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Background

Non-damped Simple Har monic M otion

Oscillation is, in physics, a periodic fluctuation betweet tmeasurements. Typically,
the simplest way of observing an oscillation is by attact@ngass to the end of a spring,
where the mass is subject to a force of gravity.

The dynamics of the spring-mass system can be well deschpdble laws ofSmple
Harmonic Motion, which is ideally defined as the motion of a simple harmonliagor
whose motion is not damped. The obtained graph for the posdiong the time is a
sinusoid, as can be observed in figure 1.
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Figure 1. Simple Harmonic Motion, non-damped oscillation.

Admittedly, in Simple Harmonic Motion, the motion is periogdsince it repeats the same
cycle at regular intervals of time with a similar behaviardehence being a sinusoid, as
mentioned above. Therefore, and as it can be observed i figi8imple Harmonic Mo-
tion is a displacement along the time, with an amplituedH{bgl and lowest points) and
a period (time of repetition for an entire cycle). The sindabwaves are given by the
expression:

y(t) = Asin(wt + ¢) = Asin(2n ft + ¢) 1)



In formula 1,y(¢) is the displacement along the time, whetds the amplitude of the
sinusoid, f is the frequency of the wave,is the elapsed time anglis the phase of the
oscillation. Furthermore the period of a sinusoid is givgrequation 2:
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Damped Oscillations

All the background given in the previous section is the vexyebof theoretical approaches
and calculations on basic Simple Harmonic Motion calcatei However, the systems
referred about are based on ideal oscillations, which havdamping at all.

Non-damped oscillation means that the sinusoid will refigatriodicity forever, meaning
that the oscillator itself is obviously not affected by extd forces and hence it remains in
a continuous movement loop. Nevertheless, in real expetshthe spring often comes
to rest in a relatively short period of time.

This fact is easily accepted when the drag férogthe air is taken in account. Aston-
ishingly, damped oscillations decrease with a theordyicakasurable ratio, which can
be described mathematically introducing a concept denat@dtime constant, denoted
by the symbolr. Consider figure 2 in order to observe the actual behavior qgiriag
oscillation in normal conditions (damped oscillation).

1This team performed another set of experiments last yeartatom-damped oscillations and still dis-
covered that the spring would not oscillate forever, butdad it became to stop at the rest point within
some finite amount of time.

2For small velocities, the resisting drag forEgis given by: F; = —vv.
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Figure 2: Simple Harmonic Motion, damped oscillation.

According to figure 2, the damped oscillation behaves asdtagfore, however it can be
observed the green line which is a fitted curve describingl#mepness ratio of the wave,
which is enforced by an exponential function dependentefithe constant. This curve
is given by equation 3.

A(t) = Age™ 3)

Thus, the amplitudel(¢) decreases exponentially in time as a function-pivhere the
time constant is related to the coefficient 27"‘ Further, by letting = 7 in equation 3,
it can be seen that the amplitude has a valué(af) = Aje™! & 0.37A,. This fact means
that the amplitude has decreased to the 37% of its initialevGvhent = 0).

Purpose and Description of the Experiment

The purpose of this experiment is to analyze the dampedatsmil of a spring with an
attached mass and then try to manually find an exponentiaédarthe oscillation graph
so that it fits the decreasing ratio of dampness. Moreovetgiéim is encouraged to check
how the practical results vary from theoretical calculasioThe ultimate goal is to see, if
there are discrepancies between theory and practice, whidd be the main reasons.



For this experiment, the team used a spring and an attachssltm#, a relatively long
stand where to hang the spring, a motion sensor availableifaboratory and the mea-
surement software Logger Pro 345.

First of all, the team set the equipment up, placing the ggnenging from the stand and
putting the motion sensor beneath the mass attached totiihg.sphe minimal distance
for proper function is set to 40cm at least. In addition, befgoing into the direct analy-
sis, the team performed a series of tests in order to chetkthabtained result from the
oscillation was a smooth wave. This initial phase was cdmig by recording waves for
a few seconds and adjusting the motion sensor so that thelve@aene smoother.

Moreover, the team initially measured the distance frompbsition at rest, so that it
could later be subtracted from the displacement measuitsm&he position at rest for
this very experiment was at 46 centimeters. As the minimgthdice for proper function
of the motion sensor is 40 centimeters, the team performbdnoifd oscillations by just

pulling the mass a little bit, thus resulting in a soft and sthovave with low amplitude,
which always helps to avoid the effect of clipping.

