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Abstrak

Memahami prinsip-prinsip �sika, terutama dalam rangkaian listrik 2-loop, memerlukan penerapan

Hukum Kirchho� untuk membentuk sistem persamaan linear. Meskipun metode substitusi-eliminasi

umumnya digunakan untuk menyelesaikan sistem ini, metode tersebut menjadi tidak e�sien ketika

menangani lebih dari tiga variabel. Sebagai alternatif, Aturan Cramer, yang melibatkan penggunaan

determinan matriks dan metode kofaktor, terbukti lebih efektif, terutama untuk sistem yang lebih

besar. Penelitian menunjukkan bahwa Aturan Cramer dan metode inversi matriks menghasilkan hasil

yang konsisten untuk perhitungan arus. Nilai arus yang diperoleh dari rangkaian pertama dan kedua

cocok dengan yang dihitung menggunakan metode kofaktor. Teknik-teknik ini tidak terbatas pada

rangkaian listrik; teknik-teknik ini juga dapat diterapkan di bidang teknik lainnya, seperti analisis

sistem dinamis dan mekanika. Pemahaman yang mendalam tentang Aturan Cramer, kofaktor, dan

inversi matriks sangat penting untuk menganalisis sistem �sika dan teknik. Pada rangkaian pertama,

hasilnya adalah i1 = 0,25 A, i2 = 2,5 A, dan i3 = 2,75 A, sedangkan pada rangkaian kedua, hasilnya

adalah i1 = 1 A, i2 = 2 A, dan i3 = 1 A.

Abstract

Understanding the principles of physics, especially in a 2-loop electrical circuit, requires
applying Kirchho�'s Laws to form a system of linear equations. While substitution-elimination
methods are commonly used to solve these systems, they become ine�cient when dealing with
more than three variables. As an alternative, Cramer's Rule, which involves using matrix
determinants and the cofactor method, proves to be more e�ective, particularly for larger
systems. The research shows that both Cramer's Rule and the matrix inversion method
produce consistent results for current calculations. The current values obtained from the �rst
and second circuits match those calculated using the cofactor method. These techniques are
not limited to electrical circuits; they can also be applied in other engineering �elds, such as
dynamic systems analysis and mechanics. A solid understanding of Cramer's Rule, cofactors,
and matrix inversion is essential for analyzing both physical and engineering systems. In the
�rst circuit, the results are i1 = 0.25 A, i2 = 2.5 A, and i3 = 2.75 A, while in the second
circuit, the results are i1 = 1 A, i2 = 2 A, and i3 = 1 A.
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Introduction

Electrical engineering [1] is a �eld that requires a
deep understanding of concepts, logical thinking,
and strong mathematical skills. To study this dis-
cipline, it's essential to have a structured grasp of
these concepts to apply them e�ectively. Electrical
engineering [2] explores natural phenomena, often
expressed in mathematical equations, to describe
the relationships between various physical phenom-
ena. These equations capture connections between
both macroscopic and microscopic phenomena, as
well as the fundamental laws of the �eld. This un-

derscores the importance of mathematics in helping
us understand electrical engineering [3] comprehen-
sively.

However, many people still �nd electrical engi-
neering [4] di�cult. This is because the �eld re-
quires more than just memorization; it demands
a deep understanding of concepts and the ability
to solve complex problems. One area that often
causes confusion is the analysis of 2-loop electrical
circuits [5], which is a key topic in dynamic electri-
cal circuits [6]. Many students and instructors �nd
2-loop circuits challenging, mainly because funda-
mental concepts like electric current [7] and poten-
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tial di�erence are not always well understood. Mis-
conceptions about the relationship between current
[8] and voltage in dynamic circuits further compli-
cate the learning process. These misunderstandings
can lead to errors when applying essential principles
like Kirchho�'s Laws, which are crucial for analyz-
ing electrical circuits[9]. Another challenge is un-
derstanding the di�erences between direct current
(DC) [10] nd alternating current (AC) circuits[11].
DC circuits[12], for example, have distinct charac-
teristics regarding voltage measurement and the ef-
fect of resistance on current [13] �ow. Many peo-
ple struggle to translate theoretical knowledge into
practical calculations, whether for simple or com-
plex circuits [14]. This di�culty can hinder deeper
understanding of electrical circuits [15].

