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ABSTRACT

Java programs with a graphical user interface (GUI) environment have been developed for an
image learning of electric characteristics of resistance (R), capacitance (C), inductance (L), and
their circuits. Text fields of selected parameters for the numerical calculation of the differential
equations to describe the electric characteristics of the circuit are set on the display, such as the
frequency of applied voltage and the values of R, C, L, time increments, and calculation times.
The calculation used Runge-Kutta method is initiated by clicking the start button after inputting
the desired values into the text fields. The calculated results are plotted immediately after the
completion of the calculation as a figure on the display for the simulation of the electric
characteristics of the circuit, such as changes in the voltages and currents with time. By
changing the values in the text fields, the new results are represented immediately, and the
new electric characteristics of the new circuit can be easily simulated. These Java programs are
useful in education applications for rapidly and accurately image learning for the electric
characteristics of the circuit. This program is also useful for learning the phenomena expressed
by ordinary differential equations.

Keywords: Image learning, characteristics of electric circuit, resistance — capacitance —
Inductance, Java programming, voltage — current characteristics of RCL circuits.Introductin

1 INTRODUCTION

In many situations, it is difficult to obtain the variation of the current and voltage in a circuit
composed of a resistance (R), a capacitance (C), and an inductance (L). It is even more difficult
to visualize the variation in the characteristics of the circuits when they are limited by each
component. The electric characteristics of the circuit can be expressed by ordinary differential
equations, which can be solved numerically using the Runge-Kutta method. With the wide use
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of Java programming in a GUI (graphical user interface) environment and the rapid
development of personal computers, the rapidly and accurately image learning for charge
motions in electric and magnetic fields [1] and that for complicated diffusion of Au into Si [2]
have been developed by the Java programming. In this paper, the ordinary differential
equations for RCL circuits are solved numerically, and the voltage-current characteristics of the
circuits are easily and accurately simulated using Java in a GUI environment. These Java
programs are useful in education applications for rapidly and accurately image learning of
electric characteristics of R, C, L, and their circuits.

2 NUMERICAL METHOD FOR ELECTRIC CIRCUITS

2.1 Basic Equations for Voltage-Current Characteristics of R, C, and L

The voltage Vv(t) — current i(t) characteristics of R, C, and L are given as

IR(t)=VR(t), (1)
o dg(t) L dve () (2)
e(t)= dt =C dt

v (0= I_diat(t) , (3)

where, t is time and (t) is the charge of capacitance, and the subscripts refer to each of the
components.

2.2 Differential Equations and Numerical Method for Series RCL Circuits

R Cc L
i(_tl q(t)

vr()  ve(t)  vi(D)

(1)

Figure 1: A series RCL circuit

The electric characteristics of a series circuit with an applied voltage v(t) shown in Figure 1
are given by two ordinary differential equations:

dq(t) . (4)
dt =i,
di(t) v(t)-Ri(t)—q(t)/C (5)
dt L '

In this case, the increment functions for the forth-order Runge-Kutta method are
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6
i (6)
k(l):v(t)—Rij—qj/C (7)
L )

kP=i;+k$h/2, (8)
(@ v(t+h/2)-R(i; +kPh/2)- (g; + kPh/2)/C 9)

2~ L ]
k?=ij+kPh/2, (10)
(O v(t+h/2)-R(i; +k?h/2)-(a; +kPh/2)/C (11)

2 = L ’
ki =i;+kPh, (12)
(o V=R + k&h)-(a; +kPhy/C (13)

2 = L ]

where, h is the increment of t and the subscript ; represents the known variables at a given t.
The details on the calculation of the increment functions are described in the Reference [1]. The
unknown variables 1, and i1 at t + h are given as

1 (14)
G0 =05+ £ 0+ 22+ 20+ ),

(15)

. . 1 2 3
=1+ 0+ 2+ 267+ 49).

