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Background

Sound is generated as a result in disturbing, with mechanical energy, the medium through

which its wave is propagated through the matter. Therefore,sound waves are mechanical

waves, and their behavior is directly related with their interaction with matter. The most

interesting properties of the sound waves are frequency (f ), amplitude (A), wavelength

(¸ ) and speed of propagation (v).

Moreover the beat frequency is the interference of two sounds with different frequencies,

which result in periodic variations whose rate of change is the difference between the two

(or more) constituent frequencies.

Figure 1: Diagram of a beat frequency (Ansgar Hellwig, February 2005).

Figure 1 shows the resultingwave envelope, which can be depicted by drawing a continu-

ous line throughout the whole resulting periodic wave. The wave inside the thin envelope

is the resulting wave of adding two different source waves. This construction of the �nal

wave is accomplished by the superposition principle of waves, which states that the total

displacement from the rest value is the sum of the displacements of the constituent waves,

at each moment in time and point in the space. Furthermore, this total displacement is

the arithmetic sum of the combining waves if the oscillationquantity is a scalar. In other

types of waves, such as electromagnetic waves, where the oscillating quantity is vectorial,

the resulting displacement is a vector quantity.
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Figure 2: Interference of two waves (by Theresa Knott).

As can be depicted from �gure 2, in the �rst case, both waves are always in phase and

therefore the resulting wave has a displacement which is exactly the double of each single

wave (they are obviously added arithmetically) from the equilibrium point. On the other

hand, as can be seen in the second picture, the waves are always opposite to each other

and hence the resulting wave is always at the equilibrium point, because the constituent

waves cancel each other out.

Purpose and Description of the Experiment

The purpose of this experiment is analyze the behavior of different wave sources com-

bined and see if they actually match with the theoretical speculations. Consequently, the

experiment is carried out by emitting two sounds (which are in fact mechanical waves)

and analyzing the combined wave form with the laboratory equipments and computer

software.

In this experiment, the team worked with four different frequencies:f 1 (frequency of the

�rst source wave),f 2 (frequency of the second source wave),f bt (theoretical resulting

frequency) andf b (resulting beat frequency in practice). After all the measurements are

performed, the team must compare the theoretical values with the practical values and

discuss about the similarities and differences.

After performing the main part of the experiment, the team worked with different fre-

quencies and even generating sounds from their throats so that the resulting waves could

be analyze and taken in account for further discussions and practical conclusions.
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f =
f 1 + f 2

2
(1)

In theory, a combined wave observed at a �xed point in the space, the oscillations will

happen with the frequency given in equation 1. Moreover, thetheoretical value for the

beat frequency is given by equation 2. This beat frequency determines the rate of change

in the amplitude of the resulting combined wave.

f bt = jf 1 ¡ f 2j (2)

Thus, the team proceeded, in order, to perform a series of experiments in which the wave

sources were different and varied from experiment to experiment. For this experiment,

the team used two tuning forks (which would give the sound sources) and a microphone

sensor.

Using the PASCO equipment together with the computer software Data Studio, the team

set the two tuning forks next to each other and connected the microphone sensor to the

audio input interface, which is connected directly with theData Studio software. Sub-

sequently, the team used the scope window for analyzing the behavior of the sinusoidal

waveform and also the FFT (Fast Fourier Transform) window for analyzing the frequen-

cies of the constituent sound sources.

Moreover, the team set the Data Studio software to automatically record only1:5seconds

after pressing theStart button. Otherwise, due to the frequency of the sound sources,

recording longer than two seconds would result in having many samples in the same win-

dow, which is unnecessary and time consuming for the team work.

Experiment Performance

The �rst experiment consisted of two different sounds executed at the same time but with

different pitch. However, and as it is discussed in the conclusions section, the force ap-

plied on each tuning fork easily varies, since a human cannotexactly control the amount

of force applied to the instrument. Furthermore, the pitch of one of the tuning forks was
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changed due to the existence of a small weight attached to oneof the metal branches,

which can be regulated in height, resulting in different pitches.

In this �rst experiment, the team recorded the combination of the two different sounds.

For this, and because the microphone sensor was quite limited, the team had to wait for the

sound sources to become very low in amplitude so that the sensor would record clipped

values. This was more challenging than the team expected, but it was well dealt after an

hour of practice. Consider the results from the �rst experiment in �gures 3 and 4.

Figure 3: First experiment. Fundamental frequency of the source samples.

According to �gure 3, there is a noticeable difference between the amplitude of the sound

sources. The amplitude of the �rst source almost doubles thesecond source's amplitude.

