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Abstract. In the present work, we describes the software developed by the authors,
designed and implemented for teaching and learning physics. The program combines
a simple graphical user interface with a powerful engine that simulates the
fundamental laws of Newtonian mechanics, requiring no programming skills. As the
example, we present the result obtained at study the mathematical pendulum.
The results are in excellent agreement with the theoretical predictions. Versatility and
usability of the computer program make it suitable to be used in a virtual physics
laboratory.
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1. INTRODUCTION

The presence of a virtual laboratory is a natural consequence of the gradual
development and implementation of cutting edge digital technologies in Physics
classes by which the virtual component of learning by experiment and independent
activity has acquired a defining importance. Physics experiments simulation
through an application is especially useful when the studied physical phenomena
cannot be fully explored through normal laboratory instrumentation [1–6]. We may
also notice the utility of the virtual physics laboratory in the understanding of the
physics concepts from simple to complex. As examples of complex systems
described by mean of computer simulations, we may mention here giant
magnetoresistance [7], scanning electron microscope [8], complex models of
polymers [9–11] or liquid crystals [12–14].
Not only teachers, but also students can be involved in the design of the
virtual experiments, which significantly increases their ability to handle physical and
mathematical concepts. Using simulations to study physics as part of the learning
activities based on the investigation has advantages presented in literature [15].
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So far, educational software has been designed and implemented for
teaching and learning physics at an advanced and modern level, both in elementary
schools and in universities [16–17]. The present work briefly describes the
software developed by the authors in order to study the mathematical pendulum.
The mathematical pendulum is one of the simplest, but important device used in
both theoretical and experimental physics. Developing and implementing of the
physics educational software for the laboratory simulations has a number of
advantages such as: compensating the lack of expensive equipment and appliance;
even in the absence of a sufficient number of laboratory sets, the students may do
simultaneous experiments; performing real time experiments simulation which are
unfeasible in laboratory conditions or for security reasons; providing controlled
errors that occur during experimental measurements; computer modeled laboratory
works are reproducible under any circumstances, irrespective of the duration or
external influences.
Virtual experiments may stimulate students’ interest, but do not guaranteed
improving of the understanding of fundamental concepts. However, teachinglearning process optimization can be achieved, by their rational use and by
combining classical instruments and virtual resources [18].

2. THE METHOD

Interactive Interface Physics in the study of mathematical pendulum IP
combines a simple graphical user interface (GUI) with a powerful engine that
simulates the fundamental laws of Newtonian mechanics, requiring no
programming skills (Fig. 1).
The user can introduce elements such as springs, pulleys, joints etc. IP has
the ability to simulate interactions at all levels such as collisions, gravity, air
resistance and electrostatic interactions. Physical quantities such as speed,
acceleration, momentum, kinetic energy and friction force can be measured during
the simulation. The user can display the measured values as numbers, vector
displays, graphics and animated views (Fig. 2).
For more complicated physics conditions, it is impossible to find exact the
solutions [19–21]. IP uses numerical methods to describe the motion of the
mechanical systems. The solution of the problem is obtained by numerical
integration, as in the cases much more elaborated of molecular dynamics
simulations [19–21]. Like in the previously mentioned problem, time is discretized
so that IP calculates the movement and forces, but also ensures that all restrictions
are completed. Specifically, IP finds the instantaneous acceleration of an object and
uses this acceleration to calculate the speed and position at a later time. There are
several methods of numerical integration to calculate new values of velocity and
position at a later time [19].
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Fig. 1 – Interactive Physics graphical interface. The colored versions can be accessed
at http://www.infim.ro/rrp/.

Fig. 2 – Interactive Physics menu and work instruments.
The colored versions can be accessed at http://www.infim.ro/rrp/.
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Fig. 3 – Setting the simulation accuracy in the Interactive Physics interface.
The colored versions can be accessed at http://www.infim.ro/rrp/.

IP Version 9.0.3.806 used in the present study has a window in which the
user can decide the integration method, Euler or Kutta-Merson, the integration
speed, the animation speed and other significant values. An important feature is
that IP has the ability to automatically choose the appropriate time values, as well
as the option to track the simulation errors (Fig. 3).
3. MATHEMATICAL MODEL

The mathematical pendulum (Fig. 4) is a mass point attached to the end of a
wire without weight [22].

Fig. 4 – Schematic representation of the mathematical pendulum.
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The following variables are used: θ = angle made by wire with vertical;
R = the wire length; T = the wire tension; m = the pendulum mass; g = the
gravitational acceleration.
The net torque is   I   , where  = net torque; I = the moment of inertia;
   '' = angular acceleration.
The moment of inertia relative to the rotation axis is I  mR2 . The torque
may be calculated as the cross product between the position vector and the force.
The torque component due to the gravity is    R  m  g  sin . So, we have

 R  m  g  sin  m  R 2   ,
which may be rewritten as

g
R

 ' '   sin  .

