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I. Introduction 
Transient phenomena commonly occur in various types of circuits and engineering systems, such as 

electrical, radio frequency, measurement, and automatic control systems. Accurate analysis of this transitional 

phase is essential for evaluating the dynamic characteristics of systems, predicting transient parameters, and 

proposing solutions to enhance performance and ensure operational safety [1], [2], [9]. 

In many cases, if transient currents or voltages are not properly assessed and controlled, they may 

significantly exceed the steady-state values. Such occurrences can not only reduce the accuracy of measurement 

instruments or prolong the startup time of electric motors, but also pose safety risks to both equipment and 

personnel [1]. Therefore, studying transient behavior is not only theoretically meaningful but also has practical 

applications in the design and operation of modern engineering systems [2]. 

A substantial body of research has focused on transient responses in electrical circuits. For example, [3] 

analyzes the transient response of R-L-C circuits connected to a constant DC source using classical integration 

methods and Laplace transforms, emphasizing their relevance in estimating voltage/current at the moment of 

switching and applications in energy storage system control and measurement. Meanwhile, [4] proposes two 

novel approaches for transient analysis in electrical circuits: one combining Fourier series with the Laplace–

Carson transform in the complex domain, and another utilizing the Fourier transform for energy conversion 

circuits, with results validated through MATLAB/Simulink simulations. 

However, for complex transient problems, theoretical calculations can become significantly 

demanding, posing challenges for students and practitioners in applying and interpreting the results effectively. 

ABSTRACT 

In engineering, modern simulation and computational tools play a central role by enabling the precise, 

efficient, and safe analysis, design, and evaluation of complex systems and processes without a complete 

reliance on physical prototyping. The adoption of such technologies not only shortens research timelines 

and reduces experimental costs but also improves accuracy and reliability in the development of 

engineering solutions. 

As systems grow in scale and exhibit increasingly complex nonlinear dynamics, modern simulation 

platforms such as MATLAB & Simulink have emerged as preferred choices due to their powerful 

computational capabilities, intuitive interfaces, and extensive model libraries. This trend facilitates 

researchers and engineers in implementing analytical, optimization, and verification methods from the 

early stages of design, while also meeting the stringent performance and reliability requirements of 

modern engineering systems. 

This study utilizes MATLAB & Simulink to analyze transient responses in linear electrical circuits. 

Specifically, numerical computations are performed using M-file programming based on the state-space 

equation approach to achieve fast and flexible results. In addition, the integration of Simulink and 

Simscape Electrical allows for a visual representation of voltage and current waveforms across 

individual circuit elements. This combination not only enhances the accuracy and visualization of the 

results but also highlights the critical role of digital technologies in the research, education, and design 

of complex electrical systems. 
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In this study, the authors focus on leveraging the advanced capabilities of MATLAB software through 

two complementary approaches. First, M-file programming based on the state-space equation (SSE) formulation 

enables fast and flexible computation, with easy parameter adjustments to analyze the circuit's transient 

response. Second, direct simulation using Simulink and Simscape Electrical provides a visually intuitive 

reconstruction of the circuit's physical structure, allowing real-time observation of voltage and current variations 

across individual elements. 

These two approaches demonstrate the advantages of digital technologies in electrical engineering 

education and research. The combined use of M-file programming for efficient SSE-based computation and the 

visual simulation environment of Simulink–Simscape Electrical enables in-depth system analysis and reliable 

transient response evaluation. Moreover, this integrated methodology creates an interactive learning 

environment that helps shorten the learning curve, enhance training effectiveness, and optimize circuit design 

from the early development stages. 

 

II. Methodology 
2.1. Theoretical Basis of Transient Processes in Linear Electrical Circuits 

The transient process in an electrical circuit is defined as the transitional phase in which the system 

evolves from an initial steady state to a new steady state due to sudden changes in operating conditions [1], [2], 

[9]. Such changes typically result from switching actions (i.e., turning switches on or off), variations in power 

sources, or modifications in circuit parameters such as resistance, inductance, or capacitance. During this period, 

electrical quantities, contain current and voltage, do not remain constant but vary with time. This behavior is 

often described by a system of linear or nonlinear differential equations, depending on the characteristics of the 

circuit. The transient phase concludes when all electrical variables settle to their new steady-state values, and the 

system reaches dynamic equilibrium. 

Analyzing the transient process requires consideration of multiple factors that directly influence the 

computation results. First, the circuit topology and its behavioral parameters must be analyzed to determine the 

natural and transient responses of the system. Next, the initial conditions of the problem, that mean the values of 

current and voltage at the initial moment (typically denoted as t = 0⁺, immediately after the switching event)—

are crucial for determining the specific solution to the differential equations. These initial conditions are 

typically established using switching laws1, 2.Furthermore, the form of the excitation source (voltage pulse can 

be a step signal, harmonic signal or DC signal) governs the forced response behavior during the transient 

process. In addition, key circuit parameters such as the time constant and natural frequency dictate the rate of 

decay and amplitude of oscillations observed in the system’s response. 