However, what matters is the frequency of each source, whichwill leads to the practical

value off b (the beat frequency) in the resulting combined waveform. The measurements

for the original sound sources were:

Source Relative amplitude Frequency

f 1 1:00V 443Hz

f 2 0:66V 428Hz

According to the results obtained in this experiment, the theoretical beat frequencyf bt is

given in equation 3.

f bt = jf 1 ¡ f 2j = j443¡ 428j = 15Hz (3)
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Also derived from equation 3, the theoretical period of the combined waveform should

be T = 1
15 = 66:67ms. Now, consider �gure 4, in which the combined waveform is

represented.

Figure 4: First experiment. Combined waveform and resultingbeat frequency.

As it can be calculated and derived from the Data Studio software, and according to �gure

4, the practical value for the period isT = 62:9ms. This value is taken from the period of

two whole samples, divided by 2, which results in a more accurate calculation. Once this

period is calculated, then the real beat frequency in the experiment is given in equation 4.

f b =
1
T

=
1

62:9ms
= 15:898Hz (4)

Admittedly, there is a slight difference between the theoretically assumed value and the

real measurement. This is a consequence of the inaccuracy inthe original frequency de-

picting from the sound sources, which means that the values for the source frequencies

must be slightly different if the measurement would have been more precise. Further-

more, there is also a slight error in the measurement of the beat frequency, due to the fact

that the team participants are human and these values were not taken exactly when the

combined wave form becomes zero (at the equilibrium point).

Nevertheless, the values for the theoretical beat frequency and the one in practice are quite

close, taking in account that less than a hertz is quite good for a measurement which is

read by a human.



6

After the �rst experiment was performed, studied and discussed, the team gained more

experience in using the tools and proceeded with further experiments of a similar kind.

The second experiment was similar to the �rst one, but the frequency of the second source

was slightly decreased. Refer to �gures 5 and 6 for the practical results obtained in the

laboratory.

Figure 5: Second experiment. Fundamental frequency of the source samples.

Figure 6: Second experiment. Combined waveform and resulting beat frequency.

Astonishingly, according to �gure 5, in this experiment theteam did a great performance,

since both sound sources have the same amount of energy (amplitude). However, it can

be noticed from �gure 5 the wider difference in the frequencyof both sources (compared

to the �rst experiment). The measurements for the sound sources, in this case, were as

follows:
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Source Relative amplitude Frequency

f 1 1:00V 443Hz

f 2 1:00V 412Hz

Out of this experiment it turned out to be that the theoretical beat frequency should be as

in stated in equation 5.

f bt = jf 1 ¡ f 2j = j443¡ 412j = 31Hz (5)

Accordingly, from �gure 6 can be depicted the information to�t in equation 6 to obtain a

value for the measured beat frequency in practice:

f b =
1
T

=
1

32:18ms
= 31:07Hz (6)

Once more, the value for the period was obtained from severalsamples and then divided

by the number of samples. As it can be noticed from equation 5,the team already �t the

data so that the real measurement results are highly close tothe theoretical value (only

with a difference of0:07Hz.

As it has been shown and discussed through these two experiments, the calculations really

�t the theoretical approach and results met the team expectations.

However, it has to be noticed that the beat frequency rarely becomes zero. This is due to

the fact that it is dif�cult for the experiment performers togive a same exact amplitude to

both sources. Nevertheless, it can be observed from �gure 6 that the team did a great per-

formance and hence the beat frequency almost becomes zero after each period, since the

amplitude of both sources are exactly1:00. Finally, even that amplitudes have the same

value with two decimal, there must be a slight difference (ifmore decimals would have

been measured), since the beat frequency of the resulting oscillation does not becomes

totally zero.
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Conclusion

First, the team agreed that this experiment was both interesting and fun, and also very

interesting for all the members since sound is a form of mechanical wave which human

beings can easily be aware of.

The experiment was not dif�cult to set up. However, which took longer time was to get

used to the methodology of measuring the sound samples and comparing them. As a

matter of fact, after the �rst experiment was performed and understood, the subsequent

experiments went smoothly and there were no problems at all when performing them.

Moreover, the last experiment, which has not been retractedin this paper, was the funniest

one, which consisted of generating a tone with a tuning fork and using our throat to gen-

erate a random frequency note to be analyzed in the Data Studio software. By performing

this experiment with different team members, as the pitcheswere always different, the

team could analyze several different cases where the resulting combined waveform oscil-

lated in several different ways.

Finally, from the learning point of view and what it concernsto our studies, this ex-

periment was more interesting than challenging. However, the team is looking forward

to perform experiments with electromagnetic waves, since they are directly related with

wireless connections and data transmission over differentmedia. As usual, the team is

looking forward to the next experiment.