Solving electrical circuits [16] typically involves
using Kirchho�'s Laws[17], which consist of two
main principles: Kirchho�'s First Law (the current
law) [18] and Kirchho�'s Second Law (the voltage
law) [19]. Kirchho�'s First Law states that the sum
of currents [20] entering and leaving a junction in a
circuit [21] must be zero. In other words, the cur-
rent [22] �owing into a point in a circuit [23] must be
equal to the current [24] �owing out of that point,
as no current [25] is lost or created at that junction.
This principle is also known as the conservation of
charge. Kirchho�'s Second Law, on the other hand,
states that the sum of electromotive forces (EMFs)
[26] and the voltage drops around a closed loop must
be zero.

Electromotive forces (EMFs) [27] provide the en-
ergy that drives current [28] through a circuit [29],
while voltage drops occur due to resistive elements
like resistors. According to Kirchho�'s Voltage Law
(KVL), the total voltage supplied by the energy
sources must balance the voltage lost across resis-
tive components in a closed loop. By applying both
Kirchho�'s Current Law (KCL) and KVL, we ob-
tain a system of linear equations [30] (SLE) that can
be solved to �nd the current [31] and voltage in the
circuit[32]. These equations describe the relation-
ships between current [33] and voltage in the circuit
, allowing us to determine the current [34] in each
branch and the voltage across each component. For
example, in a circuit [35] with multiple resistors and
EMF sources, Kirchho�'s Laws help form equations
[36] that are then solved to calculate the current in
each branch. This approach is especially useful for
analyzing more complex circuits, such as parallel
or series circuits [37], or circuits [38] with multiple
voltage sources and resistances. Kirchho�'s Laws
o�er a systematic and e�ective method to solve a
wide range of electrical circuit [39] analysis prob-
lems.

To solve these systems, several methods can be
used, such as Gauss-Jordan elimination, Cramer's
Rule, and substitution. However, when dealing
with systems that involve more than two variables,
substitution can become time-consuming and prone
to errors. As a result, more e�cient methods are of-

ten preferred. The Gauss-Jordan and Gauss-Seidel
methods are commonly used to solve systems of
linear equations, particularly when multiple itera-
tions are required. Cramer's Rule, however, is es-
pecially useful for larger systems of equations with
more variables. This method transforms the sys-
tem of equations into a matrix multiplication form:
[P][X] = [Q], where [P] is the coe�cient matrix,
[X] is the column matrix containing the variables
(such as current), and [Q] is the constant matrix.
Cramer's Rule o�ers a direct solution using matrix
determinants, which can be computed using various
techniques like the cofactor method.

Using Cramer's Rule makes solving systems of
linear equations faster and more accurate compared
to traditional methods. This e�ciency makes it a
valuable tool for analyzing complex electrical cir-
cuits, especially those involving dynamic electrical
materials. These mathematical techniques help re-
searchers and engineers solve problems more e�ec-
tively. The determinant of a matrix is a key value
derived from a square matrix and plays an impor-
tant role in solving linear systems, analyzing sta-
bility, and even in areas like graph theory and ge-
ometry. Various methods are used to calculate de-
terminants depending on the matrix size and the
complexity of the problem. For 3x3 matrices, Sar-
rus' rule is a common method, but it is limited to
that speci�c size. A more versatile approach is the
cofactor method, which works for matrices of any
size, including n x n matrices. This method involves
calculating a cofactor for each element based on its
position. While systematic, it can be more com-
putationally intensive than other techniques. An-
other widely used approach is Gaussian elimination,
which transforms the matrix into an upper or lower
triangular form. The determinant is then calculated
by multiplying the diagonal elements. This method
is e�cient for larger matrices but may face numeri-
cal stability issues when dealing with matrices that
have very large or very small values. Decomposi-
tion methods, which break the matrix into simpler
triangular matrices, are also commonly used. Each
method has its strengths, and the choice depends on
the matrix size and the speci�c problem at hand.

For larger matrices, the cofactor method is of-
ten preferred despite the extra steps required. In
this research, Cramer's Rule will be applied as an
alternative approach to solve electrical circuits [40],
speci�cally focusing on two-loop circuits [41]. The
cofactor method will be used to calculate the nec-
essary determinants, and matrix inversion will be
integrated into the analysis using MATLAB[42], of-
fering a more e�cient and accurate solution.

MATLAB [43] will be utilized to simplify matrix
inversion calculations, improving both speed and
accuracy. MATLAB's powerful built-in functions
for numerical analysis automatically compute de-
terminants and matrix inversions, reducing the risk
of errors that may arise from manual calculations.
This study aims to demonstrate how Cramer's Rule
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can be e�ectively used to analyze two-loop electrical
circuits [44] and highlight the advantages of MAT-
LAB [45] in solving engineering problems. Further-
more, this research seeks to contribute to the devel-
opment of technology-based education in electrical
engineering [46] by showcasing the practical appli-
cation of mathematical theories.