Beyond physical considerations, the choice of analytical method significantly affects the accuracy and 

efficiency of the calculations. Classical approaches, such as direct integration or Laplace transform techniques, 

yield exact time-domain solutions but often require advanced mathematical skills and become increasingly 

complex for higher-order circuits. In contrast, modern computational and simulation tools—exemplified by 

MATLAB and Simulink—offer powerful means to solve state-space equations and perform intuitive 

simulations. These tools help shorten processing time and minimize errors arising from manual transformations 

and analytical procedures [6]–[8], [10]. 

 

2.2 Programming the State-Space Equations Using M-files 

 The transient analysis of an electrical circuit begins with the identification of the characteristic state 

variables of the state-space system [5], which are typically chosen as the capacitor voltages uC and the inductor 

currents iL. The number of state variables corresponds to the total number of energy storage elements in the 

circuit, including both capacitors and inductors. Therefore, it is necessary to determine the appropriate number 

of state variables according to the circuit configuration. Once these variables are selected, a system of 

differential equations is established to describe their time-domain variations by directly applying Kirchhoff’s 

first and second laws. The resulting system of equations (1) fully characterizes the dynamic behavior of the 

circuit immediately after the switching operation occurs. 
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Transform the system of differential equations describing the circuit into the matrix form (2). 
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         . .x A x B u= +               (2) 

with the state variable vector is defined as
1 2[ , ,..., ]T

nx x x x=  ,   

 x1,x2….xnisthe state variable. 

The input vector, also referred to as the excitation, is defined as
1 2[ , ,..., ]T

ku u u u=  

A and B are coefficient matrices, where A is a square matrix of order n, and B is a matrix with n rows and k 

columns. 

 The number of output variables is determined by the electrical quantities to be computed in the circuit. 

Based on the problem requirements, the corresponding system of equations describing the outputs is then 

formulated as expression (3). 
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Transform the system of equations (3) into the matrix form (4). 

1, 1, 1,

2, 2, 2,
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         . .y C x D u= +               (4) 

In which the output vector yyy is the vector to be determined. 1 2[ , ,..., ]T

my y y y=

 

C and D are coefficient matrices. By combining equations (2) and (4), the complete state-space system is 

established.  
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            (5) 

To solve a transient linear circuit problem numerically using an M-file, the computation follows the algorithmic 

flowchart shown in Fig. 1.  



MATLAB-Based Transient Analysis of Linear Electrical Circuits 

| IJMER | ISSN: 2249–6645 |                               www.ijmer.com               | Vol. 15 | Iss. 5 | Sep.-Oct.2025| 104 | 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3.Simulation of Transient Response Using Simulink Based on the State-Space Equations 

Based on the state-space model, a block diagram can be constructed in Simulink to simulate the 

transient behavior of the system. This approach enables direct observation of the time-domain responses of the 

state variables and facilitates comparison with theoretical calculations for accuracy verification. Specifically, the 

state-space equations of the electrical circuit, as expressed in (5), are derived from the system of differential 

equations describing the circuit in (1). 

In the MATLAB environment, the initialization process is carried out through an M-file, where the 

coefficient matrices A, B, C, and D, as well as the initial conditions and input signals, are defined. Subsequently, 

in Simulink, the simulation model is constructed using fundamental blocks such as State-Space, Source, and 

Scope, which are interconnected to form the complete block diagram. These blocks are configured by specifying 

the system parameters, input signal characteristics, simulation time, and selecting an appropriate solver. 

Once the simulation is executed, the system responses can be directly observed on the Scope block, allowing for 

detailed analysis of the transient characteristics of electrical quantities such as currents and voltages. 

 

State-Space Equation Formulation of the Circuit 

 

Determination of the initial condition x(0) under Steady-State 

Entering Input parameters, Initial conditions, and State-Space 

matrices A,B,C,D 

 

u=U*ones(1,length(t)) 

[y,x]=lsim(A,B,C,D,u,t,x0) 

Bangkq=[t',x,y] 

subplot(), plot(t,x())  

subplot(), plot(t,y) 

End 

t=t1:step:t2 

t1: the initial time of the transient process 

t2: thờigiankếtthúc QTQĐ 

 

 

start 

Fig. 1. Algorithm flowchart for solving linear electrical circuits in the 

transient state using MATLAB M-file. 
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2.4Simulation of Transient Response Using Simulink – Simscape Electrical Based on the Physical Circuit 

Model 

This approach enables an accurate representation of passive elements (R, L, and C) and their interactive 

characteristics within the circuit. Moreover, the simulation results provide an intuitive visualization of the 

transient response in the form of voltage and current waveforms over time. It can be considered an effective tool 

for evaluating and optimizing electrical system designs throughout the transient process. 

In the Simulink environment, the simulation process using this method is carried out by directly constructing the 

circuit diagram based on the physical model [6], [7]. Electrical components such as resistors, inductors, and 

capacitors are selected from the Simscape – Simscape Electrical library, dragged and dropped into the 

simulation workspace, and interconnected to form a complete circuit. Subsequently, the technical parameters of 

each element are precisely specified according to the problem data, ensuring accurate reflection of the system’s 

real characteristics. The simulation is executed using the Run command, and the transient response of the circuit 

can be visually observed through the Scope block. 

