
    DETERMINANTS

BapJw

kwJy-I-fpsS hn\ym-k-amWv am{SnIvkv F¶v \n§Ä a\-Ên-em-¡n. F¶mÂ ka-N-Xp-cm-

Ir-Xn-bnÂ hn\y-kn-¨n-cn-¡p¶ Hcp am{SnIvkpambn _Ô-s¸-Sp-¯p¶ kwJy-bmWv

UnäÀan-\â v.

A F¶ ka-N-Xp-cm-Ir-Xn-bn-epÅ am{SnIvknsâ UnäÀan-\âns\ A  sImt­m det(A)

sImt­m kqNn-̧ n-¡p-¶p.

2x2 am{SnIvknsâ UnäÀan-\â v

a
A

c


 


  
b
d




 F¦nÂ A ad bc 

3x3 am{Sn-Ivknsâ UnäÀan-\â v

a
A d

g


 


  

b
e
h

  

c
f
a






 F¦nÂ

A   a 
e
h




 
f
a




 - b  
d
g




 
f
a




 + C 
d
g




 
e
h




kwJy-I-fpsS {Inb-I-fp-ambn _Ô-s¸« Nne kqN-\-IÄ

k¦-e\w

 +ve + +ve = +ve

-ve + -ve = -ve

hn]-coX NnÓ-§fpÅ kwJy-IÄ Iq«p-t¼mÄ tIh-e-hne hep-XnÂ \n¶v tIh-e-hne

sNdpXv Ipd¨v tIh-e-hne hep-Xnsâ NnÓw Fgp-Xp-I.

DZm:þ þ8+2 = --þ(8þ2) = -þ6

9+-- þ4 = 9-þ4 = 5

hyh-I-e\w

Ipd-t¡­ kwJy-bpsS NnÓw amän Iq«pI

DZm:þ 10-þ-þ2= 10+2 = 12

(--þ4) -þ(-þ9) = þ4+9=9-þ4 = 5

KpW\w

(+ve)x(+ve) = +ve

(+ve)x(-ve) =-ve



(-ve)x(+ve) =-ve

(-ve)x(-ve)=+ve

lcWw

ve ve
ve


 



ve ve
ve


 



ve ve
ve


 



ve ve
ve


 



`n¶-kw-Jy-IÄ

a
b  F¶ cq]-̄ n-epÅ kwJy-I-fmWv `n¶-kw-Jy-IÄ.

(a bpw b bpw ]qÀ®-kw-Jy-I-fm-bn-cn-¡-Ww)

]qÀ®-kw-Jybpw `n¶-kw-JybmWv.

DZm:--þ 
55
1



{Inb-IÄ

k¦-e\w: tOZw kam-\-am-sW-¦nÂ D¯-c-̄ nsâ tOZw s]mXp-hmb tOZhpw Awiw

Awi-§-fpsS XpI-bpw.

DZm:þ 
2 4 2 4 6
7 7 7 7


  

tOZw hyXy-kvX-§-fm-sW-¦nÂ

a c ad bc
b d bd


   (t{Imkv KpW-\w)

DZm:þ 
4 5 (4)(11) (5)(9) 44 45 89
9 11 (9)(11) 99 99

 
   

KpW\w

Awi-§Ä X½nepw tOZ-§Ä X½nepw KpWn-¡p-I.

.

.


a c a cx
b d b d

lcWw

Awihpw tOZhpw ]c-kv]cw amän KpWn-¡pI

a c a d adx
b d b c bc
  



Hcp {XntIm-W-̄ nsâ hnkvXoÀ®w

Hcp {XntIm-W-̄ nsâ ioÀj-§Ä (vertices) (x1,y1), (x2,y2), (x3,y3) F¦nÂ hnkvXoÀ®w

1

2

3

½

 


x
x
x

 

1

2

3

y
y
y

 

1
1
1






ssa\dpw tIm^m-IvSdpw (Minor and cofactor)
aij F¶ ]Z-̄ nsâ ssa\-dns\ Mij sIm­p kqNn-̧ n-¡p-¶p. aij F¶ ]Z-̄ nsâ

tIm^m-IvS-dns\ Aij sIm­p kqNn-̧ n-¡p-¶p.

Mij In«m³ aij \nÂ¡p¶ row bpw column Dw Hgn-hm-¡n-¡n-«p¶ am{Sn-Ivknsâ UnäÀan-\â v

I­mÂ aXn.

