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10.1 INTRODUCTION

In the previous unit, we have discussed matrices, types of matrices and
determinants of square matrices of orders 1, 2, 3 and higher orders. We have
also discussed minors, cofactors of square matrices and properties of
determinants.

In this unit, we will learn some applications of matrices and determinants such
as solutions of simultaneous linear equations by using matrix method and
Cramer’s rule.

Objectives
After completing unit, you should be able to:

find the adjoint of a square matrix;
find the inverse of a square matrix;
solve the simultaneous linear equations with the help of matrix methods; and

solve the simultaneous linear equations with the help of Cramer’s rule.

Application of Matrices
and Determinants

10.2 ADJOINT OF A MATRIX

In next section, i.e. Sec.10.3, we will discuss inverse of a square matrix. But in order
define inverse of a square matrix we use the concept of adjoint of the square matrix, so

in this section we are going to discuss adjoint of the square matrix.

Adjoint of a Matrix: Let A =[a;] ., be a square matrix of ordernxn, then adjoint of

A is denoted by adjA and is defined as

adjA =

Anl An2 An3 Ann_

where A;; denotes the cofactor of (i,j)™ element of the matrix A.
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It may be verified that A(adjA) = (adjA) A = |A[ I,
where | is an identity matrix of order n.

il 2 3
Example 1: Find the adjA, where A=|-4 5 0].
-1 -2 1

Also verify that A(adjA) = (adjA)A= |A|l.

1 2 3
Solution: A={-4 5 0
-1 -2 1

Let A;; denotes the cofactor of (i, j)™ element of the matrix A.
5 0
-2 1
0
11
4 5
1 -2
3
1

. All = (_1)1+1

|=(—1)2(5—0)=5

AlZ = (—1)1+2

|=(—1)3(—4—0)=4

Ay = (—1)1+3

| =(-1)*(8+5)=13

2
A — _1 2+1
21 ( ) _9

13
) 1|_( D*(+3)=4

| =(-1)3@+6)=-8

Ay = (—1)2+2

1
Azs = (—1)2+3

22| =(-1)°(-2+2)=0

-1 -
2 3
Ay = (-1 " o| = (-1)*(0-15)=-15
N 3+2 1 3_ 5 _
o = (1) 40 =(-1)°(0+12) =12

Ag = (—1)3+3 _1 4 é
5 4 13] [5 -8 -15
~adjA=| -8 4 0|=|4 4 -12
-15 -12 13 13 0 13

To verify A(adjA) = (adjA)A= |A|I, we proceed as follows

|= (-1)°(5+8) =13

1 2'C3
Al=k-4 5 0
-1 -2 1

Expanding along C,
|A|=3(8+5)-0+1(5+8) =39+13=52 ... (1)



1 2 3||5 -8 -15 Application of Matrices
A@djA)=|-4 5 0f|4 4 -12 and Determinants
-1 -2 1({13 0 13
5+8+39 -8+8+0 -15-24+39| |52 0 O
={-20+20+0 32+20+0 60-60+0 |[=|0 52 O
-5-8+13 8-8+0 15+24+13 0 0 52
100
=520 1 0|=52I=|All .. (2) [Using (1)]
0 01
5 -8 -15(11 2 3
(adjA)A=|4 4 -12||-4 5 0
13 0 13| -1 -2 1
5+32+15 10-40+30 15-0-15| (52 0 O
=14-16+12 8+20+24 12+0-12|=|0 52 0
13+0-13 26+0-26 39+0+13 0 0 52
100
—520 1 0|=521=|A]l .. (3)
0 01
From (2) and (3), we have A(adjA) = (adjA)A= |A|l

Now, you can try the following exercise.

2
E1)IfA= L L }then verify that A (adjA) = (adjA) A =|Al,.

10.3 INVERSE OF A MATRIX

You are familiar with the concept of the multiplicative inverse of a real
number.

e.g. you know the multiplicative inverse of 5, %,etc.

Multiplicative inverse of 5 is E and ofg isg, etc. |- 5><1 :1,g><§ =1
5 3 2 5 3 2

i.e. when a number is multiplied with its multiplicative inverse, it gives 1.
Similarly, in case of matrices, when a square matrix is multiplied with its
multiplicative inverse, it gives identity matrix (I). That is, in case of matrices,
identity, matrix plays the role as 1 plays in case of real numbers.

