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ABSTRACT 
This article presents the user manual for the application entitled: Modelagem de Sistemas 
Físicos - Simulador Gráfico de Circuitos RLC (SimuRLC), developed to assist students in the 
field of Electrical and Electronic Engineering in understanding the mathematics for analyzing 
RLC circuits and the application of the Laplace Transformation involved in the process. This 
topic is highly relevant in the current context of accelerated digital transformation, where 
connectivity and the advancement of the Internet are key-factors. In the industrial sector, this 
evolution requires the use of mathematical models as a tool to face challenges in production 
environments more efficiently. The manual is divided into stages: (i) Application installation; 
(ii) Presentation of the Laplace Transformation used; (iii) Presentation of the application 
interface; (iv) Case study of a circuit applied in the application; (v) Graphical validation via 
LTspice®. The results obtained through simulations in the application, when compared to 
other software, indicate good agreement and numerical stability. The conclusions obtained 
offer important contributions to the academic field, providing useful information for the 
resolution and analysis for passive RLC circuits. 
 
Keywords: Electric Circuits. Switched RLC Electric Circuits. Laplace Transform. MATLAB®. 
LTspice®. 
 
RESUMO  
Este artigo apresenta o aplicativo denominado: Modelagem de Sistemas Físicos - Simulador 
Gráfico de Circuitos RLC (SimuRLC), esse foi desenvolvido com o objetivo de auxiliar 
estudantes da área de Engenharia Elétrica e Eletrônica, quanto a compreensão da 
matemática para análise de circuitos RLC, e a aplicação da Transformada de Laplace 
envolvida no processo. Este tema é de grande relevância no contexto atual de transformação 
digital acelerada, onde a conectividade e o avanço da Internet são fatores-chave. No setor 
industrial, essa evolução necessita do uso de modelos matemáticos como ferramenta para 
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enfrentar desafios em ambientes de produção com mais eficiência. Dividiu-se o artigo em 
etapas sendo elas: (i) Instalação do aplicativo; (ii) Apresentação da Transformada de Laplace 
utilizada; (iii) Apresentação da interface do aplicativo; (iv) Estudo de caso de um circuito 
aplicado no aplicativo; (v) Validação gráfica via LTspice®. Os resultados obtidos indicam por 
meio das simulações no aplicativo ao compará-los outros softwares indicam boa 
concordância e estabilidade numérica. As conclusões obtidas oferecem contribuições 
importantes para a área acadêmica, fornecendo informações úteis para a resolução e análise 
de circuitos passivos RLC chaveados. 
 
Palavras-chave: Circuito Elétrico. Circuito Chaveado. Transformada de Laplace. 
MATLAB®. LTspice®. 
 
RESUMEN 
Este artículo presenta el manual de usuario de la aplicación Modelagem de Sistemas Físicos 
- Simulador Gráfico de Circuitos RLC (SimuRLC) desarrollada para ayudar a los estudiantes 
de Ingeniería Eléctrica y Electrónica a comprender las matemáticas para el análisis de 
circuitos RLC y la aplicación de la transformada de Laplace. Este tema es de gran relevancia 
en el contexto actual de rápida transformación digital, donde la conectividad y el avance de 
Internet son factores clave. En el sector industrial, esta evolución requiere el uso de modelos 
matemáticos como herramienta para afrontar con mayor eficiencia los retos de los entornos 
de producción. El manual se divide en las siguientes etapas: (i) Instalación de la aplicación; 
(ii) Presentación de la Transformada de Laplace utilizada; (iii) Presentación de la interfaz de 
la aplicación; (iv) Estudio de caso de un circuito aplicado en la aplicación; (v) Validación 
gráfica mediante LTspice®. Los resultados obtenidos mediante simulaciones en la 
aplicación, comparados con otros programas, muestran una buena concordancia y 
estabilidad numérica. Las conclusiones obtenidas aportan información valiosa al ámbito 
académico, proporcionando datos útiles para la resolución y el análisis de circuitos RLC 
passivos. 
 