Ultimately, the goal of this research is to demon-
strate Cramer's Rule as an e�ective and e�cient
solution for analyzing DC two-loop electrical cir-
cuits. Additionally, the study aims to expand the
understanding of how MATLAB [47] can be used
to solve engineering problems, particularly in elec-
trical circuit analysis, and contribute to advancing
educational methods in the �eld of electrical engi-
neering.

This research is based on Ohm's Law, a funda-
mental principle in electrical theory discovered by
Georg Simon Ohm in 1827. Ohm's Law is crucial
for understanding how electrical circuits work, as it
describes the relationship between three key compo-
nents: voltage (V), current (I), and resistance (R).
According to this law, the current �owing through
a conductor is directly proportional to the voltage
applied across it and inversely proportional to the
resistance. This relationship is expressed by the
simple equation:

V = I X R (1)

Where:

� V is the voltage across the component (mea-
sured in volts, V),

� I is the current �owing through the compo-
nent (measured in amperes, A),

� R is the resistance of the component (mea-
sured in ohms, W).

Ohm's Law is an essential tool for engineers and
scientists because it helps predict how changes in
voltage, current, or resistance will a�ect a circuit's
behavior. For example, if the resistance in a cir-
cuit increases, the current will decrease, assuming
the voltage remains constant. On the other hand, if
the voltage increases, the current will rise, assuming
the resistance stays the same. This understanding
enables engineers to design and optimize circuits,
ensuring that electrical systems operate safely and
e�ciently.

Although Ohm's Law is often applied to simple
resistive circuits, its principles are fundamental for
analyzing more complex electrical systems. It helps
guide the design of components such as resistors,
capacitors, inductors, and transistors. Ohm's Law
also plays a crucial role in the operation of elec-
tric power systems, telecommunications, and mod-
ern consumer electronics. Technologies like electric
vehicles, renewable energy systems, and integrated
circuits all rely on precise control and measurement

of current �ow, which is made possible through ef-
fective electrical management based on Ohm's Law.

Ohm's Law also helps engineers troubleshoot
electrical issues by calculating voltage drops, cur-
rent �ows, and power consumption in various parts
of a circuit [48]. This capability makes it easier to
identify faulty components or optimize circuit e�-
ciency.

In summary, Ohm's Law is more than just a
historical discovery, it's a practical and indispens-
able tool in electrical engineering [49]. Its applica-
tions span a wide range of industries and continue
to drive the development of modern technologies.
A solid understanding and application of Ohm's
Law are essential for anyone involved in the design,
maintenance, or innovation of electrical systems.

In simpler terms, Ohm's Law explains that the
voltage (V) applied to a conductor is directly pro-
portional to the current (I) that �ows through it, as
long as the resistance (R) remains unchanged. Es-
sentially, this means that if you increase the voltage,
more current will �ow, but only if the resistance
doesn't change. For example, turning up the volt-
age in a circuit will cause more electrons to move,
which increases the current. On the other hand,
if the voltage is held constant, increasing the re-
sistance (such as adding a resistor to the circuit)
will reduce the current because the electrical �ow is
"slowed down" by the higher resistance.

The relationship is captured by the equation
V=IÖRV, which helps engineers and scientists de-
sign and analyze electrical circuits [50]. This sim-
ple yet powerful equation is fundamental to under-
standing how electricity behaves in all kinds of cir-
cuits. Whether it's a basic household device like
a light bulb or electric heater, or a sophisticated
system like integrated circuits in modern electron-
ics, Ohm's Law applies everywhere. It allows engi-
neers to predict how changes in voltage or resistance
will a�ect the current, making it easier to design
e�cient circuits and troubleshoot electrical prob-
lems. For instance, knowing how much current will
�ow through a component helps engineers prevent
overloading circuits or ensure that devices operate
within safe limits.

Ohm's Law is crucial in many applications. In
household appliances, such as toasters or water
heaters, it ensures proper functioning by regulat-
ing electrical heating. In more complex systems
like smartphones, computers, or electric vehicles,
Ohm's Law is essential for controlling the current
and voltage to ensure reliable operation. From
power distribution networks to miniature gadgets,
Ohm's Law remains a fundamental tool for under-
standing and managing electrical �ow. However,
Ohm's Law is more than just a formula. The re-
sistance (R) of a conductor can change depending
on environmental factors, such as temperature. For
example, in metals like copper and aluminum, re-
sistance increases as temperature rises, which must
be accounted for in circuits operating in high-heat
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environments. Similarly, in semiconductors, the re-
lationship between voltage and current isn't always
linear, meaning Ohm's Law doesn't apply the same
way as it does for regular conductors.