Inverse of a Matrix

Let A be a square matrix of order n. If there exists a square matrix B of order n
such that
AB =BA = |, then B is known as inverse of A and is denoted by Al

As verified above that A(adjA) = (adjA)A = [All,
- AadjA) = |Al
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and Collection of Data = Al —(adjA) | = |, provided |A| =0

A
Now, by definition of inverse of a matrix, |—i|(ade) is inverse of A.
ie. A= 1 (adjA)
B A

Properties of Inverse of a Matrix

(i) The inverse of a square matrix, if exists is unique.
(i) A'exists if and only if |A[=0.

(i) (A7) =(A)*

(iv) (AB)*=B"'A"

To find inverse of a square matrix use following steps
| Find |A|

Il If |A] = 0 then A'does not exists.

11 I |A %0 then find adjA and A =|%|(ade).
4 2 3
Example 2: Find A, where A= [0 -1 -2
5 -3 6
4 2 3
Solution: A=|0 -1 -2
5 -3 6

|A|=4(-6-6)—2(0+10)+3(0+5)= —48-20+15=-53%0
- A texists.

Let A;; denotes the cofactor of (i, j) ™ element of the matrix A.
LA = ()(-6-6)=-12, A, = (-)?(0+10)=-10

A =(-1)"*(0+5) =5, A, =(-)**12+9) =-21

A, =(-1)%2(24-15) =9, A, =(-1)**(-12-10)=22
Ay = (D> (-4+3)=-1, A,=(-1)"*(-8-0)=8
Ags=(-1)**(-4-0)=—4

12 -10 57 [-12 -21 -1
~adjA=|-21 9 22|=|-10 9 8
1 8 -4 5 22 -4
12 -21 -1
and At =1 (adjA)=——|-10 9 8
A -53
5 22 -4
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Here is an exercise for you. Application of Matrices
and Determinants

2 3 1 4
E 2) For Az{ . 4] B =L 2},verify the result (AB)'=B"A™".

10.4 APPLICATION OF MATRICES
Matrix Method

Inverse of a matrix can be used to solve a system of linear simultaneous equations.
Consider a system of n equations in n unknowns X,,X,,Xs,...,X, given below.

Ay Xy 89Xy +.. 8y X, =D,

Ay Xy + 80Xy +ot A X, =D,

This system of equations can be written in matrix form as

a1 8 . 81 || X b,

8y App . Apy || Xy b,
= Q)

an1 an2 ann__Xn_ _bn_

Or AX=B
d;1 g a1y Xy b,
dy1 Ay asp Xy b,

\where A=|  X=| " |,B=

|8y 8y e Ap | | X, | | b, |

Ifn=3X; =X, X, =Y, X3 =2, then (1) reduces to
dpp ap A3 || X b,
Qy Ay Ay |Y|[=|b;
d3; a3 dzz] |7 bs

Or AX=B .. (2
Oor X=A"'B ... 3)
1 - _1 1 -
Or X =—(adjA)B AT =—(adjA
A A )
Or |AX = (adjA)B .. (4

If |A| =0, then A*does not exist. In this case, the given system of equations
either has no solution or infinitely many solutions. In this case, we find



Matrices, Determinants (adjA)B. If (adjA)B = O, then system has infinitely many solutions
and Collection of Data [ inthis case, (4) = 0X = (adjA)B

which holds for all matrices X, i.e.
| forallrealvaluesof x, y, z.

and if (adjA)B = O, then system has no solution.

[--inthiscase, L.H.S.of (4)= O = null matrix
| but R.H.S.of (4)=non zero matrix.

Above discussion can be summarised in the following diagram.

Matrix Method to solve the system AX =B

Find |A|
v ‘l’
If |A| =0, then system has A[=0
unique solution and given
by X=A"'B ¥
If (adjA)B = O, If (adjA)B = O,
then systems has then system has
no solution infinite solutions
and obtained by
putting x or y or z
equal to k, where
k is any real
number
Remark 1:
Consistent system: A (i) If B =0, i.e.if B is null matrix, then system given by (2) reduces to
system of equations is AX =0 and is known as linear homogeneous system of equations.

said to be consistent if (i) Homogeneous system is always consistent.
there is either unique

solution or infinite Let us explain this method with the help of following example.
number of solutions.