Palabras clave: Circuito Eléctrico. Circuito Eléctrico RLC Chaveado. Transformada de 
Laplace. MATLAB®. LTspice®.
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1 INTRODUCTION 

In engineering, mathematical modeling plays a fundamental role in representing real 

systems through equations or systems of equations. These enable the analysis of systems, 

whether linear or not, as is the case with electrical and electronic circuits ([1]; [2]; [3]; [4]; [5]). 

These models form the mathematical basis for more detailed investigations into the behavior 

of different types of systems ([5]; [6]; [7]; [8]; [9]), with RLC circuits being one line of research. 

In general, modeling in engineering consists of translating physical, mechanical, 

electrical, biological, or other phenomena into mathematical representations that describe 

their behavior over time or in steady state ([10]; [11]; [12]; [13]). This step is essential for 

understanding, predicting, and optimizing the operation of these systems, allowing engineers 

to design more efficient solutions, perform more accurate simulations, and validate theoretical 

hypotheses before practical implementation. Thus, modeling acts as a link between theory 

and real-world applications, serving as support for analysis, design, control, and decision-

making in different areas of engineering ([7]; [13]; [14]; [15]; [16]; [17]).  

Modeling RLC circuits is essential to understanding how these circuits behave under 

different operating conditions. In this scenario, the Laplace Transform becomes an 

indispensable tool, facilitating the treatment of sets of differential equations, transforming 

them into algebraic equations ([2]; [14]; [18]; [19]; [20]). 

The Laplace Transform is a powerful mathematical technique applied in the analysis 

of linear systems from the time domain to the frequency domain ([10]; [15]; [21]). Its 

importance is mainly due to the difficulty in dealing with differential equations in system 

modeling. Through it, it is possible to clearly separate the input, the output, and the system. 

Another point of great importance is that the Laplace Transform converts differential 

equations into algebraic equations, which makes mathematical calculations simpler to 

perform ([16]; [17]; [18]; [21]; [22]; [23]; [24]; [25]). 

The Modeling of Physical Systems - Graphical Simulator of RLC Circuits (SimuRLC) 

application aims to optimize the graphical construction process associated with the 

waveforms corresponding to each circuit element, as a form of support for analysis. The 

application is structured in two tabs: (i) circuit topology; (ii) waveforms. In tab (i), the user 

must select one of the six available RLC circuit models, which can have one, two or three 

loops. At this stage, it is possible to define the values of the circuit component, as well as to 

set the simulation time as desired. In tab (ii), the user must initially select the number of 

graphs to be displayed and then select the electrical quantities to be analyzed from the listed 

options. Thus, the application constitutes a stable didactic and computational tool, capable of 
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integrating theory and practice in the study of RLC electrical circuits and their analysis through 

the Laplace Transform. 

 

2 THEORETICAL FOUNDATIONS 

2.1 LAPLACE TRANSFORM 

The Laplace Transform is a linear operator widely used in systems analysis, applicable 

to continuous-time functions. Its main objective is to convert a time-dependent function into 

a function in the frequency domain, which simplifies the process of solving and analyzing the 

system, transforming it from the time domain to the frequency domain. By definition, the 

Laplace Transform of a function is expressed as follows ([14]; [26]; [29]): 

 

𝑋(𝑠) = ∫ 𝑥(𝑡)𝑒−𝑠𝑡𝑑𝑡
∞

−∞

#                                                            (1) 

 

Base on this definition, it is possible to recover the original function using the Inverse 

Laplace Transform. This operation is represented as follows: 

 

𝑥(𝑡) =
1

2𝜋𝑗
∫ 𝑋(𝑠)𝑒𝑠𝑡𝑑𝑠

𝑐+𝑗∞

𝑐−𝑗∞

#                                                   (2) 

 

Where: 

c represents a real constant that guarantees the convergence of the integral in Equation (1) ([14]; [27]; 

[29]). 

 

During the application of the Laplace Transform, it is common to use certain properties 

that make the calculations simpler and avoid extensive mathematical operations. Below, 

some of the properties used to perform the mathematical development will be shown. 

