CHAPTER EIGHT
SOLVING SIMULTANEOUSEQUATIONS

In this chapter the system of linear equations will be solved, and

the matrix inversion is found by using Gauss- Jordan's method.

. Simultaneous algebraic equations arise in many engineering
applications.

. Systems of simultaneous equations can be either linear or
nonlinear.

. In a system of linear equations, none of the unknown quantities

(eg. xqj : X,” )

(x1, x2 , x3, ...) are raised to a power - or

appear as arguments in functions [ €.g., sin ( X2 ) ; lin (x1) ; log
(x3) 1.

Systems of linear simultaneous equations can be easily
represented in matrix notation. Thus, solutions of such systems of
equations can be developed by simple matrix operations, as will be
seen in this chapter.

8.1. LINEAR SIMULTANEOUS EQUATIONS IN MATRIX
NOTATION
Using traditional algebraic notation, linear simultaneous equations

would be typically written in the form:
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ap X;tapx,ta;; xz3+....+a;, x,=b;
ary X;tanx,tayx;+...+ta, x,=b;

dyy X + @2 X2 + dy3 X3 +.o..t dypn Xn = bﬂ

Equation (8.1) can be written in matrix form as:
AX=B
Wherethe matrix A and thevectors X and B arewritten as:

A %12 Xy by |
Ao t21 P22 P x_ X2 p_ "2
1 *m2 “nn | *n by

The advantage of writing the system of Equations in the matrix
form given in the equation is that the solution of equation can be
easily obtained by simple matrix operations as given below:

In the Equation,

premultiply by A
A'AX=4"B

-1 .
Butsince 4 A =1 (the identity matrix)

Then, the Equations can be written as,
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A' B
A' B

IX
or X

Therefore, we conclude that a system of simultaneous linear
. .. . -1
equations AX = B can be solved by determining the inverse A

: : . -1
of the coefficient matrix A and then forming the product A B .
The resulting product will be a vector, X, whose components are

the desired unknown quantities.

Example (1)
Solve the system of Equations:
2 x|+ 3 X = 8

4}{]—3}{2:—2

Solution:

In matrix form.

AX=B
where,
2 3 8] X
A= B - X= |
14 -3 [-2) 1*2
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1 _{ /6 1/6

12/9 —1/9]

/6 16 )
XzA_lB:{l'_} I .}_{SW:{I_
2/9 —-1/9||-2 2|

Thus, the required solution is

MATRIX OPERATIONSIN EXCEL

» Matrix operations can easily be carried out in Excel. A matrix is
represented as an array in Excel.

» Any array is a block of cells that is referenced collaboratively in
the same manner as a single cell.

* Any operation that is carried out on any array will produce the
same outcome for all of the cells within the array.

* In addition, an array can be specified as a single argument to a
function. This is equivalent to specify the individual cells as

multiple arguments.

Yot



* Any array is represented as a block of cells enclosed in braces
({}). For example {A1:C3} refers to an array that is composed of
the block of cells extending from cell A1 to cell C3.

* The braces are added automatically by Excel as a part of the array
specification. Thus, you should not attempt to include the braces
when writing an array.

* To specify an array operation (i.e. a matrix operation) within an
excel worksheet, proceed as follows;

1. Select the block of cells that makes up the array. Then move the
cell marker to the upper left cell within the array.

2. Enter an array formula, as required. You may include cell ranges
within the formula. However, after you have entered the formula,
do not include the formula in braces.

3. Press Ctrl-Shift-Enter simultaneously. This will cause the
formula to appear within a pair of braces, thus identifying the
block of cells as an array.

The indicated operation will then be carried out.

Example

For solving a linear system of equations, you can use Matrix

operations. For instance, the system of equations:
{3.\' +6Y= 9
2X +0.54Y =4
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can be written 1in matrix format as shown below:

3 6 x]  [o
2 o0s4 |y 4
\_y_l e e e e

IM] IX] IR

The solution for this system is given by

IX]=[M[" x [R]

1
where IMI" is the inverse of [M] matrix.
Please return to your worksheet and type the matrix in cells

(B20:C21) as shown in the Figure:

B bk Lk Vew Sumt Pom Teoh Dl Wi Hel

DR dR i eBd n-— -  A¥ Eetil BES = -3

- j..n’. BZUu FEWEG%, B3 EE _ -2 A-Jmkfiy
A ERR R [ L F

18

19

20 M=/ 300 600

21 2.00 0.54

22

[M] = Coefficients of the Linear Equations

The next step is to calculate the inverse of [M] = IM " Highlight
cells (B23:C24) and select "M INVERSE" function by clicking on

"Insert" — "Function" — "Math & Trig". Press "OK" button
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and the "MINVERSE" box becomes visible. In the "Array" box,
type the range of cells referred to the matrix [M], i.e., (B20:C21).
Then press both "Ctrl" and "Shift" keys and click on "OK" button.
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E [M] = Shift

Inserting" MINVERSE" Command
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The results for IM I’ will be shown in your worksheet the following

Figure.

I Ok e
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M= 300 600
2.00 054

Resultsfor [M]-1

Now type the R vector in cells F20:F21. Select cells F23:F24. To

-1
multiply IMI" by [R] use the function "MMULT" from "Math &
Trig" category:

MELT ,.-—-..'- =
= Y RN v TR P
R = 1t
F | ©
= L. B DA SRR [ D 5
Rstms thikns Miviae of ross 5 Al
and cobumra ¥ drery2,
i e Frsd ey of ruamBer s to ol el ard mast Bave the same i — e
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22 \. .................................... : gopmmmm—— :
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24 f 010268 -0.28002% Y §
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Function"MMULT" for Multiplying Matrices
After typing the range of cells referred to IMI™ and to [R] in boxes
"Array 1" and "Array 2", respectively, press both "Ctrl" and

"Shift" keys and click on "ENTER" button.
The results will be displayed in cells F23 and F24 as shown;
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Resultsfor the Equation System
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