Aij In«m³ Aij=(-1)i+j Mij F¶ formula D]-tbm-Kn-¡p-I.

kqN\: (þ1)sâ IrXn Hä-kw-Jy-bm-sW-¦nÂ þ1Dw Cc-«-kw-Jy-bm-sW-¦nÂ 1Dw BWv.

am{Sn-Ivknsâ AUvtPm-bnâ v

Aij F¶Xv aij F¶ ]Z-̄ nsâ tIm^m-IvSÀ F¦nÂ,

11

21

31

a
A a

a


 


 

12

22

32

a
a
a

 

13

23

33

a
a
a






 F¶ am{Sn-Ivknsâ AUvtPm-bnâ vv

adj  

11

12

13

A

A A
A




 



 

21

22

23

A
A
A

 

31

32

33

A
A
A






kq-N\: A bnse H¶m-as¯ row bnse ]Z-§-fpsS cofactor I­v column Bbn-«mWv adjA

In«m³ Fgp-tX-­-Xv.

am{Sn-Ivknsâ C³thgvkv (inverse) ImWm-\pÅ formula.

0A   F¦nÂ A-1 = 
1 adjA
A

System of linear equation \nÀ[m-cWw sN¿p-¶-hn[w

Xmsg-]-d-bp¶ Sysytem of linear equation ]cn-K-Wn-¡p-I.

a1 x+b1y = c1

a2 x+b2y = c2

CXns\ am{SnIvkv cq]-̄ nÂ C§s\ Fgp-Xmw.

1

2

a
a




 
1

2

b
b



 

x
y
 
 
 

 = 
1

2

c
c
 
 
 



1

2

a
a




 
1

2

b
b




 s\ A  F¶pw 
x
y
 
 
 

 sb X F¶pw 
1

2

c
c
 
 
 

 sb B F¶pw hnfn-̈ mÂ,

AX=B F¶v In«pw.

A-1 I­v A-1 s\ B sIm­v KpWn-¡p-I.

A-1B F¶ am{SnIvkv 
1

2

x
y
 
 
 

 F¶ cq]-̄ nÂ Bbn-cn-¡pw.

At¸mÄ 
1

2

x x
X

y y
   

    
   

 F¶v In«pw.

AXp-sIm­v x=x1 F¶pw y=y1 F¶pw In«p-¶p.

0A   F¦nÂ am{Xta Cu coXn-bnÂ \nÀ[m-cWw sN¿m³ Ign-bp-I-bp-Åq.

DZm:þ Evaluate the determinant 

3
1
2
  

4
1
3



 

5
2

1


Solution

3
1
2
  

4
1
3



 

5
2

1


 = 3 
1
3  

2
1


 -----4  
1
2  

2
1


 + 5 
1
2  

1
3

(Expansion along Ist Row)

     1(1) 3( 2) 4 1(1) 2( 2) 5 1(3) 2(1)       

 3 1 6 4 1 4 5 3 2            

     3 1 6 4 1 5 5 3 2     

3(7) 4(6) 5(1)
21 24 5
50

  
  


Find the area of the triangle with vertices at the point given in (1,0), (6,0), (4,3)

Solution
Area of the triangle with vertices (x1,y1), (x2,y2) and (x3,y3)

is 

1

2

3

½
x
x
x

   

1

2

3

y
y
y

 

1
1
1



Here (x1, y1) = (1,0)
(x2,y2) = (6,0)
(x3, y3) = (4,3)

1
½ 6

4
Area  

 

0
0
3
 

1
1
1

 
 

½ 1(0 3) 0 1(18 0)
½ 3 18
    

  

½ (15)
15
2





Show that the points
A(a,b+c), B(b, c+a), C(c, a+b) are collinear.

Solution
Three points (x1,y1), (x2,y2) and (x3,y3) are collinear

if 

1

2

3

x
x
x

 

1

2

3

y
y
y

 

1
1
1

 = 0

Here 1 1( , )x y = (a, b+c)

2 2( , )x y  = (b, c+a)

3 3( , )x y  = (c, a+b)

1

2

3

x
x
x

 

1

2

3

y
y
y

 

1
1
1

 = 

a
b
c
  

b c
c a
a b





  

1
1
1

= 

a b c
b c a
c a b

 
 
 

  

b c
c a
a b





 

1
1
1

 C1   C1+C2

= (a+b+c) 

1
1
1
  

b c
c a
a b





 

1
1
1

= (a+b+c)x0    (C1=C2) Bb-Xp-sIm­v

= 0   The given points are collnear..



Find the equation of the line joining (1,2) and (3,6) using determinants.

Solution
Let (x, y) be any point in the line joining (1,2) and (3,6) then,

1
3

x

 2
6

y

 

1
1
1

 = 0

ie, x (2-6) - y (1-3) + 1 (6-6) = 0

ie, x(-4) -y (-2) + 0 = 0

ie, -4x + 2y = 0

ie, 2x-y = 0

]cn-io-e\w

I Find the determinant of the following matrices.