 

2.1.1 Time shift property 

According to this property, if a function has a Laplace Transform, then for any time 

delay, we obtain ([29]): 

 

𝑥(𝑡 − 𝑡0)  ↔  𝑋(𝑠)𝑒−𝑠𝑡0#                                                                    (3) 

 

Considering the use of the unit step function, the property can be described as: 
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𝑥(𝑡)𝑢(𝑡)  ↔  𝑋(𝑠)#                                                                   (4) 

 

And, in case there is a time shift of :𝑡0 

 

𝑥(𝑡 − 𝑡0)𝑢(𝑡 − 𝑡0)  ↔  𝑋(𝑠)𝑒−𝑠𝑡0#                                    (5) 

 

2.1.2 Time derivative property 

According to this property, the Laplace Transform of derivative of a function over time 

is given by ([29]): 

 

𝑑𝑥(𝑡)

𝑑𝑡
 ↔  𝑠𝑋(𝑠) − 𝑥(0)#                                                  (6) 

 

Where:   

𝑥(0)is the initial condition of the function immediately before 𝑡 = 0. This property can be extended to 

higher-order derivatives, based on the concept of successive derivatives. 

 

2.1.3 Time integral property 

Finally, the Laplace Transform also has a useful property for integrals. If  𝑥(𝑡)has 

Laplace Transform , then 𝑋(𝑠)([29]): 

 

∫ 𝑥(𝜏) 𝑑𝜏 ↔  
𝑋(𝑠)

𝑠

𝑡

0

−
𝑋(0)

𝑠
#                                           (7) 

 

This property allows transforming integrals into simple algebraic expressions in the 

domain of , thus facilitating the solution of problems involving the accumulation of signs over 

time.𝑠 

 

2.1.4 Other properties of laplace transforms 

In addition to the transforms presented above, there are other Laplace Transforms that 

are very useful in Engineering, which will be presented below in the Laplace Transform table 

(Table 1): 
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Table 1 

Laplace Transforms 

𝑥(𝑡) 𝑋(𝑠) 

1 1

𝑠
 

t 1

𝑠2
 

𝑡𝑛 𝑛!

𝑠𝑛+1
 

𝑒𝑎𝑡 1

𝑠 − 𝑎
 

𝑐𝑜𝑠 𝑎𝑡 𝑠

𝑠2 + 𝑎2
 

𝑠𝑖𝑛 𝑎𝑡 𝑠

𝑠2 − 𝑎2
 

𝑐𝑜𝑠ℎ 𝑎𝑡 𝑠

𝑠2 − 𝑎2
 

𝑠𝑖𝑛ℎ 𝑎𝑡 𝑎

𝑠2 − 𝑎2
 

Source: [29]. 

 

2.2 INITIAL AND FINAL VALUE THEOREM 

2.2.1 Initial value theorem 

 

The Initial Value Theorem establishes a relationship between the initial value of a 

function in time and its Laplace Transform, being expressed as follows ([28]; [29]): 

 

𝑓(0+) = lim
𝑠→∞

𝑠𝐹(𝑠)                                                              (8) 

 

This theorem allows us to determine the value of the variable immediately after 𝑡 = 0, 

that is, immediately after the application of an excitation or change in the circuit. The theorem 

is especially useful in circuits with capacitors and inductors, since the initial value of voltages 

and currents is associated with the initial conditions of energy stored in these elements 

However, the Initial Value Theorem is valid only if does  𝑓(𝑡)not have infinite impulses 

or discontinuities at the initial instant ([28]; [29])element. 

 

2.2.2 Final value theorem 

The Final Value Theorem allows us to determine the steady-state value of a function 

𝑓(𝑡), from its Laplace Transform, and is expressed as follows ([29]; [30]): 

 

𝑓(∞) = lim
𝑠→0

𝑠𝐹(𝑠) #                                                                             (9) 
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This theorem provides the stable (or stationary) value that the variable tends to 

assume after the end of the transient regime. This analysis is widely applied in circuit 

response to verify the final behavior of voltages and currents when the system reaches 

equilibrium. 

