k

k

x k y k
4

5

3

5
, , k

x, y z (3)

5
3

5
5 3k k( )

5k + 3 – 5k = 3 3 = 3,
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x k y k
4

5

3

5
, z = k, k (Arbitrary)

5.7 (Homogeneous System of  Equations)

AX = B, B = O,

(i) x + 2y = 0 (ii) 2x + 5y – 3z = 0 (iii) 2x + y – 3z = 0

–2x + 3y = 0 x– 2y + z = 0 x – 2y + z = 0

3x – y – 6z = 0 3x – y – 2z = 0

(ii)

2x + 5y – 3z = 0

x – 2y + z = 0

3x – y – 6z = 0

(ii)

2 5 3

1 2 1

3 1 6

0

0

0

x

y

z

AX = O

A X

x

y

z

2 5 3

1 2 1

3 1 6

, B

0

0

0

|A| = 2(12+1) – 5 (–6 – 3) – 3(–1+6)

= 26 + 45 – 15

= 56 0
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B = O (Adj A)B = O

x

y

z
A

Adj A B O
1

| |
( )

x = 0, y = 0 z = 0

|A| 0 (Adj A)B = O

(iii)

2x + y – 3z = 0

x – 2y + z = 0

3x – y – 2z = 0

(iii)

2 1 3

1 2 1

3 1 2

0

0

0

x

y

z

AX = O

A X

x

y

z

2 1 3

1 2 1

3 1 2

, B

0

0

0

| | ( ) ( ) ( )A

2 1 3

1 2 1

3 1 2

2 4 1 1 2 3 3 1 6

= 10 + 5 – 15 = 0

B = O (Adj A)B = O
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x

y

z
A

Adj A B
1 1

0

0

0

0
| |

( )

2x + y = 3z

x – 2y = –z

x = z, y = z z = k, k (arbitrary)

x = k, y = k z = k

|A| = 0  (Adj A) B = O,

5.4

1.

(a) 2x + 3y = 4 (b) x + y = 7

x – 2y = 5 3x – 7y = 11

(c) 3x + 4y – 5 = 0 (d) 2x – 3y + 6 = 0

x – 2y + 6 = 0 6x + y – 8 = 0

2.

(a) x + 2y + z = 0 (b) 2x + 3y + z = 13

2x – y + 3z = 5 3x + 2y – z = 12

x + y – z = 7 x + y + 2z = 5

(c) –x + 2y + 5z = 2 (d) 2x + y – z = 2

2x – 3y +z = 15 x + 2y – 3y = –1

–x + y + z = =3 5x – y – 2z = –1



181

3.

(a) x + y + z = 0 (b) 3x –2y + 3z = 0 (c) x + y + 1 = 0

2x – y + z = 0 2x + y – z = 0 y + z – 1 = 0

x – 2y + 3z = 0 4x – 3y + 2z = 0 z + x = 0

4.

(a) 2x – 3y = 5 (b) 2x – 3y = 5

x + y = 7 4x – 6y = 10

(c) 3x + y + 2z = 3 (d) x + 2y – 3z = 0

–2y – z = 7 4x – y + 2z = 0

x + 15y + 3z = 11 3x + 5y – 4z = 0

A i j

a
ij

(minor) M
ij

a
ij

C
ij
 = (–1)i+jM

ij

A

A (Ad joint)

A n

A(Adj A) = (Adj A)A = |A| I
n
, I

n

A B

AB = BA = I, B A B = A–1

a
1
x + b

1
y = c

1
a

2
x + b

2
y = c

2

a b

a b

x

y

c

c

1 1

2 2

1

2
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A
a b

a b
X

x

y

1 1

2 2

, B
c

c

1

2

X A B
a b a b

b b

a a

c

c

1

1 2 2 1

2 1

2 1

1

2

1

AX = B

|A| 0

AX = B |A| = 0 (Adj A)

B O

AX = B

|A| = 0 (Adj A) B = O

AX = B B

AX = 0 x
1
 = x

2
 = ...

x
n
 = 0 |A| 0

AX = 0 |A| = 0

http://www.wikipedia.org

http://mathworld.wolfram.com

1. |A|

(a) A

1 2 3

3 1 0

2 5 4

(b) A

1 3 4

7 5 0

0 1 2
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2. A (Adjoint)

(a) A

2 3 7

1 4 5

1 0 1

(b) A

1 1 5

3 1 2

2 1 3

(a) (b)

A(Adj A) = |A| I
3
 = (Adj A) A.