1.
1
3   

2
4

2.
1

3


 
2

5


3.
1

6


 
4

5

4.  

1
3
2
 

1
4

5




 

2
6
7

5.

0
3

2


 

1
2
1



 

3
5
1

II Find the areas of the triangle whose vertices are given as
a) (1, 2), (1, 4), (2, 6)

b) (0, 0), (1, 1), (2, 2)

c) (-1, 1), (-2, 4), (0, 5)



III Find the equation of the line joining (3,11) and (9,3)

Eg:- Write the minor and cofactors of the elements of the determinants  
2
0  

4
3


M11 = 3 A11 = (-1)1+1 M11 = 3

M12 = 0 A12 = (-1)1+2 M12 = 0

M21 = -4 A21 = (-1)2+1 M21 = (-1) (-4) = 4

M22 = 2 A22 = (-1)2+2 M22 = 2

Eg:- Write the minors and cofactors of the elements of the determinant.

1
3
0

  

0
5
1

  

4
1

2


M11 = 
5
1  

1
10 ( 1) 11

2


    A11 = (-1)1+1 M11=11

M12 = 
3
0   

1
6 0 6

2


   A12 = (-1)1+2 M12 = (-1)6=-6

M13 = 
3
0  

5
3 0 3

1
   A13 = (-1)1+3 M13 = 3

M21 = 
0
1  

4
0 4 4

2
    A21 = (-1)2+1 M21- (-1) (-4)=4

M22 = 
0
1  

4
2 0 2

2
   2+2

22 22A  = (-1)  M  = (1)(2) = 2

M23 = 
1
0  

0
1 0 1

1
   A23 = (-1)2+3 M23 = (-1) (1) = -1

M31 = 
0
5  

4
1 A31 = (-1)3+1 M31 = -20

M32 = 
1
3  

4
1 12 13

1
    

 A32 = (-1)3+2 M32 = (-1) (-13) = 13



Adjoint of a Matrix
The adjoint of a Square Matrix A=(aij) nxn is defind as the transpose of the matrix (Aij) nxn .
Above Aij  is the cofactor of element aij. Adoint of the matrix. It is denoted by adj.A.

Let 
11 12 13

21 22 23

31 32 33

a a a
A a a a

a a a

 
   
 
 

 then

adj A = transpose of 
11 12 13

21 22 23

31 32 33

A A A
A A A A

A A A

 
 

  
 
 

11 21 31

12 22 32

13 23 33

A A A
adj A A A A

A A A

 
 

  
 
 

Eg: Find adj A for 
2 3
1 4

A  
  
 

A11 = (-1)1+1 4=4, A12 = (-1)1+2 1=-1
A21 = (-1)2+1.3 = -3,            A22  = (-1)2+2. 2=2

Cofactor Matrix = 
11 12

21 22

A A
A A
 
 
 

 
4 1

3 2
 

   

adjA 
4 3

1 2
 

   

Remark: For a square matrix of order 2, given by 
11 12

21 22

a a
A

a a
 

  
 

The adj A can also be obtained by interchanging a11 and a22 and by changing the signs of a12
and a21.

22 12

21 11

a a
Adj A

a a
 

   

eg: If 
1 2
3 4

A
 

   
 then 

4 2
3 1

adj A
 

   
Theorem

If A is any square matrix of order n, then A.adj A = adj of A = A I .
Above I is the square matrix.



Singular and Non Singular Matrix

A square matrix A is said to be singular if 0A 

eg:- 
2 3
4 6

A  
  
 

 hence 12 12 0A   

A is non singular..

Non Singular

A singular matrix A is said to be non singular of 0A  .

Eg:- 
1 2
3 4

A  
  
 

 then 4 6A    = -2 0

Hence A is non Singular.

Inverse of a Matrix
Let A be a square matrix of order m. If we can find a square matrix B of order m such that AB =
BA = I  then B is called the inverse of A and it is denoted by A -1. Inverse of matrix is unique.

Necessary and sufficient condition for Inverse
A square matrix has inverse iff it is non singular

ie, 1A  exists  0A 
Let A is square matrix.

Then 1 adjAA
A

 

Examples

1) Find A-1, for 
1 2
3 4

A  
  
 

Solution

We have 
1 2
3 4

A 

= 4 6
= -2

adj A = 
4 2

3 1
 

  

1 1 .A adjA
A





=
4 -21
-3 12
 
 
 

x

4 2
2 2

1 13 1
2 2

  
 

  
   

x x

2 1
3 1
2 2

 
   
 

2) If 

1 3 3
1 4 3
1 3 4

A
 
   
  

 then verify that A.adjA = .A I . Also find AA-1.