Once the wave was smooth enough (and hence the clipping wédedy the team set
the Logger Pro software to automatically record upteinutes after pressing th&art
button. After pressingart, the team waited for six minutes until the end of the data
recording. Once the oscillation was recorded as well asntpeess, the team proceeded
to further analyze the obtained data and perform the cdlonka

Experiment Perfor mance

When the team gathered the damped oscillation during sixtesnthe graph clearly told
that the spring was become to rest by showing a very low angditat the end of the
graph, according to figure 3.
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Figure 3: Damped oscillation measured. Position respeébietonotion sensor.

Furthermore, from figure 4 can be depicted the real displacérftom the rest point
(or equilibrium point) of the spring, which was calculateg &dding a new data col-
umn into the data table of Logger Pro, giving the expressamtlie displacement as
displacement = position — 0.46m, since the initial distance from the equilibrium point
to the motion sensor must be taken in account. The real displant curve obtained is
shown in figure 4.
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Figure 4: Actual amplitude of the damped oscillation resp@the equilibrium point.

Depicting from figure 4, it can be safely said that the ampktof this very performance
is 5cm from the equilibrium point. As stated in the backgmbuabove in this paper, it



is known thatr = 0.37A, and hence it can be estimated the time constant from figure 4,
when the amplitude is exactly a 37% of its initial value. Tingal amplitude is admittedly
5cm, and becauseis found in figure 4 when the amplitude(s37 - 5¢m = 1.85¢m, then

the team positioned the cursor at the amplitude peak of in&s depicted the value for
the time (from the x-axis), which turned out to be= 213s.

Results

Consequently, the team proceeded to add a new calculatedalatan with the formula
of the amplitude in function of the time constant, given imatipn 3. This column incor-
porated a whole list of new values which are actually a ligpahts for the fitting curve
of the damped oscillation. After adding the column, the teatded the corresponding
graph with the curve fit. The fitting curve and the displacehggaphs can be compared
in figure 5.
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Figure 5: Damped oscillation and its fitting exponentialveur

Accordingly, the fitting curve is quite precise, howeverrthare a couple of points to be
taken in account. First, at the beginning of the graph, ittanbserved that there is a tiny
gap between the curve and the amplitude, meaning that tieesjane here is not accurate
at all times. Furthermore, it can be seen from the end of thplgthat the curve buries
itself into the amplitude sketch, being slightly lower thithe amplitude, which again con-
firms that the curve fit is not exactly accurate at some poihtiseodamped oscillation.

This observations question if the practical results aretWiey were expected to be or not.
After several minutes of analysis and discussion among talmers of the team, there



was an answer to the question. Surprisingly, the form of Hrapkd oscillation does not
exactly fit on its theoretical dampness curve fit due to thaneatf the drag force exerted
by the air in the environment. This is due to the fact that tlagdorce, in this case, is not
proportional to the velocity of the oscillator, and hence dhnag force is considered to be
a result of a so-calletlrbulence.

Conclusion

In general, the experiment was quite easy to carry out. Asluge most tedious part was
to set the equipment and configure it in a manner so that tme ¢eald collect proper
information on the Logger Pro display. Once the equipmeritsres configured and the
team gathered a smooth curve, the rest was pure fun.

One point to comment out is that the team first performed a midituby using a dif-
ferent approach than the one stated in the experiment atigtng. Actually, the team
managed to set up a manuaknd adjust it several times until obtaining a very fitting
curve. However, then the team proceeded to add a new cadudata column with the
actual formula. However, it was surprising that the teamaowanually “invent” an own

7 for which the curve was quite exact.

Further analysis about the irregularities in figure 5 wesedssed also with the supervisor
and we were told why the drag force behaved in such a way, sthiaétting curve could
almost never correspond with the dampness of the oscilladioe to theurbulent nature.

From the learning view point, it is quite rewarding to penfathis kind of experiment, be-

cause our Applied Physics course provides us with theorytadszillators and dampness,
but it is enriching for engineering students to actuallyfpen experiments and contrast
the results with the theory discussed in the lectures. Caressly, letting students to be-
come motivated and have a general understanding of whairig go. As usual, me and

my team are looking forward to “put our hands on” the follog/experiments.