In engineering and electronics, Ohm's Law is vi-
tal because it allows engineers to predict and control
circuit behavior. By understanding the relationship
between voltage, current, and resistance, they can
calculate the precise voltage needed to achieve a
speci�c current or determine the resistance required
to prevent excessive current �ow. This ensures that
circuits work as intended and that components are
protected from damage. For example, in design-
ing mobile phones, computers, and household appli-
ances, engineers use Ohm's Law to optimize perfor-
mance, selecting appropriate resistors, capacitors,
and other components to ensure devices function
e�ciently, consume minimal power, and operate re-
liably under varying conditions.

In power systems, Ohm's Law ensures the safe
and e�cient distribution of electricity. Engineers
use it to design power grids that deliver the correct
voltage from generators to consumers while mini-
mizing losses due to resistance in transmission lines.
By calculating appropriate voltage levels and re-
sistance characteristics, they ensure power is dis-
tributed reliably over long distances with minimal
waste. Ohm's Law is also key in designing trans-
formers and circuit protection devices, which help
maintain the integrity of the entire power distribu-
tion system.

Overall, Ohm's Law is the foundation of mod-
ern electrical engineering and electronics. It spans
industries from consumer electronics to large-scale
power generation, helping engineers design more re-
liable, e�cient, and safe systems that meet the de-
mands of today's technology-driven world.

Ohm's Law is not only fundamental for under-
standing current, voltage, and resistance, but it
also plays a crucial role in understanding electrical
power (P). Electrical power is the rate at which en-
ergy is consumed or produced in a circuit, and it is
directly related to voltage and current. The power
dissipated by a component can be calculated using
the formula P=VÖI, where P is power in watts (W),
V is the voltage across the component, and I is the
current �owing through it. This equation helps de-
termine how much energy is being converted into
heat or light, which is especially important when
designing circuits to ensure safe operation. Addi-
tionally, Ohm's Law allows us to expand the power
equation in di�erent forms depending on the cir-
cuit conditions. For instance, if the resistance R is
known, power can also be calculated as P=I2ÖR, or
alternatively, P=V2/R . These variations are useful
when either the current or the voltage is known, but
the other is not directly measurable. They are es-
pecially helpful for calculating the power dissipated
by resistive components, like resistors, where en-
ergy is typically lost as heat. By applying Ohm's
Law and these power equations, engineers can en-

sure that components in a circuit are properly rated
for their power dissipation, preventing overheating
or damage. For example, in high-power applications
such as electric motors or power supplies, it's cru-
cial to select components that can safely handle the
expected power levels to avoid failures or �res. In
smaller devices, such as smartphones or laptops, ef-
�cient power management is key for extending bat-
tery life and preventing overheating during use. In
summary, Ohm's Law helps engineers understand
and control current, voltage, and resistance, and
it also aids in calculating electrical power. By us-
ing the expanded power equations, engineers can
design circuits that are e�cient and safe, ensuring
components can handle the required power without
risk of damage or overheating. This is critical in
various applications, from everyday electronics to
large-scale industrial systems, where reliable power
management is essential for performance and safety.

Overall, Ohm's Law is not just a theoretical
principle but a practical and indispensable tool that
plays a critical role in both everyday life and the ad-
vancement of modern technology. Its simplicity and
reliability make it a foundational concept in electri-
cal engineering [51], helping to bridge the gap be-
tween abstract theory and real-world applications.
A solid understanding of Ohm's Law enables engi-
neers, technicians, and designers to create electrical
systems that are both e�cient and safe, ensuring
optimal performance and functionality.

By applying Ohm's Law, we can predict how
electrical current will behave in various circuits,
whether it's a small household appliance or a com-
plex industrial system. For example, it allows us to
calculate the exact voltage required to drive a cer-
tain current through a circuit [52] or determine the
appropriate resistance to limit the �ow of current
to safe levels. This capability is crucial for avoiding
overloading, reducing the risk of overheating, and
ensuring the longevity of electronic components. In
consumer electronics, such as smartphones, laptops,
and wearable devices, Ohm's Law helps optimize
the performance and energy e�ciency of circuits,
contributing to longer battery life and stable oper-
ation.