 

3 INTERFACE PRESENTATION 

The application installation can be done simply and directly. To do this, the user must 

acess the project's official page on MATLAB® File Exchange, available at the following link: 

https://www.mathworks.com/matlabcentral/fileexchange/182482-modelagem-de-sistemas-

fisicos-simurlc?s_tid=ta_fx_results. In this repository, you will find the application package, its 

documentation, and additional information. After acess the link, simply download the file 

provided and proceed with the installation in MATLAB® through the Add-ons interface. 

The application is divided into 2 tabs: 

In the "Circuits" tab (Figure 1) we have a selection menu to choose which circuit will 

be used. As can be seen in the figure, the program was designed to work with 6 different RLC 

circuits, including one, two and three loops. 

 

Figure 1 

Presentation of the Circuits tab 

 

Source: SimuRLC. 

 

The circuits tab also servers to perform the calculations of current and voltage values 

in each component (Figure 2). 
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Following the numerical order, represented in Figure 2, we have: 

1) Resistance values, depending on the circuit there may be 1 to 3 resistors, and this box 

is where their values will be entered. 

2) Capacitor value, the capacitor value will be entered here, all circuits have only one 

capacitor. 

3) Inductor value, the inductor value will be entered here, all the circuits have only one 

inductor . 

4) Voltage source value, the voltage value in the circuit will be entered here. 

5) Initial simulation value, usually starts at zero, but it is possible to use another initial 

value. 

6) Final simulation value, indicates the time the circuit will operate. 

7) Calculate button, clicking on it perform the calculations for the selected circuit. 

 

Figure 2 

Presentation of the Circuits tab 

 

Source: SimuRLC. 

 

In the "Graphs" tab (Figure 3) we have a selection menu to choose how many graphs 

will be used, with options from 1 to 4 graphs. After choosing the number of graphs, we have 

the option to choose which graph will appear (Figure 4), with the option of voltage graphs for 

any of the circuit components and current graphs. 
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Figure 3 

Presentation of the Graphs tab 

 

Source: SimuRLC. 

 

Figure 4 

Presentation of the Graphs tab 

 

Source: SimuRLC. 

 

4 CASE STUDY 

Next, one of the six circuits available in the application will be presented. This case 

study will analyze how to simulate circuits in the SimuRLC application, and will also show 

how to perform the circuit calculation. 

 

4.1 1-LOOP SWITCHED CIRCUIT 4 

For this case study (Figure 5), the following component values were considered  

R1=30Ω, R2=10Ω,  C=0,25Fand L=4H, the circuit is powered by a voltage source of V=80V. 
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Figure 5 

2-Loop Switched Circuit 4 

 

Source: [30]. 

 

4.1.2 Circuit simulation in the application 

First, a step-by-step guide on how to perform the circuit simulation in the application 

will be shown. 

Once the application is open, the first step is to select the circuit to be used, the 2-

Loop Switched Circuit 4. Then, the next step is to enter the components values: 𝑅1 = 30Ω, 

𝑅2 = 10Ω,  𝐶 = 0,25𝐹and , with an input voltage of 𝐿 = 4𝐻𝑉 = 80𝑉. With the components 

values properly configured, the circuit simulation time must be chosen. In this case, the initial 

time was set to  𝑡0 = 0𝑠and the final simulation time to 𝑡𝑓 = 40𝑠, as shown in Figure 6. Then, 

simply click the calculate button. 

 

Figure 6 

Circuits tab configuration for the case of 2-Loop Switched Circuit 4 

 

Source: SimuRLC. 
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By clicking the calculate button, the application will calculate the selected circuit, and 

the waveforms will be generated. The graphs tab opens, where you first select the desired 

number of graphs (in this example, 4). The 4 graphs will appear, and in each one, you select 

which waveform will be displayed. By changing the switch position to point B in Figure 5, the 

circuit now has only one loop in the second analysis, and finally, there will be 4 waveforms: 

the voltage across resistor 2, the inductor, the capacitor, and the current 𝐼2. These 4 graphs 

were selected in the graphs tab, as illustrated in Figure 7. 

 

Figure 7 

Graphics tab configuration for the case of 2-Loop Switched Circuits 4 

 

Source: SimuRLC. 