If the variables at a certain t are known, the numerical values at t + h can be obtained from
Equations (14) and (15), and then the values for t + 2h, and t + 3h and so on, can be obtained by
repeating the calculations. The voltage for each of the components can be obtained using the
calculated q and i with

Ve (t) =Ri(t), (16)

17

Ve (t) = ? a7

v (8) =Vv(t)—vg(t) -V (1). (18)
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2.3 Differential Equations and Numerical Method for Parallel RCL Circuits

int)

if) Rs |i C
=i 19y o
gl
) L
VreL(f)
(1)
Figure 2: A parallel RCL circuit

ir(t
—>

The capacitance current depends on the change of the applied voltage, dv(t)/dt = Av/At as
shown in Equation (2). If a voltage is applied directly to the capacitance, the capacitance current
results in a very large numerical value depending on h. This occurs when the applied voltage is
switched on or off, or a rectangle voltage is applied. Therefore, it is ideal to connect a series
resistance that has a very small resistivity, in series with the capacitance for the numerical
calculations, as shown Rs in Figure 2. The electric characteristics of the parallel circuit shown in
Figure 2 are given by two ordinary differential equations using Vgrcy(t) = q(t)/C:

di () _ a(t) (19)
dt  CL’
da() _v() _a®) _a®) ;. (20)
dt R, RC RC *

w_ 9 (21)
tocL
@ Vvt) 9 9 . (22)
K= R TRC RC W
S S
(@ rkeh/2 (23)
! cL
o_vt+hi2) gi+kghi2 gi+kghiz g (24)
k3" = R T Re  RC — (i ;+ki™h/2),
S S
k<3>:w(22)h/2 (25)
! cL
vit+h/2) a;+kPhi2 g +kPhrz (26)
KO = ( ) _Gitksh/Z Q;+Ks3 (i, +kPh12),

Ry RC RC
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CL
(3) (3)
MMZWLHD_%+k2h_%+k2h_G_+k@m' (28)
2 Rs RsC RC LR

The unknown variables i1 and g1 at t + h are given as

. . 1 (29)
i =i+ 5 (k) + 287+ K7 + k),
1 30
= + 58+ 260+ 246+ k7). 0
Other variables can be obtained using the calculated i, and q:
q(t) (31)
Vpey (1) = 2,
reL (1) c
. v(t)-v t (32)
Rq
. Vv t 33
'R(t):—RCL( ), 33
R
iC(t)z i(t)—iR(t)—iL(t). (34)

3 PROGRAMMING

In a numerical calculation, values that alternate with time, such as the applied voltage, can
be conveniently expressed as cosine functions instead of sine functions. For example, v(t)=
vocos(2xnft). Here, f is the frequency of the applied voltage. If we use Vv(t) = Vgsin(2xft), then v = 0
at f = 0 despite the existence of a direct electric voltage v = vy. A rectangle voltage, which
corresponds to switch on and off the DC voltage, can be expressed using the cosine function as
shown below.

t[0] =0.0;
v[0] =0.0;
for (i=0;i<=n-1;i++) {
tfi+1] = h+t[i];
fai = Math.cos(2.0*Math.PI*f*t[i+1]);
if (fai>0) {
fai=1.0;
}
if (fai<0) {
fai=-1.0;

}

v[i+1] = vO*fai;

The main flow of the programming is shown below.
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Step 1. Setting the text fields and buttons
N2

Step 2. Calculating the variables using the Runge-Kutta method
N2

Step 3. Selection of the minimum and maximum values of the calculated variables

N

Step 4. Re-calculation of the variable points on the display

N

Step 5. Insertion of the electric circuit

N

Step 6. Graphics

The basic programming for Steps 1 - 4 and Step 6 are same as the programming for the
charge motion in electric and magnetic fields, and their details are previously reported [1]. In
addition, it is useful to show the circuit as shown in Figures 1 and 2, while learning about the
electric characteristics of RCL circuit (Step 5). A basic example of programming in Java to print L,
R and C components and their values is shown below. Each component is prepared using only
g.drawArc and g.drawlLine statements. The functions of the main parts of the program are
written as comments. The results from the program are shown in Figure 3.