Methodology

This research explores how linear algebra can be
used to solve engineering problems, speci�cally fo-
cusing on analyzing DC circuits with two loops.
The main objective of the study is to develop an
e�cient and accurate method for calculating the
electric currents in these circuits [53], using lin-
ear algebra techniques, with particular emphasis on
Cramer's rule. Cramer's rule is a well-established
method for solving systems of linear equations, and
in this context, it is applied to �nd the current val-
ues in each loop of a circuit based on Kirchho�'s
laws. Kirchho�'s First Law governs current distri-
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bution at each node, while Kirchho�'s Second Law
relates the voltage around each loop. These laws
give rise to three linear equations representing the
currents at di�erent points in the circuit: I1, I2,
and I3.

After establishing these equations, the research
converts them into matrix form, which simpli�es the
process of solving the system of equations. While
Cramer's rule is used for this purpose, the study
also explores the matrix inverse method as an alter-
native approach. This method is particularly help-
ful for larger, more complex systems, as it allows
for direct calculation of current values without the
need for time-consuming and error-prone determi-
nant and cofactor calculations. Software tools like
MATLAB [54] are especially useful in this process,
as they enhance both the speed and accuracy of
the calculations, particularly when dealing with 3x3
matrices, which are the focus of this study.

MATLAB [55] o�ers several advantages, espe-
cially in terms of computational speed and preci-
sion. It can handle complex numerical calculations
quickly and accurately, making it an invaluable tool
for analyzing more complicated circuits. Addition-
ally, MATLAB [56] provides visualization tools that
help users interpret and analyze the results more
easily. The software not only speeds up the solution
of the system of equations but also reduces the like-
lihood of human error, which is common in manual
calculations.

This study enhances computational e�ciency by
using the matrix inverse method, particularly when
dealing with systems involving multiple variables.
This approach allows for direct calculation of cur-
rent values, streamlining the process compared to
other methods. Additionally, the matrix inverse
method can be extended to handle more complex
circuits, such as AC circuits or those with non-linear
components, which require more advanced mathe-
matical techniques.

In conclusion, this research demonstrates that
applying linear algebra, particularly Cramer's rule
and the matrix inverse method, provides an e�cient
and e�ective way to solve engineering problems in
circuit analysis. These methods are not only use-
ful for analyzing two-loop DC circuits, but they can
also be applied to more complex electrical engineer-
ing challenges, such as circuits with multiple loops
or non-linear elements. Moreover, the use of MAT-
LAB [57] signi�cantly accelerates the calculation
process, improving both the accuracy and e�ciency
of circuit design and analysis. The techniques de-
veloped in this study are also adaptable to other
engineering �elds, making them valuable tools for
modern electrical engineering applications.

Result and Discussion

By applying Kirchho�'s laws to a two-loop circuit
with two voltage sources and three resistors, we can
derive linear equations that describe the relation-

ship between the currents in each loop. For exam-
ple, let's de�ne the current in the �rst loop as I1
and the current in the second loop as I2. By ana-
lyzing the voltage changes across the components,
we can create two equations that re�ect Kirchho�'s
Voltage Law (KVL) for each loop.

For the �rst loop, the equation would be:
I1R1+I2R2=V1, where R1 and R2 are are the re-
sistances, and V1 is the voltage source in the �rst
loop. For the second loop, the equation is:

I1R2+I2R3=V2, where R3 is the resistance in
the second loop, and V2 is the voltage source in the
second loop. After obtaining these two equations,
we can solve them algebraically to �nd the values of
the currents I1 dan I2. If we add a third equation
that describes the relationship between the currents
at another point in the circuit, we then have a sys-
tem of three equations with three variables to solve.
In this case, we can use Cramer's Rule with matrix
determinants to �nd the solution. Below is the cal-
culation for two electrical circuit problems.

Example 1: From the �rst circuit (Fig. 1.), we
have the following equations:

Loop I : 2I1 + 2I2 = 6
Loop II : 1I 2 + 2I3 = 8
Hukum I Kircho� : I1 + I 2 = I 3.

Gambar 1: Electrical Circuit 1

Steps:
1. Transform the above equations into a system

of linear equations:
2x1 + 0x2 + 2x3 = 6
0x1 + 1x+ 2x = 8

1x1 + 1x2 − 1x3 = 0 (2)

2. Convert the system into matrix multiplica-
tion form.

3. Use Cramer's rule to determine x1 = I1, x2
= I2, dan x3 = I3.

4. Determine the determinants of matrices P,
P1, P2, and P3 using the minor-cofactor method.

5 . After calculation, the results are I1 = 0.25
A, I2 = 2.5 A, and I3 = 2.75 A.

Example 2: For the second circuit (Fig. 2.), we
have the following equations:

Loop I : 12 I1 + 6I2 = 24
Loop II : 6 I2 + 6I3 = 18
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Gambar 2: Electrical Circuit 2

Steps:
1. Transform the above equations into a system

of linear equations:
12x1 + 6x2 + 0x3 = 24

0x1 + 6x2 + 6x3 = 18

1x1 + 1x2 − 1x3 = 0 (3)

2.Convert the system into matrix multiplication
form.