Inconsistent system: Example 3: The cost of 2 pens, 3 note-books, and 1 book is Rs 90. The cost of

If system has no 1 pen, 4 note-books and 2 books is Rs 120. The cost of 2 pens, 4 note-books
solution then it is and 5 books is Rs 205. Find the cost of 1 pen, 1 note-book and 1 book by
known as inconsistent matrix method.

system.

Solution: Let Rs X, y, z be the cost of 1 pen, 1 note-book and 1 book
respectively, then according to given

2x+3y+z=90

X+4y+2z2=120

2x+ 4y + 5z = 205

In matrix form this system can be written as
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. (1)

Expanding along R,
|A|=2(20-8)-3(5-4) +1(4-8)
=24-3-4=17%0
- A7 exists.
Let Aj; denotes the cofactor of (i, j)™ element of the matrix A.
~AL =) (20-8) =12
Ap =(-D)"**(5-4)=-1
A =(-D)"(4-8)=—4
A, =(-)*"(15-4)=-11
A, =(-1)*?(10-2)=8
Ay = (—1)2+3 (8-6)=-2
Az = (—1)3+1 (6-4)=2
Ay =(-1)**(4-1)=-3
Agg = (—1)3+3 (8-3)=5
7 ISR IR

adjA=|-11 8 -2|=/-1 8 -3
2 -3.,5 -4 -2 5
12 -11 2
4 1, . 1
A7 =—(adjA)=—|-1 8 -3
|A| 17
-4 -2 5

12 -11 27[90
Equation (1) :>X=A‘18=% -1 8 -3/120
-4 -2 5 ||205
10801320+ 410 170] [10
~ 11 _90+960-615 |=-1|255|=|15
17 17
—360—240+1025 425| |25

X 10
=|y|=|15
Z 25

By definition of equality of two matrices, we have
x=10,y=15,2=25
.~.costs of 1 pen, 1 note-book and one book are Rs 10, Rs 15, Rs 25, respectively.

Application of Matrices
and Determinants
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Example 4: Solve the following system of equations:

(i) 4x+2y =6 (i) 3x+6y—-4z=3, 3x-z=0,
6x+3y=8 12x - 6y-z=-3
Solution:
(i)  Given system of equations is
4Xx+2y=6 .. (1)
6x+3y=8 .. (2)

This system of equations can be written is matrix form as

s o)l
OrAX=B  ...(3) where A{: 2}’ - :H B:m

4 2
|A|:‘ |=12—12=o
6 3

— system has either no solution or infinite many solutions.
Let A; denotes the cofactor of (i, )" element of the matrix A.

AL =(-1)7(3)=3, A,=(-1)"(6)=-6

An=(-1)7(2)=-2 A, =(-1)"(4)=4
aoleZD2 —ﬂl{ _36 ﬂ

3 -2||6 18-1 2
(adjA)B = _| 1816 1 # O = null matrix
-6 4|8 -36+32 —4

Hence system has no solution.
i.e. given system of equations is inconsistent.
(i)  Given system of equations is

3X+6y-4z=3 .. (1)
3x-z2=0 ... (2)
12x-6y-z=-3 ... (3)

This system of equations can be written in matrix forms as
3 6 -4|x 3
3 0 -1jly|l=|0
12 -6 -1||z -3

OrAX=B .. (4)
3 6 -4 X 3
where A={3 0 -1| X=|y|,B=|0
12 -6 -1 y4 -3



3 6 -4 Application of Matrices
and Determinants
Al=[3 0 -1

18 |6, ol
Expanding along R,
|A|=3(0-6)-6(-3+12)-4(-18-0)=-18-54+72=0

. A™" does not exist.
= system has either no solution or infinite many solutions.

Let A denotes the cofactor of (j, j)" element of the matrix A.

A, =(-1)"(0-6)=-6

~6 -9 -18] [-6 30 -6
adjA=|30 45 90 |=|-9 45 -9
~6 -9 —18] |-18 90 -18

-6 30 613 -18+0+18 0
(adjA)B=| -9 45 -9 || 0 [=|-27+0+27|=|0|=0=nullmatrix
-18 90 -18]| -3 -54+0+54 0

Hence system has infinite many solutions and given by putting either x =k or y = k
or z = k in any two equations given by (1), (2) and (3). Let us put z =k in (1) and
(2), we get, where Kk is any real number

3x + 6y =3+ 4k ... (5)

3x =k ... (6)
k

6 X=—

6) = :

Putting x =k/3in (5), we get
3(k/3)+6y=3+4k = 6y =3+4k -k =6y =3+3k =y =(k+1)/2

¢ =§,y =%,z =Kk, where Kk is any real number.
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Here is an exercise for you.

