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Abstract

In this paper, we defined the matrix as an important mathematical tool that has a prominent role in various
applications. In order to be able to use matrices, we defined algebraic operations on it, mentioned its most
important properties and some types, and showed the importance of matrices for mathematical and physical
sciences, which lies in the fact that it allows facilitating calculations in various fields. It also helps in studying
physical phenomena. The paper aims to study matrices and their applications in electrical circuits. Their use is
very useful in solving electrical circuits because matrices are a way to deal with equations with more than one
variable and give a good way to solve them. It helps us a lot to find demands in the electrical circuit, such as
calculating and knowing the current in force, knowing the voltage, or another physical variable of the electrical
circuit, by converting these circuits into equations and then into matrices, and using the inverse of the matrix to
solve them for the purpose of facilitating calculations, avoiding errors, and obtaining results in the least possible
time. And by using the methods of analysis of the electric circuit, we reached linear equations in the form of
different currents and voltages, and we were able to solve these equations to find the value of the variables,
were they efforts or currents that enable us to solve the entire electrical circuit, as matrices were a greatly useful
aid when dealing with different electrical circuits.
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1- Introduction

Particular electric circuit systems are commonly encountered with uncertainties due to unavoidable parameter
variations, component failures, disturbance. Theories and techniques of robust control are capable of dealing
with such uncertainties, and much attention has been paid in the field of electronic circuits in recent years, for
issues of analysis [1]. On the other hand, it is well known that robustness in control theory means a certain
performance is guaranteed against various parametric uncertainties and/or external disturbances and noise [2]. In
the same way, in real-life industrial applications, strong nonlinearities of plants may lead to severe difficulties
for the analysis and synthesis of control systems [3]. Otherwise, because of the increasing demand for reliability
and safety in industrial processes, fault detection (FD) has been the subject of intensive research, and a lot of
detection approaches have been presented in the literature [4]. Therefore, in recent years, descriptor systems
have been one of the major research fields of control theory due to the comprehensive applications in the
Leontief dynamic model and in electrical [5]. According to this study, one issue of fault detection and isolation
is increasingly required in various kinds of practical complex systems for guaranteeing reliability and pursuing
performance [6]. During the past decades, Markovian jump systems have received a great deal of research
attention because they can be employed to model some plants whose structure is subject to random abrupt
changes such as random failures or repairs of the components, sudden environmental changes, changing
subsystem interconnections, and changes of the operating point of a linearized model of a nonlinear system [7].
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1. Matrix definition
A matrix is a rectangular arrangement of entries, each of which is called an element. The elements of the matrix
are arranged in the form of rows and columns. The size of the matrix is the number of rows and the number of
columns, so any matrix is made up of m rows, n columns, and it is of m x n size [8].

a_11 Az a}n
| : ] = [a;]

Am1 Am2 Amn

where the element in row i (1 < i < mand columnj (1 <j < n of the A matrix of degree m X n is written
ai}-.

Matrix equals

The matrices A = [a;;]  and B = [b;] are said to be equal if:

1-A, B of the same degree.
2- Each element of matrix A is equal to its corresponding element in matrix B.
Matrix types

e |fn=1, the matrix becomes m x 1and is called the column matrix.

e If m=1, the matrix becomes of the type 1 X n and is called row matrix

e If m =n, the matrix becomes of n X n type and is called the n-square matrix, and the set of elements is
called a,; , a,;, ..., ap,in the square matrix the main diagonal of the matrix while the set of elements is
called a;,, , a3p—1 » --v,... The secondary dimension of the matrix.

e  Arectangular matrix has the number of rows different from the number of its columns.

e The unit matrix is a square matrix with all the elements of its main diagonal equal to 1 and the rest of
its elements being zero.

e  The diagonal matrix is a square matrix whose elements outside its main diagonal is zeros.

e A zero matrix is a matrix with all the elements zero.

e  The proper matrix, which is diagonal matrix whose main diagonal elements are equal.

e The conjugate matrix of any matrix is a matrix that we get after replacing each element with its
conjugate.