3.Use Cramer's rule to determine x1 = I1, x2 =
I2, dan x3 = I3.

4.Determine the determinants of matrices P, P1,
P2, and P3 using the minor-cofactor method.

5.After calculation, the results are I1 = 1A, I2
= 2A, and I3 = 1A.

In a DC two-loop electrical circuit, di�erences in
the direction of the voltage sources between the two
loops can cause a sign reversal in the current calcu-
lation. This happens because the assumed direction
of current in each loop might not align with the ac-
tual polarity of the voltage sources. For example,
if a loop is traversed from the negative (-) termi-
nal to the positive (+) terminal of a voltage source,
the current calculated using methods like Cramer's
Rule will �ow in the opposite direction compared
to the conventional direction of the voltage source,
which �ows from positive (+) to negative (-). This
di�erence in direction has a signi�cant impact on
the calculation of the electromotive force (EMF) for
that loop. The EMF, which represents the potential
di�erence, depends on how the voltage source is tra-
versed within the loop. If the current �ows against
the polarity of the voltage source (from negative to
positive), the voltage contribution is negative in the
loop's equation. Conversely, if the current �ows in
the same direction as the voltage source, the EMF
is positive. These directional di�erences a�ect the
signs in the equations derived from Kirchho�'s Volt-
age Law (KVL), which are used to calculate the cur-
rents and voltages across each component. It's im-
portant to accurately account for these sign changes

to ensure that the current and voltage calculations
accurately re�ect the true behavior of the circuit.

The directionality of voltage sources and cur-
rent �ow is crucial to ensuring the consistency of
the solution when using Cramer's Rule. Since this
method solves a system of linear equations, the sign
of the current depends on how the voltage sources
are treated relative to the chosen loop directions.
Misinterpreting the direction of the voltage sources
can lead to incorrect current directions or volt-
age drops across components, ultimately a�ecting
the accuracy of the circuit's performance analysis.
Therefore, it is essential to carefully consider the
orientation of voltage sources and current directions
when solving for electrical parameters in a two-loop
DC circuit. Additionally, the direction of the elec-
tromotive force (EMF) is directly linked to the �ow
of electrons in the circuit, which is a key concept
in electrical engineering and physics. According to
standard conventions, electrons �ow from the neg-
ative terminal to the positive terminal of a voltage
source. This movement creates the electrical cur-
rent in the circuit, which, by convention, �ows from
positive to negative. The direction of current �ow is
tied to the motion of electrons, and understanding
this relationship is vital for accurate circuit anal-
ysis. If the loop direction in the circuit opposes
the orientation of the voltage source, the behav-
ior of the electrons will be a�ected. In this case,
the voltage source will try to push the electrons in
the opposite direction of the assumed current di-
rection. As a result, the actual electron �ow will
reverse, and the current calculated using methods
like Cramer's Rule will re�ect this reversal. Specif-
ically, both the magnitude and direction of the cur-
rent will be reversed. For example, if the current
was initially calculated to �ow in one direction, the
reversal could indicate that the actual current �ows
in the opposite direction, which would change the
expected voltage drops and power dissipation across
components. This change in direction is signi�cant
for the circuit's analysis and understanding. When
solving circuit equations with Cramer's Rule or any
other method, it's crucial to account for such re-
versals to ensure that all variables, such as current
and voltage, are correctly oriented. Incorrectly as-
suming the direction of current can lead to errors
in calculating electrical parameters like voltage or
power consumption, which would a�ect the accu-
racy of the circuit's performance analysis. There-
fore, the interaction between the EMF direction,
electron �ow, and current direction is a critical fac-
tor for solving electrical circuits correctly.