 

4.1.3 Circuit modeling 

To perform the calculation, it is necessary to divide the circuit (Figure 5) into two parts: 

(i)  𝑡 < 0and (ii) 𝑡 ≥ 0. Each stage will have a different analysis, because for (i), the circuit is 

in steady state with direct current, where the inductor is a short circuit and the capacitor is an 

open circuit. For (ii), the switch is connected to point B, and the initial voltage and inductor 

current values determined in stage (i) are also available. 
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4.1.4 Analysis for 𝒕 < 𝟎 (steady state in direct current) 

In this phase, the circuit (Figure 8) is in steady state in direct current before any circuit 

changes. The inductor behaves as a short circuit, while the capacitor behaves as an open 

circuit. This part of the circuit is analyzed to find the values of the initial conditions. 

 

Figure 8 

Circuit for 𝑡 < 0 

 

Source: LTspice®. 

 

4.1.5 Mesh Equation and Laplace Transform Setup 

The circuit was analyzed using Kirchhoff's Law, the circuit was modeled, and the 

equation for when the switch is at point A was found to be: 

 

−𝐸𝑢(𝑡) + 𝑅1𝑖1(𝑡) + 𝐿
𝑑𝑖1(𝑡)

𝑑𝑡
+ 𝑅2𝑖1(𝑡)  =  0#                                                       (10) 

 

The Laplace Transform was applied to Equation (9), in the form: 

 

ℒ{𝑓(𝑡)} = 𝐹(𝑠)#                                                                            (11) 

ℒ {
𝑑𝑓(𝑡)

𝑑𝑡
} =  𝑠𝐹(𝑠) − 𝐹(0) →  𝑠𝐹(𝑠)#                                     (12) 

ℒ  {∫ 𝑓(𝜏)𝑑𝜏}  =  
𝐹(𝑠)

𝑠

𝑡

0

#                                                                  (13) 

 

Equations (10) and (11) were substituted into Equation (10): 

 

−
𝐸(𝑠)

𝑠
+ 𝑅1𝐼1(𝑠) + 𝐿𝑠𝐼1(𝑠) + 𝑅2𝐼1(𝑠) = 0#                                                     (15) 
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The values of the components 𝑅1 = 30Ω, 𝑅2 = 10Ω,  𝐿 = 4𝐻and were substituted and 

Equation (15) was adjusted:𝑉 = 80𝑉 

 

𝐼1(𝑠)(30 + 4𝑠 + 10) =
80

𝑠
#                                               (15) 

 

The equation was manipulated in order to determine the current in the frequency 

domain: 

 

𝐼1(𝑠) =
20

𝑠(𝑠 + 10)
#                                                                           (16) 

 

To find the value of the current in the time domain, we use the final value theorem: 

 

𝑙𝑖𝑚 𝑥(𝑡)
𝑡→∞

= 𝑙𝑖𝑚
𝑠→0

𝑠𝑋(𝑠) #                                                      (17) 

 

The final value theorem, Equation (17), was applied, which corresponds to the inductor 

current, i.e., the current 𝐼1, Equation (16), in the form: 

 

𝑙𝑖𝑚 𝑖1(𝑡)
𝑡→∞

= 𝑙𝑖𝑚
𝑠→0

𝑠𝐼1(𝑠) = 𝑙𝑖𝑚
𝑠→0

𝑠
20

𝑠(𝑠 + 10)
=

20

10
 

𝑙𝑖𝑚 𝑖1(𝑡)
𝑡→∞

= 𝑙𝑖𝑚
𝑠→0

𝑠𝐼1(𝑠) = 2𝐴 #                                                                       (17) 

 

Since the switch is at point A for this first phase of the circuit, the capacitor is in an 

open circuit, as it is located at point B of the circuit. Therefore, the initial voltage across the 

capacitor can be defined as zero. 

 

4.1.6 Analysis for 𝒕 ≥  𝟎 (transient regime) 

For 𝑡 ≥ 0, the circuit (Figure 9) is reconfigured, resulting in a new system with a loop. 
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Figure 9 

Circuit for 𝑡 ≥ 0 

 

Source: LTspice®. 