E 3) Solve the following system of equations by matrix method:
(H)x+y=3 (i) 2x-3y=3 (i) 2x+3y=5
4x -3y =5 6Xx-9y=5 4x + 6y = 10

6.5 APPLICATION OF DETERMINANTS

There are many applications of determinants but here we shall discuss as to
how the concept of determinant provides the solution of a given system of
linear equations. The procedure which we will use is known as Cramer’s rule.

Cramer’s Rule: Cramer’s rule can be used in any system of n linear equations
in n variables. But here we shall discuss Cramer’s rule only for system of 2 (or
3) equations in 2 (or 3) variables respectively. Suppose we are given following
system of equations

Cramer’s rule suggests the following:
(i) Write the determinant for the coefficients. For the above given system of
dp 81p a3
equations, itis [a,; a,, a,|=A(say).
dz; a3 dg3

(if) Write determinant by interchanging first column of A with the right side
constants of the given equations. Let this determinant denoted by A,.

b, ap ag
LA =lby Ay, Ay
b; azx asg
Similarly, writing the determinants by interchanging the second and third
columns of A with the right side constants and denoting them by A,,A,
respectively, we have
a;; by ag a;; ap b
Ay =l by aylAz=j, a, byl
ag by ag ag ag, bs
(iii) If A = 0,system has unique solution and is given by
A A A
x2 Ly 2 73
A A A
If A =0Dbut at least one of the other determinants is non-zero then system
has no solution. If A = 0and other determinants are also zero then system

has infinitely many solutions given by putting x or y or z equal to k, where
k is any real number.



Above discussion can be summarised in the following diagram.

Cramer’s Rule to solve the system AX = B

Find A
v ‘l’
If A=0, then system have A=0
unique solution and given
A A A
by x="1,y=-27==2 v
y A y A

( J

If A=0 but atleast |fA=A1=A2=A3=0

one of Ay, Ay, Ag #0 then system has infinite
then system has no solutions and obtained
solution by putting X or y or z
equal to k, where k is
any real number

Let us now consider some examples wherein Cramer’s rule is applied.
Example 5: Solve the following system of equations:

2X+3y+z=4

X—-y+2z=9

3X+2y-z=1

using Cramer’s rule

Solution: Given system of equations is

2Xx+3y+z=4 .. (D
X—-y+2z=9 ... (2
3x+2y-z=1 .. (3
2 3 1
Here, A=1 -1 2
3 2 -

Expanding alongR;, we get
A=2(1-4)-3(-1-6)+1(2+3) =—6+21+5=20+0
.~.System has unique solution.

4 3 1
W EN 1

Expanding along R,
A; =41-4)-3(-9-2)+1(18+1) = —12 + 33 +19 =40

Application of Matrices
and Determinants
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Matrices, Determinants Expanding along R,
and Collection of Data Ay = 2(-9—2) — 4(~1—6) +1(1— 27) = —22 + 28— 26 =20

2 3 4
3 2 1

Expanding along R,
A; =2(-1-18)-3(1-27)+4(2+3) =-38+ 78 + 20 =60
..by Cramer’s rule
X=—F=—=2y=—2=—"—
A 20 A 20

x=2,y=-1,2=3

A 20

Example 6: Solve the following system of equations:
Xty+2z=4

X—y+3z=3

2X+2y+4z=7

using Cramer’s rule.

Solution: Given system of equations is
X+ty+2z=4 ..(D)
X—-y+3z=3 ..(2)
2X+2y+4z=17 ... (3)
1 1 2
Here, A=|1 -1 3
2 2 4
Taking 2 common from R 4
Dl W2 .~ if arow is multiplied with some
A=21 -1 3 number, the whole determinant
1 i ismultiplied with that number.
=2(0)=0 [ R;and R, are identical]
.. system has either no solution or infinite many solutions.
4 1 2
A=3 -1 3
7 2 4
Expanding along R,
A =4(-4-6)-1(12-21)+2(6+7)=-40+9+26 =-5%0
.. systems have no solution.