.This code performs the matrix inversion and
multiplication to calculate the solution for the un-
knowns in Circuit A.= = When applying Cramer's
Rule with the minor-cofactor method in circuit
analysis, it's crucial to pay careful attention to the
choice of loop direction. The loop direction should
align with the direction of the electromotive force
(EMF). The loop direction represents the assumed
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current �ow around a closed circuit loop, while the
EMF is the force driving the current, determined
by the polarity of the voltage sources in the cir-
cuit. If the loop direction is incorrectly aligned
with the voltage source, the resulting current cal-
culations can be reversed. This misalignment can
cause discrepancies between theoretical results and
the actual behavior of the circuit. Such errors be-
come more problematic when analyzing complex
circuits, leading to incorrect predictions for the cur-
rent and voltage values across components. Addi-
tionally, mistakes in determining the loop direction
or assigning the correct signs to the voltage sources
can signi�cantly a�ect the accuracy of the calcu-
lations. For example, it could result in a positive
current being calculated when the actual current
should be negative, or vice versa. This issue is par-
ticularly pronounced in multi-loop circuits, where
multiple voltage sources and components interact,
further complicating the analysis. To prevent these
errors, it's important to carefully apply Kirchho�'s
Voltage Law (KVL) for each loop, ensuring that the
voltage contributions from each component are ac-
counted for consistently with the assumed current
direction. A solid understanding of current �ow and
EMF directionality is essential for correctly apply-
ing Cramer's Rule. In summary, having a clear un-
derstanding of the relationship between loop direc-
tion, voltage sources, and current direction is key
when using Cramer's Rule in circuit analysis, espe-
cially for complex circuits. By ensuring these di-
rections are consistently de�ned and followed, the
analysis will be more accurate, leading to more reli-
able results and better circuit design, optimization,
and troubleshooting.

The Matrix Inversion Method is a powerful tech-
nique for solving systems of linear equations, com-
monly used in circuit analysis to determine un-
known currents or voltages. For Circuit A, after
applying the matrix inversion method, the solu-
tion obtained is x=[0.2500;2.5000;2.7500]. This so-
lution represents the values of the unknown vari-
ables, which could correspond to currents or volt-
ages in di�erent parts of the circuit.To solve for the
unknowns, the following MATLAB code was used:

Matlab Copy
a = [2 0 2; 0 1 2; 1 1 -1];
b = [6; 8; 0];
x = inv(a) * b;
This code performs the matrix inversion and

multiplication to calculate the solution for the un-

knowns in Circuit A.
In this case, A represents the coe�cient ma-

trix of the system, and b is the vector of con-
stants from the equations. By calculating the in-
verse of matrix A and multiplying it by b, we ob-
tain the solution vector x, which provides the val-
ues for the unknowns. For example, the result
x=[0.2500;2.5000;2.7500] indicates the values of the
currents or voltages in di�erent loops or components
of the circuit. Similarly, for Circuit B, applying
the same matrix inversion method gives the solution
x=[1.0000;2.0000;1.0000], calculated as follows:

Matlab Copy
a = [12 6 0; 0 6 6; 1 -1 1];
b = [24; 18; 0];
x = inv(a) * b;
This method e�ciently provides the solution for

Circuit B as well.
In the case of Circuit B, A represents the coef-

�cient matrix and b is the constant vector. The
MATLAB function inv(A) calculates the inverse
of the coe�cient matrix, and by multiplying this
inverse with b, we obtain the solution vector x.
This solution, x=[1.0000;2.0000;1.0000], provides
the values for the unknowns, such as currents or
voltages, at various points in Circuit B. Both cir-
cuits demonstrate how the matrix inversion method
can e�ciently solve the systems of linear equations
that arise in electrical circuit analysis. This ap-
proach is especially helpful when dealing with mul-
tiple equations and unknowns. With MATLAB's
built-in matrix manipulation functions, this method
is easy to implement, even for larger and more com-
plex systems. The results obtained give the nec-
essary values to analyze and optimize the perfor-
mance of the circuit, showcasing the method's re-
liability and precision in electrical engineering ap-
plications. Figure 3. shows the results from the
MATLAB matrix inversion calculation.

For Circuit A, Cramer's Rule also gives the same
solution: x=[0.2500;2.5000;2.7500]. Similarly, for
Circuit B, the solution is x=[1.0000;2.0000;1.0000].
While Cramer's Rule produces correct results in
both cases, it is more suitable for smaller systems
of linear equations, where the number of variables
and equations is limited. This is because Cramer's
Rule involves calculating the determinants of the
coe�cient matrix and modi�ed matrices, which are
obtained by replacing certain columns with the con-
stant vector. This process becomes ine�cient and
time-consuming as the size of the system increases.
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Gambar 3: Results from MATLAB-based matrix inversion

This study compares the use of matrix inver-
sion in MATLAB and matrix inversion through
Cramer's Rule for solving electrical circuit prob-
lems. Both methods are used to solve the systems
of linear equations that arise in circuit analysis, but
they di�er signi�cantly in their approach and appli-
cation.

1. Matrix Inversion Using MATLAB:

� Approach: In MATLAB, matrix inver-
sion is performed using built-in functions
like inv(). If we have a system of lin-
ear equations in the form Ax=b, we can
compute the solution x directly using the
formula x=A=1.b.

