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ABSTRACT:  In present paper we describe an application designed and built in order to obtain a 

simulator for a serial R-L-C circuit. The program for the application was developed using Visual Basic 

software. It allows generating circuit signals for current or voltage when supplied by an AC or DC source 

and comes with a few more options implemented in order to facilitate signal analysis. In fact, the application 

is an improved version of a he length of a previously existing one.  
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1. THEORETICAL 

BACKGROUND 
 

A serial circuit of RLC type becomes more 

complicated to analyze when we want to 

describe second law of Kirchhoff for circuit 

supplied by a source of voltage Ɛ, case in 

which we have to consider as well the voltage 

induced in reel having L inductance [1-3]: 

𝜀 − 𝑖𝑅 − 𝐿
𝑑𝑖

𝑑𝑡
−

𝑞

𝐶
= 0           (1) 

Capacity accumulated on capacitor, q(t), and 

current, i(t) will be solutions for a system of 

two first order differential equations.    

{
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with initial conditions q(t0)=q0 and i(t0)=i0 . 

Substituting first equation in the second one 

of the system we obtain a second order 

differential equation: 
𝑑2𝑞

𝑑𝑡
+

𝑅

𝐿

𝑑𝑞

𝑑𝑡
+

1

𝐿𝐶
𝑞 =

𝜀

𝐿
          (3) 

Applying a continuous voltage, Ɛ=Ɛ0, to serial 

RLC circuit, a particular solution for equation 

3 is constant CƐ0. Solution for homogenous 

equation can be written by means of 

similarities between equation 3 and damped 

linear oscillator equation. Thus, solution for 

equation 3 can be written as: 

q(t)=CƐ0+Ae-αt cos(Ωt-θ) for 𝑅 ≤
𝐿

𝐶
            (4) 

where constants A and θ will be determined 

from initial conditions.  

When voltage Ɛ0 is applied, at t0=0 initial 

conditions are q0=0 and i0=0, due to presence 

of inductance. For an adequate period of time, 

when t→∞, load C on capacitor reaches value 

CƐ0, when current decreases to 0.  

If at a certain moment of time, t0, load on 

capacitor is q0, supply Ɛ is disconnected, thus 

equation 3 becomes homogenous.  

Both load on capacitor as well as current in 

circuit decrease to zero for high time values, 

in shape of damped oscillations [3]. 
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In stationary regime, difference of phase 

between voltage and current is zero with 

condition that resonance circuit frequency ω= 

ω0=
1

√𝐿𝐶
 

Application program actually calculates the 

solution of a second order differential 

equation[2-5]: 
𝑑2𝑞

𝑑𝑡
=

1

𝐿
(Ɛ −

1

𝐶
𝑞 − 𝑅

𝑑𝑞

𝑑𝑡
)          (5) 

 
 

2. SIMULATOR FOR A SERIAL R-

L-C CIRCUIT 

 

The application for simulating serial R-L-C 

circuit is developed by using Visual Basic 

software. We have developed two different 

forms, one for the AC voltage functioning and 

one for DC voltage supply[6-8].  

Among improvements of program for 

simulator we have developed some useful 

options for operator, as can be seen in figure 

1, such as [6]: 

- the application allows changing 

component R, L and C values directly 

from simulator panel, without 

intervening in simulator program;  

- supply voltage is fix and set to 12V for 

reason of maintaining the possibility of 

graphic auto-scaling;    

- we have added a Slider graphic, Yamp, 

such that the signals should be more 

visible, as needed; 

- the simulator has the option “Grid visible” 

checkbox which can be used to hide or 

show grid lines on graphical 

representation; 

- the user can analyze only one signal at a 

time by checking boxes “Current”, 

“Usource” or “Voltage”, or can let all three 

signals visible on the panel, according to 

analysis requirements;   

- switching between AC or DC supply can 

be achieved by clicking specific buttons. 

 

 
Figure 1.  Simulator panel view 

 

In addition, form for DC supply allows 

changing the number of visible periods 

between 1 and 100 complete periods as a 

multiple of 10, in order to be able to get a 

better view for signals that need a greater time 

to be amortized. Form for AC supply allows 

changing values for supply voltage pulsation. 

Program code contains a subroutine for 

testing values given to variables ensuring, 
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thus, that the user won’t use negative values 

for R, L or C. Subroutine code is: 

Private Sub ccGo_Click() 

r = Val(Me.Text1.Text) 

l = Val(Me.Text2.Text) 

c = Val(Me.Text3.Text) 

If r <= 0 Or c <= 0 Or l <= 0 Then 

    MsgBox "Wrong values for components !" 