 

4.1.7 Mesh Equation and Laplace Transform Setup 

The circuit was modeled using Kirchhoff's Law, for the switch at point B: 

 

𝐿
𝑑𝑖1(𝑡)

𝑑𝑡
+ 𝑅2𝑖1(𝑡) +

1

𝐶
∫ 𝑖1(𝜏)

𝑡

0

= 0#                                                                        (19) 

 

The Laplace Transform was applied to Equation (19), analogous to that done in 

Equation (10): 

 

𝐿𝑠𝐼1(𝑠) − 𝐼1(0) + 𝑅2𝐼2(𝑠) +
1

𝐶

𝐼1(𝑠)

𝑠
= 0#                                                          (20) 

 

The values of the components 𝑅2 = 10Ω,  𝐶 = 0,25𝐹e  𝐿 = 4𝐻were substituted and 

Equation (20) was adjusted: 

 

𝐼1(𝑠)(4𝑠 + 10 +
4

𝑠
) = 2#                                                           (21) 

 

The current was calculated, and the following result was obtained: 

 

𝐼1(𝑠) =
2

4𝑠 + 10 +
4
𝑠

=
2𝑠

4𝑠2 + 10𝑠 + 4
=

𝑠

2𝑠2 + 5𝑠 + 2
#                                                          (22) 
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Unlike the first analysis for 𝑡 < 0, where only the current in the inductor and voltage 

across the capacitor were needed, now it is necessary to obtain all the voltages of each 

component present in the circuit after the switch is in position B. 

Therefore, the voltage equations for all components in the circuit will now be 

determined. 

To calculate the voltage across resistor  𝑅2,Ohm's Law was used, as follows: 

 

𝑉𝑅2
(𝑠) = 𝑅2𝐼1(𝑠)#                                            (23) 

 

given  𝑅2 = 10𝛺and Equation (22), when substituting into Equation (23), we have: 

 

𝑉𝑅2
= 10

𝑠

2𝑠2 + 5𝑠 + 2
=

10𝑠

2𝑠2 + 5𝑠 + 2
#                                            (24) 

 

For capacitor voltage, the concept of impedance in the Laplace domain is used: 

 

𝑉𝑐(𝑠) =
1

𝐶𝑠
𝐼1(𝑠)#                                                                                 (25) 

 

given  𝐶 = 0,25𝐹and Equation (22), substitute into Equation (26): 

 

𝑉𝑐(𝑠) =
1

0,25𝑠

𝑠

2𝑠2 + 5𝑠 + 2
=

4𝑠

2𝑠3 + 5𝑠2 + 2𝑠
=

4

2𝑠2 + 5𝑠 + 2
#                              (26) 

 

For the voltage across the inductor, which will be applied as follows: 

 

𝑉𝐿 = 𝐿𝑠𝐼1(𝑠)#                                                                 (27) 

 

given  𝐿 = 4𝐻and Equation (22), substitute into Equation (27): 

 

𝑉𝐿 = 4𝑠
𝑠

2𝑠2 + 5𝑠 + 2
=

4𝑠2

2𝑠2 + 5𝑠 + 2
#                                               (28) 

 

4.1.8 Time domain analysis (inverse laplace transform) 

After finding the voltage and current expressions Equations (23), (25) and (27) in the 

components present in the circuit, after the switch is opened at time 𝑡 ≥ 0, in the frequency 
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domain. In the time domain, to find the expressions, the Inverse Laplace Transform was 

applied to each of the voltage and current equations, corresponding to Equations (22), (24), 

(26) and (28). 

Applying the Inverse Laplace Transform to Equation (22), we obtained: 

 

ℒ−1{𝐼1(𝑠)} = ℒ−1 {
𝑠

2𝑠2+5𝑠+2
}                                                (29) 

 

To perform the Inverse Laplace Transform, it is first necessary to factor the 

denominator, as the manipulation depends on the type of roots: 

 

𝐷(𝑠) = 2𝑠2 + 5𝑠 + 2 = (𝑠 + 2)(2𝑠 + 1) = 2(𝑠 + 2) (𝑠 +
1

2
) #                                                   (30) 

 

After factoring the denominator, it was observed that there are two distinct real roots, 

therefore, the partial fraction expansion became: 