/* RCL figure on display by java 2014.02.06 M. Morooka */
/*<applet code="FigRCL.class" width=700 height=600></applet>*/
import java.applet.Applet;
import java.awt.*;
public class FigRCL extends Applet {
public void paint(Graphics g) {
int yh;//height of figure
yh=60;
//inductance
int yLO,xLs,xLf,xw,rD,xLW,degree,xLI,xLr;
yLO=yh/2+50;//y-center of L
xLs=140;//left of L
xw=yh*2/4;
rD=xw*1/2+xw/8;
XLf=xLs+xw+3*rD;//right of L
XLW=xLf-xLs;//width of L
xLI=xw;//length of left-line
xLr=xLl;//length og right-line
degree=231;
g.drawArc(xLs,yLO-yh/2,xw,yh, 180, -degree);
g.drawArc(xLs+rD,yLO-yh/2,xw,yh, degree, -degree-(degree-180));
g.drawArc(xLs+2*rD,yL0-yh/2,xw,yh, degree, -degree-(degree-180));
g.drawArc(xLs+3*rD,yL0-yh/2,xw,yh, degree, -degree);
g.drawlLine(xLs, yLO,xLs-xLI,yLO);
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//resistance

// capacitance

// print of values

g.drawLine(xLf, yLO,xLf+xLr,yLO);

int yRO,xRs,xRf,xRW,xRD,xRI,xRr;

yRO=yLO;//y-center of R

XRI=xLl;

XRr=xLr;

XRs=xLf+xLr+xRI+20;

XRf=xRs+xLW;

XRW=xRf-xRs;//width of R

xRD=xRW/12;

g.drawLine(xRs, yRO,xRs+xRD, yR0O-yh/2);
g.drawLine(xRs+xRD, yRO-yh/2,xRs+3*xRD, yRO+yh/2);
g.drawLine(xRs+3*xRD, yRO+yh/2,xRs+5*xRD, yRO-yh/2);
g.drawLine(xRs+5*xRD, yRO-yh/2,xRs+7*xRD, yRO+yh/2);
g.drawLine(xRs+7*xRD, yRO+yh/2,xRs+9*xRD, yR0-yh/2);
g.drawLine(xRs+9*xRD, yR0O-yh/2,xRs+11*xRD, yRO+yh/2);
g.drawLine(xRs+11*xRD, yRO+yh/2,xRs+12*xRD, yRO);
g.drawLine(xRs, yRO,xRs-xRI,yR0);
g.drawLine(xRs+12*xRD, yRO,xRf+xRr,yR0);

int yCO,xCs,xCf,xCW,xCD,xCl,xCr;

yC0=yL0;//y-center of C

xCl=xLl;

XCr=xLr;

XCs=xRf+xRr+xCl+20;

XCf=xCs+xRW;

xCW=yh/5;//width of C

g.drawLine(xCs-xCl, yCO,(xCs+xCf)/2-xCW/2, yCO0);

g.drawLine(xCf+xCr, yCO,(xCs+xCf)/2+xCW/2, yCO);
g.drawLine((xCs+xCf)/2-xCW/2, yCO-yh/2,(xCs+xCf)/2-xCW/2, yCO+yh/2);
g.drawLine((xCs+xCf)/2+xCW/2, yCO-yh/2,(xCs+xCf)/2+xCW/2, yCO+yh/2);

double r,c,el;

r=50.0;

¢=50.0;

el=10.0;

float rf,cf,elf;

rf=(float)r;

cf=(float)c;

elf=(float)el;