Else 

    Me.Label2.Caption = o1 

    Call cc //graphic update  

End If 

End Sub 

Sub cc() subroutine determines and draws 

graphics for AC voltage case, draws the grid, 

checks the state of discharge button, the 

checkboxes and uses in algorithm numerical 

methods for a step by step calculus of the 

integral, using initial conditions. Subroutine 

code is listed below: 

Sub cc()  

Dim i As Double 

Dim xg(1 To 3) 

Dim yg(1 To 3) 

pi = 4 * Atn(1) 

alfa = r / (2 * l) //circuit dumping rate 

o10 = 1 / Sqr(l * c) 

f0 = o10 / 2 * pi 

Me.Label2.Caption = Mid(o10, 1, 5) 

o1 = Sqr(o10 ^ 2 - alfa ^ 2) 

per = 2 * pi / o1 

tmax = zoomy * per 

ht = tmax / nt 

Call Grafic(1, tmax, per)  //for grid    

kod = 1 

t = 0 

q = q0 

i = i0 

xg(1) = t 

yg(1) = i 

xg(2) = t 

yg(2) = q 

et1: integrez ht, t, q, i  

    t = t + ht 

    If t > tmax / 2 And descarcare = 1 Then 

kod = 0                   // discharge checking 

    picTrasez.DrawWidth = 3 //drawing 

current 

    If Me.Check1.Value = 1 Then //checkbox  

        picTrasez.Line (xg(1), yg(1))-(t, i), 

QBColor(0)  

    End If 

    picTrasez.DrawWidth = 2 //drawing 

voltage 

    If Me.Check2.Value = 1 Then // checkbox 

        picTrasez.Line (xg(2), yg(2))-(t, q), 

QBColor(12)  

    End If 

    picTrasez.DrawWidth = 2 

    xg(1) = t 

    yg(1) = i 

    xg(2) = t 

    yg(2) = q 

If t < tmax Then GoTo et1 

       If descarcare = 1 Then               

picTrasez.DrawWidth = 2 

        picTrasez.DrawStyle = 1 

        picTrasez.Line (tmax / 2, -0.004 * 

zoom)-(tmax / 2, 0.012 * zoom), QBColor(8) 

        picTrasez.DrawWidth = 1 

        CurrentX = 5250 

        CurrentY = 450 

        Print"capacitor charge                            

capacitor discharge" 

    Else 

        picTrasez.DrawWidth = 1 

        CurrentX = 5250 

        CurrentY = 450 

        Print "capacitor charge" 

        End If 

    ccGo.Enabled = True 

End Sub 

 

3. TESTING SERIAL R-L-C 

CIRCUIT SIMULATOR 

 

 We have testing the simulator functionality 

for all the new options we added, for AC 

supply form as well as for DC supply form. 
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a) Form AC supply-Current, Usource,Voltage         b) Form DC supply –capacitor charge/discharge 

Figure 2.  Simulator panel- all signals view- grid on

Figure 2 a) and b) shows graphic 

representations of all signals that need to be 

analyzed, where we have chosen values 

R=2500Ohm, L=16000H and C=0.0006F. As 

it can be seen, it is rather difficult to visualize 

each signals clearly. 

 

   
a) Form AC supply –only Current signal                    b) Form DC supply –capacitor charge 

Figure 3.  Simulator panel- signal view- grid on

If we need to analyze only one signal in case 

of AC supply form we can check one of the 

signals checkboxes as shown in figure 3.a), or 

if we need to analyze only capacitor charge 

we can press (deactivate) discharge button as 

shown in figure 3.b). 

It is noticeable that for AC supply panel we 

have the option to make changes in  omegaP 

variable value by means of a slider. For any 

variable values changes omega0 is calculated 

and resulted value is visible on the left side of 

the panel.
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a) AC–signals with no grid                             b) DC–capacitor charge/discharge with no grid 

Figure 4.  Simulator panel- signal view- grid off

 For a clearer view of the signals we can 

remove grids from graphical representation as 

illustrated in figure 4. a) and b). As well, we 

can change variable values from the panel, 

without being necessary to make any changes 

in the program or restarting the simulator 

application, as depicted in figure 4.b) where 

variable values were changed for R=500Ohm. 

We can simulate for an AC or DC source and 

we can choose variable values and what 

signal we want to analyze.  

For DC form we can zoom out on Yaxis, but 

we can also zoom out on time axis with a 

multiple of a period in case of signals that 

need a higher period of time for amortization. 

Both zoom cases can be obtained by moving 

the sliders on the left side of the panel. This is 

visible on figure 4.b) where the time axis has 

greater values and the slider is pushed on the 

middle level compared to previous graphical 

representation for the capacitor 

charge/discharge.   

 

CONCLUSION 
 

In present paper we described a better version 

for a simulator used to analyze a serial R-L-C 

circuit. We have brought several changes in 

program code in order to make the simulator 

application give a clearer view of results so it 

can be easier to analyze the obtained signals. 

For further study we plan to develop and 

implement in source code a mechanism for 

saving simulation results, a mechanism for 

exporting graphic values in a *.csv or *.xls 

format file and to transpose the programing 

code in a more up to date programing 

language.  
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