2. Operations on arrays
1- Addition and subtraction of matrices: the two matrices 4 = [a;;] and B = [b;;] = are said to be additive
and subtractive if they are of the same degree, so if their sum is the matrix D = [d,-]-]mxnand their subtraction is

the matrix C = [Cij]manf the same degree, then:
A+B=lay;] +[by] =[dj]l =D
A-B=la;] —[by] =ley] =C¢

2- Matrix multiplication: If 4 = [aij]mxrand B = [bi}-]rxnthen A x B is defined and possible if the columns of

A are equal to the number of rows of B and the resulting matrix is of degree m X n, meaning that C = [Cif]mxn

Matrix inverse

A square matrix A of order n has an inverse. If there is a matrix B of the same order as the matrix A, where
A X B =B x A= I,, then we say in this case that the matrix A is invertible and its inverse is B, and it is
denoted by the symbol A™2,

a- Algebraic properties of operations on matrices:
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(The substitution of addition) A+B = B +A

b- (Coordination for Addition) A+(B+C) = (A+B)+C

c- (Distribute multiplication over addition) A+B) = CA + CB.

d- k(AB)=(KA)B=A(KB)

e- (O zero matrix)A+O=0+A=0¢)

f- AO=0A=0
g- A-A=0

The importance of matrices:. The importance of matrices lies in many fields, as they can be used in many
mathematical applications or in the field of science, including physics.

- Arithmetic: it allows facilitating mathematical operations in various fields.

- Physics: It helps in the study of physical phenomena such as the movement of bodies, energy conversion,
mechanics and electric current.

3. Solving a set of linear equations
Let's have the following system of equations:

1% + ax, + ag3x3 + o+ ax, = by

ay1Xq + AyrXy + Ay3X3 + -+ AynXn = bz

An1X1 + ApaXy + Ap3Xxs + -+ appXx, = by,

It can be represented using matrices as follows:

a1 QAgz -t Qip || X1 by
We write A and = B where 421 @22 =+ aan||x2| = |b2
An1  QAp2 *° OQun| | Xn b3

ai1 Az 0 Qip X1 by

A=|a21 azxz - am| x=|x2| g=|b2

An1 QApz *° Qup Xn b3

To solve this system, we multiply both sides of the equation by A2,
ATTAX =A"'B>IX=A"'B->X=A"'B

4. Matrix applications
Arithmetic matrices play a major role in life as they are used in many applied fields in order to facilitate
calculations and avoid errors and inaccurate outputs. Linear equations are used in many fields, and the solution
of these equations is considered one of the basic things in finding variables, as they are used as a mathematical
model to represent many applications such as electrical circuits.
2- Analyze electrical circuits using loop analysis to calculate current:

Electrical circuits consist of a mixture of active and passive elements connected in series, parallel, or mixed. All
electrical circuits can be solved using basic circuit laws such as Ohm's Law, Kirchhoff's Laws, and others. But
with a group of theories that facilitate the writing of linear circuit equations, we get a quick solution to it. We
can use arrays in electrical and electronic networks widely.
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Loop analysis is one way to solve electrical networks. In this method, we use Kirchhoff's voltage law for each

The direction of the current is determined for each loop, let it be clockwise 1a,lg,lc,.....

The poles of the resistors are determined according to the direction of the default current, then the Kirchhoff
voltage equations are written for each loop, and from them we calculate the sub-currents 11,12,13.....

To study this application in a simple way, we take the following example:

Example: Using the loop analysis method, find the loop currents I, I, I;and based on that, select the sub-
currents, then make sure that the calculations are correct by the power balancing method?

1
A\,
2
= =]
f)
)
w
3
)
)

—
e — :_
E4 R4

R, = 1R, = 20R; = 3QR, = 4QR = 5QR, = 60

The solution:

I/'“\—

(DE2

e ]

13 12
IS5 RS
I
Ce)
~—
E4 R4

Ri=R,+Rs+Rs=1+3+6=10Q
Ry =R, +Rs+Rs=2+3+5=100Q
Re=R,+Rs+R;=4+5+6=150Q
Rag = Ry = 3QR,c = R = 6QRyc = Rs = 5Q

Ey=—-E, —E;=—-2—-12=—14V
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EB=E3_E2=12_10=2V EC=E4=29V
The toroidal resistor matrix and the toroidal voltage matrix...
RA _RAB _RAC

_RAB RB _RBC
_RAC _RBC RC

10 -3 -6
Ry = =|-3 10 -5

-6 -5 15
—14

=| 2
29

0.22 0.13 0.13]

Ey
Eg
Ec

EM=

The inverse matrix of the matrix of toroidal resistors...

v =1013 02 0.12
0.13 0.12 0.16

The matrix of the toroidal currents is given by the matrix equation......