3. A–1

(a)
3 6

7 2
(b)

2 1

3 5
(c)

3 5

4 2

(a), (b) (c) (A )–1 = (A–1)

4. A

(a) A

1 0 0

3 3 0

5 2 1

(b) A

1 2 0

0 3 1

1 0 2

5.

(a) x + 2y = 4 (b) 6x + 4y = 2

2x + 5y = 9 9x + 6y = 3

(c) 2x+y+z=1 (d) x – y + z = 4

x y z2
3

2
2x + y – 3z = 0

3y – 5z = 9 x + y + z = 2

(e) x + y – 2z = –1

3x – 2y + z = 3

2x + y – z = 0

6.

2 3 10
4

4 6 5
1

8 9 20
3

x y z x y z x y z
; ;
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7. (Non-trival)

3x + 2y + 7z = 0

4x – 3y – 2z = 0

5x + 9y + 23z = 0

8.

(a) x + y – z = 0 (b) x + 2y – 2z = 0

x – 2y + z = 0 2x + y – 3z = 0

3x + 6y – 5z = 0 5x + 4y – 9z = 0

9. ‘p’ (non-trivial)

x + 2y + z = px

2x + y + z = py

x + y + 2z = pz

10.

2x – 3y + 4 = 0

5x – 2y – 1 = 0

21x – 8y +  = 0
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5.1

1. (a) –12 (b) 10 2.(a) (b)

3. (a) M
11

 = 4; M
12

 = 7; M
21

 = –1; M
22

 = 3

(b) M
11

 = 5; M
12

 = 2; M
21

 = 6; M
22

 = 0

4. (a) M
21

 = 11; M
22

 = 7; M
23

 = 1

(b) M
31

 = –13; M
32

 = –13; M
33

 = 13

5. (a) C
11

 = 7; C
12

 = –9; C
21

 = 2; C
22

 = 3

(b) C
11

 = 6; C
12

 = 5; C
21

 = –4; C
22

 = 0

6. (a) C
21

 = 1; C
22

 = –8; C
23

 = –2

(b) C
11

 = –6; C
12

 = 10; C
33

 = 2

5.2

1. (a)
6 1

3 2
(b)

d b

c a
(c)

cos sin

sin cos

2. (a)
1 2

2 1
(b)

i i

i i

5.3

1. (a)
5 3

2 1
(b)

4

10

2

10
3

10

1

10

(c)
0 1

1 2

2. (a)

1

5

2

5

2

5
8

5

6

5

1

5
2

5

1

5

1

5

(b)

1

3

1

3

1

3
7

12

1

3

1

12
17

24

1

3

11

24
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4. (a) ( )A 1

9 8 2

8 7 2

5 4 1

5.4

1. (a) x y
23

7

6

7
,

(b) x = 6, y = 1

(c) x y
7

5

23

10
,

(d) x y
27

30

13

5
,

2. (a) x y z
58

11

2

11

21

11
, ,

(b) x = 2, y = 3, z = 0

(c) x = 2, y = –3, z = 2

(d) x = 1, y = 2, z = 2

3. (a) x = 0, y = 0, z = 0

(b) x = 0, y = 0, z = 0

(c) x = 0, y = 0, z = 0

4. (a) x y
26

5

9

5
,

(b)

(c)

(d) x = y = z = 0
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1. (a) –31

(b) –24

2. (a)

4 3 13

4 5 3

4 3 5

(b)

1 8 7

13 13 13

5 1 4

3. (a)

1

18

1

6
7

36

1

12

(b)

5

7

1

7
3

7

2

7

(c)

1

7

5

14
2

7

3

14

4. (a)

1 0 0

1
1

3
0

3
2

3
1

(b)

3

2
1

1

2
1

4

1

2

1

4
3

4

1

2

3

4
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5. (a) x = 2, y = 1

(b) x = k, y k
1

2

3

2

(c) x = 1, y z
1

2

3

2
,

(d) x = 2, y = –1, z = 1

(e) x y z
1

2

1

2

1

2
, ,

6. x = 2, y = 3, z = 5

7. x  = –k, y = –2k, z = k

8. (a) x = k, y = 2k, z = 3k

(b) x = y = z = k

9. P = 1, –1, 4

10. = –5