String rs,cs,els;

rs=Float.toString(rf);

cs=Float.toString(cf);

els=Float.toString(elf);

g.drawsString("R = "+rs+" (Q)", (xRs+xRf)/2-35, yR0O-yh/2-5);
g.drawString("C = "+cs+" (UF)", (xCs+xCf)/2-35, yCO-yh/2-5);
g.drawString("L = "+els+" (mH)", (xLs+xLf)/2-35, yLO-yh/2-5);

L = 10.0 (mH) R = 50.0 ({1 €s

g |

Figure 3: Basic print for the L, R, and C and their values, displayed using the Java program
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In this basic numerical calculation involving a series circuit, six text fields for the resistance
coefficient (R Q), the capacitance coefficient (C pF), the inductance coefficient (L mH), the
frequency of the applied voltage (f Hz), the time increments (h sec), and the number of
calculations (n), are set on the display. For the calculations on parallel circuits, another text field
for the series resistance (Rs Q) is added. The inputted values for the R, C, and L are
automatically displayed on each of the components, as shown in Figure 3. The calculated
electric characteristics are plotted on the display, which is separated into two regions. The
applied voltage v(t), current i(t), and charge q(t) are plotted in the upper regions. Each of the
voltages for the components, Vg(t), Vc(t), and v, (t) in the series circuit, or each of the currents of
the components, ir(t), ic(t), and i (t) in the parallel circuit are plotted in the lower regions.

4 RESULTS

The text fields are immediately presented on the display after the execution of the program
by the appletviewer in Java. The calculation is initiated by clicking the start button after
inputting values in the text fields. The figure of the circuit and the voltage-current
characteristics are plotted immediately after the completion of the calculation. The time
required to display the characteristics after clicking the start button is usually less than several
seconds depending on the number of calculations and the performance of the computer. By
changing the values in the text fields and re-clicking the start button, new characteristics can be
obtained immediately.

4.1 Electric Characteristics of Series RCL Circuit

The typical AC characteristics of a series RCL circuit in which the resistance, capacitance, and
inductance are comparably effective, that is, the impedance of each component is nearly equal,
are shown in Figure 4. This figure shows the image on the display. The current is dominated by
the resistivity, found by deducing the sum of the impedances of the capacitance and
inductance, and the current results in same phase as the applied voltage. The phase of the
charge is larger than that of the current by m/2 as shown in Equation (2). The phase of the
voltage across the resistance is same as that of the current. On the other hand, the phase of the
capacitance voltage is larger than the current by /2 and that of the inductance voltage is less
than the current by m/2. The phase of the capacitance voltage is m behind that of the
inductance voltage. These basic electric characteristics of the R, C and L components are
obtained from Equations (1) — (3), and can easily be shown visually on the display. By
decreasing the value of C in the text field by a factor of 10, the new characteristics affected
strongly by the capacitance, in which the phase of the current is less than that of the applied
voltage by m/2 and the larger part of the applied voltage is applied to the capacitance, are
obtained immediately, as shown in Figure 5. At a small t value, a transient characteristic
appears, caused by the initial increase in the voltage from 0 to Vy. The increasing rate of the
voltage is Vo/lh and depends on the inverse of the increment of time. The rate is usually large
and results in a large transient effect on the characteristics of the capacitance, as shown in
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Figure 5. By increasing the value of R in the text field by a factor of 10, relative to that in Figure
4, the new characteristics affected strongly by the resistance can be obtained immediately, and
by increasing that of L by a factor of 10, the new characteristics affected strongly by the
inductance can also be obtained immediately. The maximum value of each variable and the
final times are also shown on the display. By changing the values in the text fields and re-
clicking the start button, the change of the electric characteristics in the series RCL circuit are
easily and accurately recognized and are displayed immediately as an image on the display.

frequncy fiHz), f = 60 resisithvity rifll, R = 100 capacitance cipf), € = 35
nductance ¥mHL L = 300 incremaent of time (s}, h = | 0,00001 calcutation NoL n = | 5000
(stan ) (Cclear ) (Cend )

