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Abstract: Maxima is one of the free and open source software which is regarded as a computer algebra system. In this
paper, we have discussed some of the concepts of algebra and solved some problems using Maxima. It is one of the
simple programming which will certainly have its application in other concepts of algebra and is a stepping stone for
researchers in algebra. Cumbersome calculations that are very time consuming and iterative in order to find the results
can otherwise be obtained in seconds with maxima.
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1. INTRODUCTION

1.1 Consistency

A system of linear equations, written in the matrix form as AX =B, is consistent if and only if the rank of the
coefficient matrix is equal to the rank of the augmented matrix; thatis, p (A) =p ([ A : B]).

Algebra is almost confused as being a fancy arithmetic that deals with numbers and variables However, algebra refers
to manipulations of more abstract entities. Linear algebra refers to algebraic manipulation of straight lines, vectors,
scalars, system of linear equations, and matrices (Basics).

In this section we have discussed the solutions of Homogeneous and Non-Homogeneous system of linear equations that
involve various cases namely the trivial and non-trivial solutions with solutions that are unique and infinite.

1.2 Definition : Homogeneous and Non Homogeneous System of Linear Equations

A system of equations in which all the unknown quantities occur in the first degree alone is called a system of linear
equations

The system of equations

311X1 + 312X2 +al3X3 e nTTIN alan = b1
321X1 + 322X2 +323X3 F o aZan = b2
........ Q)
a31X1 + 332X2 +a33X3 F o e, +a3an = b3
Am1X1 +ameXs FamszXzt s e e ApnXy = by
Where a;;a;55,a213 0o ve@mpy and by, by, bz by are constants, is called a system of m linear
equations in n unknowns.
Ifb; = by, =Dbgurnn. = b,= 0in (1), then the system (1) is said to be homogenuous
If notall b; ,b, ..........., by, are zero then the system(1) is called non homogeneous .
A solution of system of linear equations is the set of values of
X1 Xz e eee e e o2 X Which satisfy all the m equations simultaneously

A system of linear equations is said to be consistent if it possesses a solution, otherwise it is said to be inconsistent

The system of equations (1) can be represented in the matrix form as
AX=B
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4 N

all alz a13 ............ aln
321 a22 a23 ------------- a2n
A= Azq Agy A33 e . asp
A1 Amz Az s e e ap, MXn
C e N
X1 by
X= Xy B= b,
X, | X1 b, nX1
" J ~ J

The matrix A is called the coefficient matrix of the given system, the matrix X is called the matrix of unknowns and the
matrix B is called the matrix of independent terms.

One can clearly see that the homogeneous system has always one set of solutions

X170, X5,=0, oo, x,=0.

That is the homogeneous system is always consistent. This solution is called the trivial solution of the homogeneous
system. Any other solution of the homogeneous system is called the non-trivial solution where at least one of the
variables is non zero.

1.3 Maxima
Maxima is a symbolic based mathematical software, catering to the needs of the user requiring to perform
mathematical calculations including calculus, numerical analysis, systems of linear equations, polynomials, Fourier

series and transforms, and various such mathematical models. Maxima can plot functions in two and three dimensions.

The below examples show the working rule of finding the solution of the homogeneous and non-homogeneous system
and their corresponding program using maxima.

2. PROBLEMS
Solve the system of non-homogeneous linear equations
2.1 Solve
X+2y+3z=1
9x+18y+30z=3

12x+48y+60z=5
The augmented matrix is

1 2 3:1
(A:B) = (9 18 30:3)

12 48 60:5

1 2 31
~ (0 0 3:-6 ) R, - R;-9R;, R;—R;-12R,
0 24 24:—7

1 2 3:1

- . R R

~<0 1 1:2—Z> Interchanging R, and R;, R,— 2/24, R;— 3/3
0 0 1:.-2
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The rank of the coefficient matrix = the rank of the augmented matrix =number of variables
Unique solution exist
the equivalent system is as follows

X+2y+3z=1
yt+z = -7

24
z=-2
On back substitution we get x =43/12 y=41/24 z=-2
Maxima program :

(%i11) A: matrix(
[1.2.3],
[9,18,30],

[12,48,60]

)i
b:[1,3,5];
matsolve(A,b);

(%09) matrix(

[1, 2, 3],
[9, 18, 30],
[12, 48, 60]
)
(%010) [1,3,5]
(%011) matrix(

[43/12],
[41/24],
[-2]

2.2 Solve

X+2y +3z=0

y+5z=0

3x+2y+z=0

x+3z=0

output:

(%09) [x=0,y=0,z=0]

"The given system has trivial solution "
2.3 Solve

y+x=0

-Z-y+x=0

-Z+y+3x=0

output:

(%08)  [x=%r7/2,y=-%r7/2,2=%r7]
"The given system has non-trivial that is infinite solution "
2.4 Solve

X+2y-z=3;

3x-y+2z=1,

X-2y+3z=3;
X-y+z=-1,
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output:

(%011) [x=-1,y=4,z=4]
"The given system has unique solution "

2.5 Solve
-27+y+X=5
Z-2y+x=-2
z+y-2x=4

output:
"The system has no solution”

2.6 Solve
-27+2y+2x=1
-Z+4y+4x=2
27+6y+6x=3

(%010) [x=-(2*%r3-1)/2,y=%r3,2=0]
"The given system has infinite solution "
CONCLUSION

Solving for unknowns is one of the basic building blocks and requirement in Mathematics that we often encounter in
life. Throughout our discussion we have solved six types of equations and the solutions we obtain depend upon the rank
of the coefficient matrix, rank of the augmented matrix and the number of variables.

Applications of Homogeneous and non-homogeneous system of linear equations are practically embedded into our day
to day life, be it age related problems, people and work etc.

These simultaneous equations have various approaches to solve for the variables involved.. Here we have solved three
equations in three unknowns using the concept of rank of a matrix and its relationship with the number of variables
involved.

The same can be extended to n cross n matrix that can be very cumbersome to solve manually and Maxima comes
handy in getting us the quick answers irrespective of the number of equations.
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