0.22 0.13 0.13
013 03 012] [ ] H

0.13 0.12 0.16

Iy = Ryt X Epy =

I, =14 Iy = Ic =
Sub streams...
L =-I,=-14 L=—Ig=-24 L=Ig—-1,=2-1=14
I,=1.=3A Is=I,—Iz=3-2=14 I,=I-1,=3-1=2A
Balancing ability........
Ps = LE, + LE, + LE; + ILE,
Ps=(—1x2)4+(-2%x10)+ (1 x12) + 3x29) =77TW
P, = RyI? + RyI2 + R3I2 + RyIZ + RslZ + Rgl?
PL=(1x(DH+C2x(=2)H+BCxMH+@xB)H+ GxMH+(6x(2)%)=77TW
~Ps=P

3- Analyze electrical circuits using nodal analysis to calculate voltages
Nodal analysis is one way to solve electrical networks. Kirchhoff's current law (KCL) is used to calculate the
nodal voltages.

e  Determine the number of nodes in the circuit.
e Choosing a reference node connected to the ground and its voltage is zero, V=0.
e We impose the direction of the currents for each node (according to the source of the voltage or the
source of the current).
Write the Kirchhoff equation for each node

To make it clearer, we will give an example.

An example of how Using nodal analysis, find the contract voltages?
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a
[ R8
R7 e (D
R1
R4 RS
c {1 = [ ++ b
ap pe
£3 & P
R3 [J R6
—
d R2
E, =20V  E,=15V  E, =17V R, = 15QR, = 15Q
R; = 15QR, = 10QRs = 12QR, = 14QR, = 150
Rg = 200
The solution
1- Convert voltage sources into current sources.
2- We focus on the currents that feed the nodes, not the sub-currents.
3- Coding the contract.
4- Writing the equations in terms of continuity for each node.
5- Whistling one of the knots, let it be e
V,=0 G; = 0.0667s G, = 0.0667s Gz = 0.0667s
G, =0.1s G;=0.083s Ggz=0.0714s G, =0.0667s
Gg = 0.05s
G, =G, + G; + Gg = 0.0667 + 0.0667 + 0.05 = 0.1834s
G, = G, + G5 + Gg = 0.0667 + 0.083 + 0.05 = 0.2s
Ge =G; + G, + G, =0.0667 + 0.1 + 0.0667 = 0.233s
Gy =G3+ G, + Gg = 0.0667 + 0.0667 + 0.0714 = 0.2048s
Ggap = Gg = 0.05s Gye = G, =0.0667s Gpq =0
a
—_1 I
R7 R8
R1 laq
R4 R5
c +—{— 1} e 12 {1 b
R3
Is3 R6 D R2 Is2
d
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=220 1334 =22y
ST R, 15 7 27 R, 15
—E3—17—1133A
$37 R, 15
[Gq —Gap —Gae — Gaq 0.1834 -0.05 —0.067 0
e o | "G Go  —Goe —Gya| _|-0.05 0.2 0 —0.067
M~ -G, —G,e G, —Gq| ~|-0.067 0 0.233 —0.067
| —Goa—Gpy —Goq Gy 0 —0.067 —0.067 0.2048
[V 1. 33
vV,
V., =
M V; l 1.133
v, - 153 —2.133
0.1834 —0.05 —0.067 0 1[Va 1.33
—0.05 0.2 0 —0.067||Vy| _ 1
—0.067 0 0.233 —0.067(|V.| 7| 1133
0 —0.067 —0.067 0.2048] v, —2.133

a Vi =Gyt X Iy

VM=

5.

Va 11.001
Vo[ _|5.5402
V. 6.129
v, —6.597
Conclusion

Matrices are one of the branches of linear algebra. They are used in the study of various topics of daily life,
including mathematics and physics. Matrices provide the fastest and easiest way to reach values, whether in
mathematics or other sciences. They are used in applied sciences as a means in addition to shortening the time
and giving the correct results. Therefore, we recommend expanding the study of matrices science and benefiting
from it because of its other applications, such as those mentioned in this paper, and other applications that were
not mentioned, such as the use of matrices in economics, chemistry, mechanics, and computers, and solving
many complex equations. Therefore, we have to employ knowledge in its applications for further development
and progress.
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