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1  INTRODUCTION 
When speaking about oscillators in school, usually only harmonic oscillators are 
considered: in addition only damping due to viscous friction is generally presented 
in textbooks [1], and authors present the energy decrease as an exponential one. In 
the literature, several articles are devoted to oscillators: some focus on the origin of 
the different shapes of the amplitude decrease from the experimental point of view 
[2-4] or also include a numerical approach [5]; others deal with the energy aspects, 
from the theoretical [6-7]or from the experimental point of view [8]. 
 This contribution deals with real mechanical oscillators, i.e. with damped 
oscillators. The most critical point in considering damped oscillatory systems in 
schools is their more complicated mathematical description. We show that this 
problem can be tackled by using graphic-oriented modeling tools to implement 
and solve the equations numerically. Modern on-line data acquisition equipment 
enables us to manage rather easily the experimental aspects. This approach is 
simple enough to be used in high schools and can also be extended to focus the 
energy aspects. For demonstrating the effectiveness of this approach, we consider 
situations where friction has a different origin, and discuss in particular some 
questions related to the energy decrease of the system. 

2  THE EXPERIMENT 
Our starting point is a standard experiment, performed directly by students. In an 
initial situation the cart simply oscillates on the track (Fig. 1): the equipment we 
used consists of a cart that can move along a horizontal low friction track and 
which is connected to two elastic springs so that we obtain a mechanical oscillator. 
The recorded data [9] show an almost linearly decreasing amplitude: this indicates 
that the friction force in these conditions is constant, that means that it can be 
considered as a sliding (or rolling) dry friction force [2-4]. In a second situation 
(Fig. 2), a metal plate is positioned at a certain distance (few millimeters) above the 
strong neodymium magnet which is fixed on the top of the cart [10]. In this 
situation the decrease of the amplitude is different: it becomes more pronounced 
and approaches the exponential decrease as the metal plate nears the magnet. We 
can conclude that the interaction between magnet and metal plate can be modeled 
as a viscous friction force. 
 In our experimental situation the actual friction force acting on the cart 
consists therefore in the sum of two contribution: to a constant term (always 
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p(t) = p(t - dt) + (F elast + F frict) * dt 
INIT p = 0 
F elast = -k*x 
F frict = IF v>0 THEN (-m*g*mü - b*v) 
ELSE (m*g*mü -v*b) 
x(t) = x(t - dt) + (dx\dt) * dt 
INIT x = -0.073 {m} 
INFLOWS:  dx\dt = v 
b =  0.16 {N.s/m} 
g = 9.8 {N/kg} 
k = 26 {N/m} 
m = 1.04 {kg} 
mü = 0.004 
v = p/m 

Figure 3  The model:  for both experimental situations the structure of the model is exactly 
the same; in order to obtain the  model for the first one, it is sufficient to drop the viscous 
term (depending on the velocity of the cart) by putting b = 0. 

 
 

 
 

 

 

 

 

 
 

 
Figure 4  Model results and measured data. On the left the comparison of the model 
prediction (curve 1) with the experimental data (curve 2): above for situation 1 (dry friction 
only), below for the second situation (dry and viscous friction). On the right the phase space 
representations: above, the linear decrease of the amplitude is reflected in the equidistance 
of the various turns of the spiral. Below the more familiar shape for the phase space 
representation of the damped oscillator. 
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For the mechanical situation in question, the central quantity in the model is the 
linear momentum p and its balance equation, so that it is then necessary to identify 
and model the acting forces and render explicit the connections between 
dynamical and kinematical aspects. Figure 3 shows the model [12] for the general 
situation: besides the linear momentum balance law, it is necessary to implement 
the constitutive laws that characterize the system (i.e. Hook’s Law F = − k· x for the 
elastic properties of the springs as well as the Newtonian relation p = m· v). In 
addition some elementary kinematical relationship must also be implemented. In 
the model we can also introduce the measured data for the position of the cart 

me

tion of these damped oscillations. 
In both cases the agreement is quite satisfactory. 

which is obtained by integrating the dissipation 
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ergy decrease of the oscillator? Figure 6 shows the answers to 
oth the questions. 