Solution

A = 1(16-9)-3 (4-3)+3(3-4)

1 0 
Now A11=7, A12=-1, A13=-1, A21 = -3,
A22=1, A23=0, A31=-3, A32=0. A33=1

7 3 3
1 1 0
1 0 1

A
  

    
  

A.adj A = 

1 3 3 7 3 3
1 4 3 1 1 0
1 3 4 1 0 1

    
      
      

= 

7 3 3 3 3 0 3 0 3
7 4 3 3 4 0 3 0 3
7 3 4 3 3 0 3 0 4

        
         
         

=

1 0 0 1 0 0
0 1 0 1 0 1 0
0 0 1 0 0 1

   
      
      

A-1 = 
1
1

adjA
A



7 3 3
1 1 0
1 0 1

  
  
  

= 

7 3 3
1 1 0
1 0 1

  
  
  



Application of Determinants and Matrices
Consistent Equation

A system of equations is said to be consistent if it has a solution.
Inconsistent System

A system of equations is said to be inconsistent if its solution does not exist.

Solution of system of Linear Equations
Consider the system of Equations

1 1 1 1

2 2 2 2

3 3 3 3

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

  
  
  

The system of equations can be represented as Ax=B where,

1 1 1 1

2 2 2 2

33 3 2

, ,
a b c x d

A a b c X y B d
z da b c

     
            
         

If A is no non singular then we have A-1 exists.
AX = B
Multiplying on both sides to the left.

A-1(AX)=A-1B
(A-1A)X = A-1B
IX = A-1B

X = A-1B

By using A-1 we can solve the system of equations. This method of finding solutions of system of
equations is called matrix method.

Examples
Solve the system of Equations using matrix method

2 5 1
3 2 7

x y
x y
 
 

then 
2 5 1

, ,
3 2 7

x
A X B

y
     

       
     

Then system can be represented as



AX = B
Then X= A-1B

1 adjAA
A

 

 
2 5

4 15 11
3 2

A     

Adj.A = 
2 5

3 2




A-1 = 
2 51

3 211
 

  
X = A-1B

=
2 5 11

3 2 711
   

      

= 
2 351

3 1411
  

   

=
331

1111
 
 
 

ie, 
3133
111

x
y

               
x

3, 1x y   

Example
Solve the system of Equations

2 3 10 4
x y z
  

4 6 5 1
x y z
  

6 9 20 2
x y z
  

The system of equations can be represented as AX=B



1

2 3 10 4
14 6 5 1

6 9 20 2
1

x

A X B
y

z

 
 

    
           
       

 
  

X = A-1B
A11 = 75 A12= 110 A13 = 72
A21=150 A22 = -100 A23 = 0
A31=-45 A32=50 A33=-24

75 150 45
. 110 100 50

72 0 24
adj A

 
   
  

1 adjAA
A

 

     2 120 45 3 80 30 10 36 36A       
=2x75 - 3x-110+72x10
= 540

= 
1

75 150 45
1 110 100 50

540
72 0 24

A 

 
   
  

X = A-1B

= 

75 150 45 4
1 110 100 50 1

540
72 0 24 2

   
      
      

= 

2
3
5

 
 
 
  

2, 3, 5x y z  



UNIT TEST
Time : 40 mts Max.Marks : 20

1) If the matrix 

1 7 5
0 2 3
0 4 x

 
 
 
  

 is not inversible then x  ..............

2) Le A be a 3x3 matrix with 3A   then 2 .............A 

3) If 
3

5
5 2
x

 then .................x 

4) Let A be a Non Singular Matrix of order 3x3. Then adj A  is equal to ..............

(a.  A      b.  2A     c.  3A    d.  3 A )

5)

2 7 5
6 21 15 ................
5 9 86

 (one each)

6) Let 
2 5
3 2

A  
  
 

a) Find A (1)
b) Find adj A (1)
c) Find A-1 (1)
d) Using A-1 solve the system equations (2)

2 5 1
3 2 7

x y
x y
 
 

7) Using properties of determinant

a) Show that 

2

2 2 2 2

2

4
a ab ac

ba b bc a b c
ca cb c



 


(2)

b) Using determinant, Find the equation of line joining (1,2) and (3,6) (2)

8) Let 

2 3 5
3 2 4
1 1 2

A
 

   
  

a) Find A (1)



b) Find adj A. (2)
c) Find A-1 (1)
d) Solve the system of Equations

2 3 52 11
3 2 4 5

2 3

x y
x y z

x y z

  
   
   

(2)