Example 7: Solve the following system of equations:
X+3y+22=6

—X+4y+52=8

2x+5y+3z=10

Solution: Given system of equations is

X+3y+2z2=6 .. (D)
—X+4y+52=8 .. (2)
2x+5y+3z=10 .. (3)
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1 3 2 Application of Matrices
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Here, A=|-1 4 5

2 |53
Expanding along R,
A=1(12-25)-3(-3-10)+2(-5-8) =-13+39-26 =-39+39=0
.".system has either no solution or infinite many solutions.

6 3 2

Now, A, =|8 4 5
10 5 3
Expanding along R,
A, =6(12-25)-3(24-50) +2(40-40) =-78+78+0 =0

1 6 2
A,=|-1 8 5
2 10 3

Expanding along R,

A, =1(24-50) -6(-3-10) + 2(-10-16) =-26 + 78 -52 =-78+78=0
1 3 6

A;=l-1 4 8
2 510

Expanding along R,

A; =1(40-40)-3(-10-16) +6(-5-8) =0+78-78 =0

As A=0andalso A; =A, =A;=0

= system has infinite many solutions which are given by putting z = k (where
k is any real number) in any of the two equations given by (1), (2) and (3).
Let us putz =k in (1) and (2), we get

X+3y=6-2k ... (4)
—X+4y=8-5k ... (5)
Again for this system of equations
1 3
A:| |:4+3:7
-1 4
6-2k 3
1= =24-8k—24+15k = 7k
8-5k 4
1 6-2k
A, = =8-5k+6—-2k =14-7k
-1 8-5k
..by Cramer’s rule
> 7 A 7

~X=k, y=2-k, z =Kk, wherekisanyreal number

Remark 2: Here, in the above example, we have taken z = k. You may also
take y = k or x = k and then can solve by taking any two equations out of (1),
(2), (3) in remaining two unknowns using Cramer’s rule.
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Now, you can try the following exercise.

E 4) Solve the following system of equations using Cramer’s rule:
(i) 3x+5y =-11 (i) x-2y=5 (i) 2x -y =6
2x -3y =18 —2X+4y =8 —6x+3y=-18

6.6 SUMMARY

Let us summarise the topics that we have covered in this unit:
1) Adjoint of a square matrix.
2) Inverse of a square matrix.

3) Application of matrices for solving a given system of linear equations, i.e.
matrix method.

4) Application of determinants for solving a given system of linear equations,
i.e. Cramer’s rule.

6.7 SOLUTIONS/ANSWERS

{2 _3}
El) A=
4 5

Let A;; denotes the cofactor of (i, j)" element of the matrix A.
All = (_1)1+1(5) = 51 A12 = (_1)1+2 (4) = —4
AZl = (_1)2+1 (_3) = 31 A22 = (—1)2+2 (2) = 2

5 -47 [5 3
sLadjA = =
A

2 -3
A= =10—(-12) =10+12= 22
4 5

. -3][5 3] [10+12 6-6 22 0
A(adjA) = = =
5|-4 2] [20-20 12+10 0 22
1 0]
=22{0 1_:22|2: All, .. ()
) 5 3][2 -3] [10+12 -15+15] [22 O
(adjA)A = = =
—4 2||4 5 -8+8 12+10 0 22
10
=22{0 1}:22I2:|A|I2 .. (2)

From (1) and (2), we get
A(adjA) = (adjA)A = |All,

{2 3} {1 4}
E2) A= . B=
-1 4 5 -2

2

-

3
|=8+3=11¢O
4



. A lexists. Application of Matrices
4 and Determinants

1
Bl=l _,

‘:—2—20:—22;&0
. B texists.
2 3||1 4 2+15 8-6 17 2
AB = = =
-1 41||5 -2 -1+20 -4-8 19 -12
7 2
|AB| = =-204-38=-242+%0
19 -12

- (AB) ™! exists.

Let Aij, Bij, Cij denotes the cofactors of (i, j)th element of matrices A, B,

AB respectively.