 

𝑠

2(𝑠 + 2)(𝑠 +
1
2)

=
𝐴

(𝑠 + 2)
+

𝐵

(𝑠 +
1
2)

#                                               (31) 

 

Equation (31) were multiplied by :2(𝑠 + 2) (𝑠 +
1

2
) 

 

𝑠

2
= 𝐴 (𝑠 +

1

2
) + 𝐵(𝑠 + 2)#                                                         (32) 

 

In the next step, distributive multiplication was performed in order to express a 

polynomial in terms of the complex variable s: 

 

{
𝐴 + 𝐵 =

1

2
𝐴

2
+ 2𝐵 = 0

#                                                                                   (33) 

 

Using Equation (33), we obtained: 

 

𝐴 =
2

3
 e 𝐵 = −

1

6
#                                                                         (34) 
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The residues are substituted into Equation (34): 

 

𝐼1(𝑠) =
2

3

1

(𝑠 + 2)
−

1

6

1

(𝑠 +
1
2)

#                                              (35) 

 

Finally, the Inverse Laplace Transform was applied to the electric current flowing in the 

circuit after the switch operation, expressed by: 

 

𝑖1(𝑡) = (
2

3
𝑒−2𝑡 −

1

6
𝑒−

𝑡
2) 𝑢(𝑡)#                                         (36) 

 

To find the voltage value across Resistor 2, Ohm's Law will be used, as in Equation 

(23). Then the Inverse Laplace Transform will be applied. 

 

𝑉𝑅2
=

10𝑠

2𝑠2+5𝑠+2
= ℒ−1 {

10𝑠

2𝑠2+5𝑠+2
}                         (37) 

 

Based on the analysis performed previously, where the current was obtained, the 

values of the factored denominator, Equation (32), as well as the values of A and B, Equation 

(34), can be used, and the same steps for the previous transformation are performed, where 

the following was obtained: 

 

𝑣𝑅2
= (

20

3
𝑒−2𝑡 −

5

3
𝑒−

𝑡
2) 𝑢(𝑡)#                                           (38) 

 

To find the voltage across the capacitor using the Inverse Laplace Transform, the 

capacitor voltage formula, Equation (25), is used, where this result will be transformed from 

the frequency domain to the time domain, following the same steps as for the other equations 

found: 

 

𝑉𝑐 =
4

2𝑠2 + 5𝑠 + 2
= ℒ−1 {

4

2𝑠2 + 5𝑠 + 2
}                                           (39) 

 

The Inverse Laplace Transform is applied where the same steps were performed 

previously: 
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𝑣𝑐 = (
8

3
𝑒−2𝑡 −

2

3
𝑒−

𝑡
2) 𝑢(𝑡)#                                       (40) 

 

Finally, all that remains is to perform the Inverse Laplace Transform for the voltage 

across the inductor. To do this, use the inductor voltage formula, which was found in the result 

in Equation (28). This result will be transformed from the frequency domain, in the same way 

as for the other voltages: 

 

𝑉𝐿(𝑠) =
4𝑠2

2𝑠2 + 5𝑠 + 2
= ℒ−1 {

4𝑠2

2𝑠2 + 5𝑠 + 2
}                                 (41) 

 

Based on the analysis performed previously, where the current was obtained, the 

values of the factored denominator can be used, Equation (32). 

With this, it is possible to calculate the values of A and B, since for this voltage, we 

have a different analysis. As we have in the numerator, that is, we have the same degree in 

the numerator and denominator, we know that:4s2 

 

−10𝑠 − 4

2(𝑠 + 2) (𝑠 +
1
2)

=
𝐴

(𝑠 + 2)
+

𝐵

(𝑠 +
1
2)

#                                                     (42) 

 

The two partial equations were multiplied by the denominator of Equation (42): 

 

−10𝑠 − 4

2
= 𝐴 (𝑠 +

1

2
) + 𝐵(𝑠 + 2)                                (43) 

 

In the next step, distributive multiplication was performed in order to express a 

polynomial in terms of the complex variable s: 

 

{
𝐴 + 𝐵 = −5

𝐴

2
+ 2𝐵 = −2

#                                          (44) 

 