Voltage - current characteristies of RCL eirenit

§ C=25.0(uF) F=100.0(0
AAA

Figure 4: Typical AC characteristics of a series RCL circuit in which the R, C and L components are comparably
effective. The balues used are shown in the text fields, f = 60 Hz, R =100 Q, C = 25 pF, and L = 300 mH. v(t), i(t),
and q(t) are shown in the upper regions. vy(t), v¢(t), and v, (t) are shown in the lower regions. The current results
in similar phase to the applied voltage, and the phase of the voltage for each component is different by /2 each

other. The maximum values of the variables are also shown on the display

Copyright © Society for Science and Education United Kingdom n



Masami Morooka, Suhua Qian and Midori Morooka; Image Learning of Electric Characteristics of Resistance,
Capacitance, Inductance, and their Circuits by Java Programming, Transactions on Machine Learning and Artificial
Intelligence, Volume 2 No 3, June (2014); pp: 01-19

lllllll ez, f = 60 resisitivity rifl), R = | 100 capacitance clf). € = 2.5
nductance KmH), L = 300 ncrement of time (s), h = 0.0000F  cakulation No.n= 5000

Voltage - cur

Figure 5: Updated AC characteristics of a series RCL circuit affected strongly by the capacitance after
decreasing the value of C by a factor of 10 relative to that shown in Figure 4. The phase of the current is less
than that of the applied voltage by 1t/2 and larger part of the applied voltage is applied to the capacitance

The typical DC characteristic, which corresponds to applying a rectangle voltage pulse, of
the series RCL circuit in which the resistance, capacitance, and inductance are comparably
effective are shown in Figure 6, using the same values in the text fields shown in Figure 4. By
increasing the value of R in the text field by a factor of 10, relative to that shown in Figure 6, the
new characteristics affected strongly by the resistance, in which the shape of the current is
similar to that of the applied voltage and the larger part of the voltage is applied to the
resistance except in the transient regions, can be obtained immediately, as shown in Figure 7.
By increasing the value of L in the text field by a factor of 10 relative to that shown in Figure 6,
the new characteristics affected strongly by the inductance, in which the shape of the current is
shown as a integration of the applied voltage and the larger part of the voltage is applied to the
inductance, can be obtained immediately, as shown in Figure 8. By decreasing the value of C by
a factor of 10 and decreasing the value of L by a factor of 100, the new characteristics affected
strongly by the capacitance, in which the shape of the current is shown as a differentiation of
the applied voltage and the larger part of the voltage is applied to the capacitance, can be
obtained immediately, as shown in Figure 9.
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Figure 6: Typical DC characteristics of a series RCL circuit in which the R, C and L components are comparably
effective. The values used are same as those shown in Figure 4
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Figure 7: Updated DC characteristics of a series RCL circuit affected strongly by the resistance after increasing
the value of R by a factor of 10 relative to that shown in Figure 6. The shape of the current is similar to that of
the applied voltage
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Figure 8: Updated DC characteristics of a series RCL circuit affected strongly by the inductance after
increasing the value of L by a factor of 10 relative to that shown in Figure 6. The shape of the current is shown as
an integration of the applied voltage
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Figure 9: Updated DC characteristics of series RCL circuit affected strongly by the capacitance after decreasing
the value of C by a factor of 10 and decreasing the value of L by a factor of 100 relative to the values shown in
Figure 6. The shape of the current is shown as a differentiation of the applied voltage