SA = -4y =4, A = - (-1 =1
A21 =(-1) e () =-3, Azz . (_1)2+2 (2)=2
By =(-)"(-2=-2, B,=(-1"®6)=-5
Bu=(-1)°"(#)=-4  Bp=(-1)"*@)=1
Cy = ()" (-12) =-12, Cy, = (-1)*?(19) = -19
C,, =(-1)**(2) = -2, Cy = (-)*?(17) =17

_ 4 1] [4 -3] . [-2 -5] [-2 -4
adJA = = ,adJB = =
L i Imak] 22 4 1 5 1
Sl Mol G282 M4
adj(AB) = = A=yt 7
-2 17 -19 17 |A| 1111 2

2 4] af-2 -
B =L (adiB) = — -2 -5
B J 2|4 1

bl 112 =2
(AB) —|AB|(adJAB)—242L19 17} . (1)

giat1_-1f-2 -4]1[4 -3

22|-5 1 |11|]1 2
_-1/-2 -4)4 -3| -1|-8-4 6-8
C242|-5 1|1 2| 242|-20+1 1542

| Np A B
{—19 17} 9

From (1) and (2), we have
(AB) ' =B'A™

E3) (i) Given system of equations is
X+y=3
4x-3y=5
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(i)

This system of equations can be written in matrix form as

T

OrAX=B ...(1)

won i o

1
|A = =3-4=-7+#0

-3
- A exists.
Let Aj;denotes the cofactor of (i j) element of the matrix A.
LA =(-1)7(-3)=-3 Alz =(-1)"(4)=-
Au=(-1)7"(M)=-1  Ap=(-1)7(1)=1

_[-3 4] [-3 -1
adjA = =

{—1 1} {—4 1}

1, 1[-3 -
Al =" (adjA)=-=

win)--2 73 ]

Equation (1) = X = AB = _7{— —1} ﬂ

S

By definition of equality of two matrices, we have
x=2,y=1

Given system of equations is

2x-3y=3

6x-9y=5

This system of equations in matrix form can be written as

o b
o a2 X[

-3
=-18+18=0
-9

2
A7

. A" does not exists.

= system has either no solution or infinite many solutions.
Let A denotes the cofactor of (i, )" element of A.

AR = (_ 1)1+1 (-9)=-9, A, = (_ 1)1+2 (6) =6

A, =(-1)"(-3)=3 A, =(-1)""(2)=2



. [-9 6] [-9 3
adjA = =
gl

-9 3 —27+1 =12
(adjA)B = £ = L # O = null matrix
-6 2|5 -18+10 -8

Hence system has no solution.

(iii) Given system of equations is
2x+3y=5 .. (1)
4x+6y=10 ... (2)

This system of equations can be written in matrix form as
2 3x| |5
4 6|y| |10

2 3 X 5
Or AX=B, whereA= , X = ,B=
4 6 y 10

2

B

3
6|:2><6—4><3=12—12=0

. A" does not exist.
= system has either no solution or infinite many solutions.
Let Aj;denotes the cofactor of (i, j)™ element of the matrix A.

LA =(D)T6)=6,Ap = (D (4) =4
Ay =(-1)7"(3)=-3, Ay = (-1?*(2)=2

. 6 -4] [6 -3
adjA = =
A

(adjA)B = { 64 _23}{150} A { 330_ 320} = {g} =0 = null matrix
- - 20+

= system has infinitely many solutions and given by putting y = k in (1),

we get
2x+3k=5= x= 5_—23k
X = #,y =k, where k is any real number.
E 4) (i) Given system of equations is
3X+5y=-11
2x -3y =18
3 5
Here, A= =-9-10=-19%0
2 -3

= system has unique solution.

Application of Matrices
and Determinants
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-11 5
=33-90=-57
18 -3

Matrices, Determinants
and Collection of Data 1=

3 -1

NS =54+22=76
2 18

..by Cramer’s rule

AT g A T8,
A -19 A -19
L x=3 y=-4

(if) Given system of equations is

X—2y=5
—2x +4y =8
1 —
Here,Az‘ 4 =4-4=0

.. system has either no solution or infinite many solutions.

5 —2
Alz‘ =20+16=360
4

S A=0 butA; =360
= system has no solution.

(iii) Given system of equations is
2X-y=6 .. (1)
—6x + 3y =-18 .. (2)

2
Here, A = =6-6=0
o

6 - 2 6
A, = ~18-18=0, A, = =-36+36=0
~18 3 ~6 -18

.'.AZO, Al :AZ :0
= system has infinite many solutions and given by putting either x or y
equal to some arbitrary constant.

Let y = k, where k is any real number.
Equation (1) = 2x=6+k = x=M

6; k, y=Kk, where Kk is any real number
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