Using Equation (44) we obtained: 

 

𝐴 = −
16

3
 𝑒 𝐵 =

1

3
                                    (45) 
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The obtained values are substituted and the Inverse Laplace Transform is applied: 

 

𝑣𝐿(𝑡) = (2𝛿(𝑡) −
16

3
𝑒−2𝑡 +

1

3
𝑒−

𝑡
2) 𝑢(𝑡)#                                                                (46) 

 

5 SIMULATION IN LTspice® 

The waveforms generated by the proposed application were validated, and the 

simulation was performed in the LTspice® software, where the circuits used in the example 

corresponding to the previous chapter were simulated. 

For the case of the 2-Loop Switched circuit, the circuit was first assembled, where the 

two operating phases were assembled, pre-switching (Figure 10) and post-switching (Figure 

11), resulting in two circuits.  

 

Figure 10 

2-Loop Switched Circuit (Pre-switching) 

 

Source: LTspice®. 
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Figure 11 

2-Loop Switched Circuit (Post-switching) 

 

Source: LTspice®. 

 

With the circuits properly assembled, the necessary configuration for performing the 

simulations is carried out. Initially, the initial conditions of the circuit in the post-switching stage 

are defined. 

This configuration is done in the LTspice® software, using the "SPICE Directive" 

option, available in the top bar, or by using the shortcut (.). Then, the following command 

must be entered: . CI V(C2)=0 I(L2)=2. 

Thus, the capacitor and inductor shown in Figure (21) start the simulation already 

equal to their initial conditions. 

Before running the simulation, it is necessary to configure the transient. To do this, 

acess the "Configure Analysis" option in the software's top bar, or press the (A) key. In the 

"Transient" bar, define the analysis time in the "Stop time" field, assigning the value of 15. To 

finalize this configuration, scroll to the bottom of the window and add the command ".tran 15 

uic", ensuring that the simulation of the initial conditions is correctly executed. 

At the end of this process, the simulation environment should be similar to that shown 

in Figure (12). 

 

Figure 12 

LTspice® configuration commands 

 

Source: LTspice®. 
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With these settings made, the simulation and verification of the graphs is carried out, 

as shown in Figures (13)-(14), where comparisons are made between the voltage graphs in 

the capacitor (Figure 13) and the current in the inductor (Figure 14), where using the 

MATLAB® software it was possible to overlay both graphs to perform the simulation: 

 

Figure 13 

Comparison of graphs from the SimuRLC and LTspice𝑉𝑐
® applications 

 

Source: MATLAB.® 

 

Figure 14 

Comparison of the graphs from the SimuRLC and LTspice𝐼𝐿
® application 

 

Source: MATLAB.® 
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This allowed us to determine that the simulation differences were minimal and did not 

compromise the overall correspondence between the simulations. In all cases, the simulation 

results from the application (SimuRLC) and the simulation results (LTspice®) were equivalent 

with an error of less than 0,5%. 

 

6 FINAL CONSIDERATIONS 

The development of the Modeling of Physical Systems - Graphical Simulator of RLC 

Circuits (SimuRLC) application demonstrated the feasibility of combining theoretical concepts 

of electrical circuit analysis with practical application within the computational environment. 

Through the integration of the Laplace Transform, mathematical models, and the graphical 

interface, the application proved to be a valuable and efficient tool for teaching and 

understanding the behavior of RLC circuits. 

The case studies presented confirmed the accuracy of the calculations and simulations 

performed by the application, showing high agreement between the results obtained in the 

application and in the LTspice® software, with an error of 0,5%. This correspondence 

validates both the mathematical method used in the application's modeling and the reliability 

of the developed environment. 

In addition, the application contributes significantly to the learning process, allowing 

students to visualize the relationship between differential equations and responses in the time 

and frequency domains, in an interactive and intuitive way. This approach strengthens the 

understanding of the phenomena of charging, discharging, and electrical transients present 

in real systems. 

Therefore, the project achieved its objectives of providing and accessible, accurate, 

and effective educational tool capable of assisting in the study of the Laplace Transform 

applied to electronic engineering.  
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