4.2 Electric Characteristics of Parallel RCL Circuit

The typical AC characteristics of a parallel RCL circuit in which the resistance, capacitance,
and inductance are comparably effective is shown in Figure 10. The used values in the text
fields are same as the values used in Figure 4, except for the addition of Rs. The total current is
dominated by the resistivity R, found by deducing the sum of the currents in the capacitance
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and the inductance, and the total current results in the same phase as the applied voltage. The
phase of the charge is same as that of the current, that is, it is in phase with the capacitance
voltage. The phase of the resistance current is same as that of the voltage. On the other hand,
the phase of the capacitance current is smaller than that of the resistance current by n/2, and
that of the inductance current is larger than that of the resistance current by n/2. The phase of
the capacitance current is 1 behind that of the inductance current. These basic electric
characteristics of R, C, and L can be easily shown visually on the display. By increasing the value
of C in the text field by a factor of 10, the new characteristics are affected strongly by the
capacitance because the capacitive impedance decreases by a factor of 10 in comparison with
the other impedances. Thus, the phase of total current is less than that of the applied voltage
by nearly /2, and the larger part of the total current is caused by the capacitance current.
Theses characteristics can be obtained immediately, as shown in Figure 11. In this case, the
initial transient current results in very large values, as shown in Figure 11. By decreasing the
value of R in the text field by a factor of 10 relative to that in Figure 10, the new characteristics
affected strongly by the resistance can be obtained immediately, and by decreasing that of L by
a factor of 10, the new characteristics affected strongly by the inductance can also be obtained
immediately. That is, by changing the values in the text fields and re-clicking the start button,
the change in the characteristics of a parallel RCL circuit are recognized easily and accurately as
an image showing the characteristics on the display.

resigithity rfifD), R = 100
fsh b= 0.00001

Figure 10: Typical AC characteristics of a parallel RCL circuit in which R, C and L components are comparably
effective. The blues used are shown in the text fields, f =60 Hz, Rs =1 Q, R=100 Q, C = 25 puF, and L = 300 mH.
v(t), i(t), and g(t) are shown in the upper regions, and ix(t), ic(t), and i (t) are shown in the lower regions. The

total current results in similar phase to the applied voltage, and the phase of the current in each component is
different by /2 each other
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Figure 11: Updated AC characteristics of a parallel RCL circuit affected strongly by the capacitance after
increasing the value of C by a factor of 10 relative to that shown in Figure 10. The phase of total current is less
than that of the applied voltage by nearly rt/2, and the larger part of the total current is caused by the
capacitance current

The typical DC characteristics, which corresponds to applying a rectangle voltage pulse, of a
parallel RCL circuit, in which the resistance, capacitance, and inductance are comparably
effective, is shown in Figure 12 using same values in the text fields as the AC characteristics
shown in Figure 10. In the parallel circuit, the transient current of the capacitance is very large
at the time when the rectangle voltage is changing. The maximum transient current is inversely
proportional to Rs in Figure 3 and is usually very large as shown in Figure 12 because of the
small value of the Rs. The characteristics except in the transient regions are not obvious
because the values are too small in contrast to the transient values. By decreasing the value of
R in the text field by a factor of 10 relative to that shown in Figure 12, the new characteristics
affected strongly by the resistance except in the transient regions, can be obtained immediately,
as shown in Figure 13, in which the shape of the current is similar to that of the applied voltage
and the larger part of the current is caused by the resistance current. By decreasing the value of
L in the text field by a factor of 10 relative to that shown in Figure 12, the new characteristics
affected strongly by the inductance except in the transient regions, can be obtained
immediately, as shown in Figure 14, in which the shape of the current is shown as an
integration of the voltage and the larger part of the current is caused by the inductance current.
By increasing the value of C by a factor of 10 relative to that shown in Figure 12, the new
characteristics affected strongly by the capacitance, in which the shape of the current is shown
as a differentiation of the voltage and the larger part of the current is caused by the
capacitance current, can be obtained immediately, as shown in Figure 15.
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Figure 12: Typical DC characteristics of a parallel RCL circuit in which R, C and L components are comparably
effective. The values used are same as those shown in Figure 10. The transient current of the capacitance is very
large and the characteristics, except in the transient regions, are not obvious because the values are too small in