(x asured). 
 Figure 4 shows the comparison between the experimental data and the model 
predictions as well as the phase space representa

4  ENERGY 
Before considering the example of the damped oscillator, we first examine some 
more general features about energy. Indeed, the investigation of the damped 
oscillator provides a good opportunity to introduce relevant aspects, in particular 
to focus on two typical questions about energy: firstly, questions about the content 
of energy at a given moment, like “how much kinetic energy does the cart have at the 
time t = 2.0 s?” or “how much elastic energy is stored in the spring at the time t = 3.0 
seconds?”; and secondly, questions which refer to a given time interval, like “how 
much energy has been dissipated in the first 2 seconds”. According to these two classes 
of questions, there are in effect two basic structures for the modeling of the energy 
aspects (Fig. 5). In the first case, the instantaneous value can then be expressed 
simply through the instantaneous values of the quantities on which they depend: 
in Figure 5a are reported the examples for the kinetic energy and for the potential 
elastic energy of the spring. For the second case the situation is quite different: the 
question refers to a given time interval and the value must be expressed through 
the integration of the instantaneous rate of change: In Figure 5b we consider the 
example for the dissipated energy, 
ra  that is the dissipation power. 
 If we implement the energy aspects in our model, we can also introduce a 
quantity describing the (mechanical) energy of the oscillator, as well as a quantity for 
the total energy, i.e. for the sum at every instant of the energy of the oscillator with 
the total amount of the energy that has been dissipated, from the beginning of the 
oscillation up to this given moment, i.e. the amount of energy that has left the 
mechanical system in this time interval. Since these two last quantities are 
calculated independently, the natural question is then about energy conservation: 
will the total energy remain constant? Before answering, i.e before looking at the 
results of our model, let us consider a second question: which time dependence will 
be shown by the en
b
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The plot for the total energy (Fig 6a) permits us to give the answer to the first 
question: yes, our model effectively predicts as expected that the energy is 
conserved. What is shown for the decrease of the total energy of the oscillator may 
be a little more surprising at first glance: one can see clearly that the energy of the 
oscillator decreases almost in steps. What is the reason for this? There are moments 
(Fig 6b) when the curve is almost flat: they correspond to the situations where the 
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Figure 5  Modeling the energy aspects  a) In the model it is sufficient to introduce a new 
symbol for a generic quantity - a circle - and define it by linking it to the required quantities 
with thin red arrows, in accordance with the physical laws. b) In the model it is necessary to 
introduce the integrating structure, i.e. a rectangular symbol provided with a corresponding 
flow-arrow which represents the dissipation power; this latter as we kn
in

a) b) 

Figure 6  The model results: a) the plot represents the kinetic energy of the cart, the elastic 
potential energy of the springs, their sum, i.e. the energy of the oscillator as well the 
dissipated energy and the total energy; b) particular of the energy decrease: steps are
recognizable. Each time the velocity becomes zero, the dissipation rate also vanishes. 
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potential energy (curve 2) is at a maximum, and therefore the velocity of the cart is 
zero. Consequently, at these moments, the dissipation rate is also zero, and the 
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but not the decrease rate, as we can easily see from the slopes of the curves. 
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courses of energy decrease for damped oscillators are always step-like curves. 
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see [12] and quoted references. For a more complete 

ic spreadsheet to one of 
the wide variety of software products on the market. 

m anical energy of our system (the oscillator) cannot change.  
 A brief remark on textbooks: in many textbooks we read that the total energy 
of a damped oscillator exposed to viscous friction decreases exponentially with 
time. As we have seen, this is not really true; even if we accept such a statement as 
referred to the decrease in energy at the extreme positions, some misleading 
aspects still remain: in fact, at these instants only the numerical values are

5  CONCLUSIONS 
Oscillatory processes are very common in nature and could be of high complexity. 
In school only the idealized version, the so-called harmonic oscillators, is usually 
considered. The smart use of the new technologies allows however the treatment of 
these relevant physical systems in great detail. Our results show that the 
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