(1)

This is the equation of motion of the mathematical pendulum [22, 23].
For small oscillations (θ < 5o) we use the approximation sin    x R .
The equation of motion becomes:
g
(2)
 ''     .
R
The above equation is a linear differential equation which solution is [22, 23]

 (t )  0 cos( g / R  t ) ,
where θ0 is the angular elongation and t is time. The period of the movement is
T

2
g/R

and the frequency:



1
2

g/R .

4. VIRTUAL EXPERIMENT

In this section, we present a screen capture made on the IP interface. The IP
designed experiment has as input parameters: m (the mass of the ball), L
(the length of wire) and g (the gravitational constant). The simulation conditions
are ideal: the wire does not have mass, it is inextensible, there is no resistance from
air, there are no electrical interactions etc. In addition, the amplitude of the
oscillations fulfill the condition that the deviation from the vertical are less than
5 degrees (isochronism condition).
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From Fig. 5, we may see that the place of the experiment can be chosen on
the Earth, on the moon or another planet, using the cursor which can select the
value of the gravitational acceleration.

Fig. 5 – Interface for choosing the gravitational constant.
The colored versions can be accessed at http://www.infim.ro/rrp/.

Fig. 6 – Experiment performed on the Earth.
The colored versions can be accessed at http://www.infim.ro/rrp/.
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Fig. 7 – Snapshot in the intermediate time t1.
The colored versions can be accessed at http://www.infim.ro/rrp/.

Fig. 8 – Snapshot in the intermediate time t2.
The colored versions can be accessed at http://www.infim.ro/rrp/.
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Fig. 9 – Experimental period of oscillation.
The colored versions can be accessed at http://www.infim.ro/rrp/.

Fig. 10 – Experiment on the Moon.
The colored versions can be accessed at http://www.infim.ro/rrp/.
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After collecting data and calculation of the period, we check de dependence
of Texp on 1 / g (Fig. 11) and L (Fig. 12).
Table 1
Values of T and

1 / g collected from simulation

L(m)

g(m/s2)

t1(s)

t2(s)

7

1.00

4.105

20.735

1.000

16.63

7

1.23

3.690

18.690

0.900

15.00

7

1.56

3.275

16.585

0.800

13.31

7

1.67

3.165

16.045

0.774

12.88

7

2.04

2.870

14.515

0.700

11.64

7

2.78

2.455

12.435

0.600

9.98

7

4.00

2.045

10.365

0.500

8.32

8.295

0.400

6.66

6.620

0.319

5.31

4.635

0.224

3.72

7
7
7

6.25
9.81
20.00

1.635
1.310
0.915

1 / g (s / m)

Fig. 11 – Dependence of T on 1 / g .
The colored versions can be accessed at http://www.infim.ro/rrp/.

Texp (s)
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Table 2
Values of T and
L (m)
10.00
9.50
9.00
8.50
8.00
7.50
7.00
6.50
6.00
5.50
5.00

g (m/s2)
9.81
9.81
9.81
9.81
9.81
9.81
9.81
9.81
9.81
9.81
9.81

L collected from simulation

t1(s)

t2(s)

L( m)

Texp (s)

1.570

7.920

3.162

6.350

7.720

3.082

6.185

7.510

3.000

6.030

7.300

2.915

5.860

7.085

2.828

5.690

6.850

2.739

5.500

6.620

2.646

5.310

6.375

2.549

5.120

6.125

2.449

4.920

5.860

2.345

4.705

5.585

2.236

4.485

1.535
1.480
1.440
1.395
1.350
1.310
1.255
1.205
1.155
1.100

Fig. 12 – Dependence of T on L .
The colored versions can be accessed at http://www.infim.ro/rrp/.

From graphs in Fig. 11 and Fig. 12 a dependence between the period T and
L and T 1 / g was
mass m was not revealed, but a linear dependence T
obtained.
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Comparing the simulation results with those theoretically obtained in
classical physics, we conclude that the exact form of the relation T  2 L / g ) is
confirmed by the virtual experiment (IP).
5. CONCLUSIONS

Interest in computer-based learning, especially in the use of virtual reality
simulations is increasing rapidly [24–26]. This article has presented the computer
applications designed for didactic purposes in physics education. The simulation
and virtual laboratories of real experiments are undoubtedly the most important
items of these applications. Among the various possibilities to use computers in
physics teaching, we chose computer simulations because it allows students to
interact with the construction process and scientific knowledge analysis, promoting
a better understanding of physical concepts.
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