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ABSTRACT:

Simultaneous linear equations with more than two variables have a wide range of
applications in mathematics across different fields such as linear algebra, optimization,
geometry, probability theory, graph theory, physics, engineering, and control systems. These
equations are fundamental in solving real-world problems, from modelling physical systems
to optimizing solutions in various disciplines. This paper shows how to solve simultaneous
linear equations with more than 2 variables using cross multiplication method.

OBJECTIVES:

Solving a system of linear equations contain same number of unknown variables using sutras
tiryagbhyam (“Crosswise”) and Lopanasthapandbhyam (“By Alternate Elimination and
Retention”).

Simultaneous linear equations with 2 variables:

aix +by=ci 5x+6y=14 -1

axx + byy = ¢z A4x +y=-17 -2
Write only coefficients of x, y and constants. To eliminate x, cross multiply y and constant
terms with x and subtract.
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(braz — boar)y = (c1a2 — c2a1) (6x-4 — 1x5)y = (14x-4 - -17x5)
y=(ciaz — coa1)/(b1az — bral) -29y =29

Substitute y = -1 in equation 1 or 2 to get the value of x.
Sx+6y=14
S5x—6=14,5x =20

Simultaneous linear equations with 3 variables:

aix + by +ciz=d; x—=2y+3z=9 -1
ax+by+tcz=d x+3y—z=-6 -2
ax +byy+ciz=d3 2x =5y +5z=17 -3

Write coefficients of x, y, z and constants. To eliminate x, cross multiply y, z and constant
terms with x and subtract.
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(biaz - boai)y + (ciaz - coa1)z = (diaz - dai)
(b2as - b3az)y + (c2a3 - c3a2)z = (daa3 - dzaz)

(-2x-1 - 3x1)y + (3x-1 - -1x1)z = (9x-1 - -6x1)
(3x2 - -5x-1)y + (-1x2 - 5x-1)z = (-6x2 - 17x-1)
-y—2z=-3 —4
y+3z=5 -5
Write coefficients of y, z and constants. To eliminate y, cross multiply z and constant terms
with y and subtract.
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(-2x1 - 3x-1)z = (-3x1 - 5x-1)

Substitute z in equation 4 or 5 to get the value of y.
-y—2z=-3

Substitute y and z in equation 1 or 2 or 3 to get the value of x.
x—2y+3z=9
x+t2+6=9

Simultaneous linear equations with 4 variables:

wt+2x—y+z=-1 -1
-wH+x+2y-3z=-12 -2
2w—x+2y+2z=5 -3
wtx—y+2z=3 —4

Eliminate variables one by one using cross multiplication method and then find value of the

variables using substitution.
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(2x-1 - Ix1)x + (-1x-1 - 2x1)y + (1x-1 - -3x1)z = (-1x-1 - -12x1) - -3x -y + 2z =13 -5
(1x2 - -1x-1)x + (2x2 - 2x-1)y + (-3x2 - 2x-1)z=(-12x2 - 5x-1) - x+6y—4z=-19 -6
(-1x1 - 1x2)x + (2x1 - -1x2)y + (2x1 - 2x2)z = (5x1 - 3x2) - 3x+4y-2z=-1 -7
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(-1x1 - -3x6)y + (2x1 - -3x-4)z = (13x1 - -3x-19) 17y — 10z =-44
(6x-3 — 1x4)y + (-4x-3 — 1x-2)z = (-19x-3 — 1x-1) 22y + 14z=158
17y —-10z=-44 -8
(-22y + 14z = 58)=+2 -lly+7z=29 -9
7] -1D -L4 7 -1D -ny
-1l 7 29 -1 7 29
(-10x-11 = 17x7)z = (-44x-11 — 17x29)
-9z=-9

- substitute z in equation 9

-1y +7(1)=29

-11y=29-7=22

- substitute y and z in equation 5
SBx—(-2)+2(1)=13

Sx+2+2=13

3x=9

- substitute x, y and z in equation 4
w+(-3)—(-2)+2(1)=3
w—-3+2+2=3

Visual pattern:



In this method, each step of the reduction process follows a symmetrical pattern, making the
calculations visually consistent and easier to follow. This repeated symmetry helps simplify
the structure and leads to a more efficient solution.

Key advantages of this approach:

Gaussian elimination to Row Echelon form is considered an effective method for solving
simultaneous linear equations involving more than two variables. In Gaussian elimination,
the coefficients of the system are expressed in matrix form and then reduced to Row Echelon
Form using elementary row operations. These operations do not follow a fixed set of rules or
patterns; rather, they vary depending on the specific values in the matrix, with appropriate
arithmetic manipulations applied to create zeros in desired positions. In contrast, the cross
multiplication method follows a systematic pattern to eliminate variables one by one,
ultimately leading to the solution of the system.

Conclusion:

For systems with more than two variables, many complex methods like Gaussian elimination,
matrix inversion, Cramer's Rule and iterative methods are available. As the system grows in
size, specialized techniques and computational tools become necessary to solve the system
efficiently. Elimination using cross multiplication is a systematic procedure to reduce the
number of variables one by one, and simplify the equation to a form with a single variable.
Then using substitution, we can find the values of all variables. This method is more
efficient, straightforward, and reduces complexity, making it suitable for any number of
variables.
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