Simultaneous Linear Equations

Direct Method (Cramer’s Rule):-
After reading this chapter, you should be able to:

1. solve a set of simultaneous linear equations using Cramer’s Rule,
2. find the determinant of a matrix

How is a set of equations solved by using Cramer’s Rule?
Cramer’s Rule is another solution technique that is best suited to small numbers of

equations.

Cramer’s Rule consists of two steps

1. Determinant of the denominator: calculate the determinant of the coefficient
matrix.
2. Determinant of the numerator: calculate the determinant by replacing the

column of the unknown in question by the constants by, b,, ..., b,.

Determinant
The determinant can be illustrated for a set of three equations

Where [A] is the coefficient matrix
ai1 Qq2 Qg3
dz1 Q22 A3
31 a3z dAzs
The determinant D of this system is formed from the coefficients of the equation as

a1 A1z Qg3
Az1 QAzp Az
az1 Az Azz

Although the determinant and the coefficient matrix [A] are composed of the same
elements, they are completely different mathematical concepts. In contrast to a
matrix, the determinant is a single number.
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The numerical value for the determinant can be computed as

Az dAzs
D = a11| |

azq a23|
Az, dz3

azq a22|
a3 ds3

ass |
BBlas; as;

- a12|

Where the 2 by 2 determinants are called minors.

Cramer’s Rule

The rule states that each unknown in a of linear algebraic equations may be
expressed as a fraction of two determinants with denominator D and with the
numerator obtained from D by replacing the column of the unknown in question by
the constants by, by, ..., b, . The value of x;, x, and x3 will be computed as

by a2 ajgs ai1 by ags a1 Qaiz
b, az; az;3 az1 by aps azi1 Qazz

bz az; azs X, = 1231 bz aszs X = 331 Q37
2 3
D D D

x1=

Example 1
Use Cramer’s rule t0 solve

0.3X1 + 0.52X2 + X3 = _0.01
0.5x1 + xz + 1.9X3 = 0.67

Solution
The determinant D can be written as

0.3 052 1
D=([05 1 19

01 03 0.5
The minors are

1.9] ~ _
0_5| —1%05—19%03= —0.07

- |o?3

0.5
0.1

_ 05 1
0.1 03

19 ~ B
0_5| —05%05—19%01= 006

=05%03—-1%0.1= 0.05
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These minors will be used to calculate the determinant D
D =03% —0.07—-0.52%0.06 +1=0.05= —0.0022

Now calculate the value of x;

—0.01 052 1
0.67 1 19
—0.044 0.3 0.5 0.03278

1= —0.0022 = o002z 40

Now calculate the value of x,

03 —001 1
05 067 1.9
01 —044 05| _ 00649

X2 = ~0.0022 = 20,0022

—29.5

Now calculate the value of X3

03 052 —0.01
05 1 067
—01 03 —0.44] _ —0.04356 _

X3 = ~0.0022 = 20.0022
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