� Advantages:

� E�ciency: MATLAB can quickly
and e�ciently solve matrix inversion
problems, especially for large matri-
ces. It uses optimized numerical al-
gorithms that minimize the risk of
errors, even with unstable matrix in-
versions.

� Ease of Use: MATLAB makes the
process easy and fast by utiliz-
ing pre-existing functions, requiring
minimal e�ort from the user.

� Accuracy: MATLAB is reliable for
handling complex, large-scale nu-

merical calculations and accounts
for rounding errors, ensuring higher
precision.

� Usage in Electrical Circuits: In cir-
cuit analysis, this method is often used
to solve the systems of equations de-
rived from Kirchho�'s current and volt-
age laws. Matrix inversion allows for di-
rect calculation of current and voltage
values in complex circuits.

2. Matrix Inversion Using Cramer's Rule:

� Approach: Cramer's Rule solves sys-
tems of linear equations using deter-
minants. For a system Ax=b, each
variable xi can be found by calculating
xi=det(Ai)/det(A), where Ai is the ma-
trix obtained by replacing the i-th col-
umn of matrix AAA with the constant
vector b.

� Advantages:

� Mathematical Insight: Cramer's
Rule provides a deeper understand-
ing of the properties of linear sys-
tems and determinants, making it
more intuitive for theoretical anal-
ysis.
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� Suitable for Small Matrices: When
the matrix A is small (e.g., 2x2 or
3x3), Cramer's Rule is quick and
easy to apply.

� Limitations:

� Ine�cient for Large Matrices: For
large matrices, calculating deter-
minants and forming the Ai ma-
trices for each variable becomes
highly ine�cient, time-consuming,
and resource-intensive.

� Dependence on Determinants: If the
determinant of matrix A is zero, the
system has no unique solution, and
Cramer's Rule cannot be applied.

� Usage in Electrical Circuits: Cramer's
Rule is more suitable for simpler circuits
with fewer equations and variables. For
more complex circuits, it becomes im-
practical, and matrix inversion methods
are recommended instead.

Tabel 1: Comparison Between the Two Methods

In summary, while Cramer's Rule is useful for
small, simple circuits, MATLAB's matrix inversion
is far more e�cient and reliable for larger, more
complex electrical circuit problems.

Conclusion

MATLAB is ideal for analyzing complex electri-
cal circuits, especially those involving many linear
equations and variables. It excels at handling com-
plex numerical calculations quickly and accurately,
particularly when dealing with large matrices. In
circuits analyzed using Kirchho�'s laws, or circuits
with multiple components like resistors, capacitors,
and inductors, we often encounter systems of equa-
tions that need to be solved for various currents and
voltages. In such cases, matrix inversion allows us
to directly solve these systems. MATLAB's built-in

functions, like inv(), enable us to compute the in-
verse of a circuit's coe�cient matrix and multiply
it by the constant vector to �nd the solution. This
approach is far more e�cient than manual methods,
such as Cramer's Rule, which becomes impractical
for large systems due to the complexity of calcu-
lating determinants. Additionally, MATLAB han-
dles complex numerical problems with high preci-
sion and stability, which is essential for analyzing
large and dynamic circuits. Another advantage of
MATLAB is its data visualization tools, which al-
low us to graphically display currents, voltages, and
other circuit elements, making it easier to interpret
the circuit's behavior. In summary, MATLAB saves
time, reduces the risk of calculation errors, and pro-
vides an e�cient way to analyze even the most com-
plex electrical circuits with many components and
variables. Cramer's Rule, on the other hand, is bet-
ter suited for simpler circuits with only a few linear
equations and variables. In these cases, the system
of equations can be solved by hand, and Cramer's
Rule provides an intuitive way to �nd the solution.
For example, in a circuit with just a few resistors
and voltage sources, solving a small number of equa-
tions is manageable. However, as the circuit be-
comes more complex with more variables, Cramer's
Rule becomes ine�cient. Calculating the determi-
nant for each variable becomes increasingly di�cult
and time-consuming. Manual calculations are also
more prone to errors, especially when forming re-
placement matrices. Additionally, as the size of the
system grows, the method requires more memory
and computational power, making it impractical for
larger systems. In short, while Cramer's Rule is
helpful for understanding the theory behind linear
systems and determinants, it is not ideal for com-
plex electrical circuits. For such cases, methods like
matrix inversion in MATLAB are much more e�-
cient and accurate, minimizing errors and handling
larger systems with ease. Acknowledgements The
author would like to express gratitude to the rec-
torate and the foundation for their support, which
has contributed to the realization of this research.
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