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Abstract

Much of the research on low frequencies is on biological effects or noise pollution. We have confirmed that adding
low frequencies to music increases autocorrelation and enhances the higher frequency components. This paper
ensures that the addition of low frequencies to music produces 1/f fluctuations.
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1. Introduction

Infrasound is a sound generated by vibrations of 20 times
or less per second. In general, the sound loses energy
owing to vibration as it passes through a medium.
Therefore, higher frequencies rapidly lose power and are

attenuated, whereas lower frequencies are less attenuated.

Consequently, it can travel thousands of kilometres. Low
frequency sounds are less directional than high frequency
sounds; they proceed in concentric circles from the
source, and go around any obstacles V. Low frequency
sounds have been examined as noise pollution, and their
effects on the human body have been studied 3. However,
a unified view has not yet culminated as the sensitivity to

very low frequency sounds can vary from person to
person 2.

Very low frequencies have long been regarded as
noise pollution. However, in nature, low frequency
sounds are produced by a variety of natural phenomena,
including tectonic movements, such as, volcanoes ¥,
celestial movements, such as, asteroids, meteorites,
meteors, and fireballs entering the atmosphere ©),
meteorological phenomena, such as, typhoons and
lightning ”, and water movement such as waterfalls and
rivers ©.

In the music industry, inaudible low frequencies below
20 Hz generate vibrations and distort the sound in the
audible range. Hence, infrasound is removed from music
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during production. However, low frequency sounds are
not completely eliminated, and may be important; hence,
they are coordinated not to overload.

We investigated the case of a 40 Hz sine wave mixed
with music 9. It was confirmed that autocorrelation
structures arise when the amplitude of the 40 Hz sine
wave is large. When the high-frequency component of
the music is small and the amplitude of the mixed 40 Hz
sine wave is relatively large, the superposition of the
waves strengthens the high-frequency component. This
effect did not occur with white noise, which suggesting
the effect of wave superposition.

In some natural phenomena or music, we can observe a
power spectrum whose distribution is inversely
proportional to the frequency. In case the slope of the
regression line of the spectrum, A, is around -1.0, it is
called the 1/f fluctuation.

2. Material

The music was played by the attached speakers in a
MacBook Pro laptop. Low frequency sounds were played
using a Denon DSW37K subwoofer. A Zoom H6 handy
recorder was used for recording. The sound source was
Schuman's Symphony No. 3 in E-Flat Major, Op. 97
"Rhenish": IlI. Scherzo, performed by Sent Luis
Symphony orchestra, (from "Schumann: The 4
Symphonies™ Label: Vox). The low frequency sound of

the sine wave was generated using Audacity version 3.0.2.

As the experiment was carried out in a room without
soundproofing, the background noise of the room was
examined. The frequency spectrum was measured
without music and with a 40 Hz sinewave. The number
of trials was three and the average intensity of was
derived. An interval estimation, with a confidence
interval of 95%, showed that the intensities at 40 Hz, 20
Hz, and 16.5 HZ were significantly different from the
background noise of the room.

3. Method

A comparison was drawn between music from speakers
and low frequencies of sine waves from a subwoofer both
playing at the same time. The speakers and subwoofer
were placed in the same position at a distance of 5.45m
from each other during the recording. Owing to the
influence of external noise, three measurements were
taken: one with music solely and one with music and 40
Hz of sine wave played simultaneously.

We compared the power spectrum of a sound source
and a sound source mixed with a 40Hz pure tone. We
transform the obtained power spectrum to the logarithmic
axis. The envelopes of the power spectra were linearly
regressed. The slope of the linear regression was set to A.

4. Result

Fig. 1. right) Power spectrum of the sound source. The slope
of the regression line, A=1.041. left) 40 Hz sinusoidal pure
tone added to the original. A=0.999.

measured the power spectrum of the original sound
source and performed a regression analysis of the
distribution. The slope of the regression line, A = -1.041.
we also added a pure tone sine wave of 40 Hz to the
mixdown. The slope of the regression line of the power
spectrum, A = -0.999. The amplitude of the added sine
wave is 0.1; as the amplitude is increased, A deviates from
-1.0.

5. Discussion

The role of low frequency sounds in music was studied.
We confirmed that low frequency sound enhances the
autocorrelative structure of sound. In this study it induces
1/f fluctuation in music.
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