 

3. Kếtquảmôphỏngvàđánhgiá 

Đểminhchứngchoứngdụngphântíchvàmôphỏngmạchđiệnbởiphầnmềm MATLAB ta 

tiếnhànhgiảimạchđiệnquáđộtuyếntínhsauđâyđểtìmcácđápứngdướidạngđườngconguC(t), iL(t) 

vàuRL(t)trongcảmôitrườngMfilevàmôitrường Simulink, cụthể 

Mạchđiệnquáđộtuyếntínhchotrênhìnhvẽ (Hình 2) 

Simulation Results and Evaluation 

To demonstrate the application of MATLAB in the analysis and simulation of electrical circuits, a transient 

linear circuit is solved to obtain the time-domain responses uC(t), iL(t), anduRL(t), the analysis is carried out in 

both the M-file environment and the Simulink environment for comparison and validation purposes. 

The transient linear circuit under consideration is illustrated in Fig. 2. 

 

 

 
with R = 5Ω, L = 0,5 H, C1 = 100 µF, E = 110 V; e(t) = E*(sint+π/3) (V), at time t = 0 the switch K is closed.  

1. Determine the approximate solutions using an M-file, and plot the response curves uC(t), iL(t), anduRL(t) 

using figurecharts to visualize the results.  

2. Simulation of iL(t), uC(t), anduRL(t) in the time interval 0–0.05s using Simulink based on the SSE. 

3. Simulation of iL(t), uC(t), and uRL(t) in the time interval 0–0.05s using Simulink/Simscapebased on the 

physical model. 

The state-space system in form (5) for the circuit is formulated as follows: 
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where the coefficient matrices are given by: 

k i 

C 

L R 

e(t) 

Fig. 2. Schematic diagram of the linear transient circuit. 
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By programming the algorithm in an M-file according to the flowchart shown in Fig. 1, the transient response 

simulation results are obtained and illustrated in the figure plot presented in Fig. 4a. 

Using the Simulink simulation method based on the state-space system, the corresponding state-space model is 

constructed with the following matrices: 

 

1
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; ; ;0 1 0
1

0 0 0 1 1

R

L L
A B C DL

C

 
− −      

     = = = =
     
   −       

 

Based on the established state-space model, the system is simulated within the Simulink environment. 

 
Fig. 3. Block diagram of the circuit represented by the state-space system in Simulink. 

 

Figure 4 presents the simulation results obtained using two approaches: (a) the M-file implementation 

illustrating the transient response via a figure plot, and (b) the state-space model representation in Simulink. The 

close agreement between the two results confirms the consistency of the developed state-space formulation as 

well as the reliability of the M-file based computational method 

 

 
(a) Simulation results obtained from the figure plot in the 

M-file 

 
(b) Simulation results based on the state-space 

system. 

Fig. 4. Transient response simulation iL(t), uC(t), uRL(t) 

 

The transient circuit constructed in Simulink – Simscape based on the physical model is illustrated in Fig. 5a. 

The corresponding transient response simulation results obtained using this method are presented in Fig. 5b. 
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(a) Physical model of the electrical circuit represented in 

Simulink/Simscape 

 
(b) Simulation results based on the physical 

model structure 

Fig. 5. Simulation of the transient responses iL(t), uC(t), and uRL(t) in Simulink/Simscape. 

 

By examining the simulation results of the physical circuit model in Simulink/Simscape, as illustrated in Fig. 

5(b), it is observed that the transient responses are in close agreement with those obtained from the previous two 

approaches. This agreement confirms the consistency among the three modeling methods and further 

demonstrates the reliability and accuracy of the proposed simulation framework. 

 

IV.  Conclusion 
This study confirms that MATLAB is a reliable computational and simulation tool, particularly 

effective for the transient analysis of linear electrical circuits. The M-file programming approach based on the 

state-space representation enables fast and flexible processing, allowing easy modification or replacement of 

state-space models without hardware constraints, while providing accurate quantitative data for system design 

and optimization. In addition, the use of Simulink and Simscape Electrical to simulate circuit responses, either 

from state-space models or physical circuit representations, offers intuitive visualization and realistic 

reproduction of voltage and current variations during the transient period. These simulation results not only 

verify the accuracy of theoretical calculations but also help identify transient phenomena that may affect the 

safety and performance of electrical systems. 

While this study focuses on linear circuits, the presented approaches can be extended to more complex 

systems, including nonlinear circuits, multi-source networks, and power electronic converters. For such systems, 

MATLAB, Simulink, and Simscape Electrical provide powerful environments to handle nonlinear dynamics, 

switching behaviors, and coupled multi-domain effects. This capability highlights the potential of the proposed 

framework to support advanced studies in circuit design, stability analysis, and control of modern power and 

electronic systems. 
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