contrast to the transient values
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Figure 13: Updated DC characteristics of a parallel RCL circuit affected strongly by the resistance after
decreasing the value of R by a factor of 10 relative to that shown in Figure 12. The shape of total current is
similar to that of the voltage and the larger part of the current is caused by the resistance current, except in the

transient regions
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Figure 14: Updated DC characteristics of a parallel RCL circuit affected strongly by the inductance after
decreasing the value of L by a factor of 10 relative to that shown in Figure 12. The shape of total current is
shown as an integration of the voltage and the larger part of the current is caused by the inductance current,
except in the transient regions
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Figure 15: Updated DC characteristics of a parallel RCL circuit affected strongly by the capacitance after
increasing the value of C by a factor of 10 relative to that shown in Figure 12. The shape of total current is shown

as a differentiation of the voltage and the larger part of the current is caused by the capacitance current
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5 DISCUSSION

The accuracy of the calculations using this program depend on the value of the time
increment, h. If we use a too large h, the calculation is not carried out accurately and the
electric characteristics cannot be obtained, as shown in Figure 16. The accuracy of the
calculation is increased by using smaller h values. However, this leads to a larger number of
calculations, thus a longer calculation time is needed to obtain the appropriate characteristics.
It is better to choose a large h value by performing tentative calculations with a relatively small
number of calculations.

fraquncy fHz), f = 60 resisithity fi00), R = 100 eapaciance clpf), C= 2.5
sductance i), L = 3 ingrement of time (), h = 0.0001 ealeulation No., n = 500

wtart ) [ elnar

Voltage - current characteristios of RCL cirenit

vRit Vit vl

Flow e

Figure 16: A sample of a non-accurate calculation using a large h value. The values used for the calculation
are same as those in Figure 9, except for h = 0.0001 and n = 500

The transient current of the capacitance is very large at the time when the changes in the
voltage are large, as mentioned above. This results in the currents in the other components
becoming relatively small such that their characteristics cannot be clearly presented, as shown
in Figure 12. In this case, the characteristics can be clearly presented by selecting the maximum
and minimum points on the display from the currents except in the transient current, as shown
in Figure 17.
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Figure 17: Selection of the maximum and minimum points on the display from the currents except in the
transient current in the capacitance. The values used for the calculation are same as those in Figure 12

A typical oscillation of current in a series LC circuit applied a DC voltage is shown in Figure
18. The observed frequency of the oscillation, 318 Hz, agrees with the theoretical value

obtained using 1/(27z+VLC).
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Figure 18: The typical oscillations of the current in a series LC circuit with a DC voltage applied

6 CONCLUSION

Java programs in a GUI environment have been developed to simulate the electric
characteristics of a resistance, a capacitance, a inductance, and their circuits. The values of the
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selected parameters for the numerical calculation are set using the text fields on the display,
and the calculation is initiated by clicking the start button after inputting these values. The
calculated results are plotted immediately after the completion of the calculation as the figures
of the voltage and current on the display. By changing the values in the text fields and re-
clicking the start button, the new results can be displayed immediately. The simulations of the
characteristics depending on the values of each component in the electric circuit can be
obtained easily and accurately as the changes of the voltage and current with time on the
display. The time required to run a simulation is very short, less than several seconds using a
personal computer. These Java programs are useful in education applications for image learning
about the characteristics of electric circuits because of their ability to quickly provide accurate
depictions of the fundamentals of electric circuits.

This Java program can be applied for rapidly and accurately image learning about the
phenomena expressed by ordinary differential equations, because the Runge-Kutta method is
used for the calculations. By using the Crank-Nicolson’s implicit method and the Gauss-Seidel’s
iteration method, these Java simulations are also useful in education applications for rapidly
and accurately image learning about complicated phenomena expressed by partial differential
equations such as the diffusions of atoms [2] and the propagations of heat and wave.
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