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AMF003) was used with time variations (9:00 JST; 12:00 JST; and 15:00
JST). Measurements of air temperature differences (Krisbow Temperature &
Humidity Data Logger) were also carried out, and weather conditions were
also considered in data collection using satellite data from Himawari, Japan.
The interpretation results of intensity level's trend measured at 3:00 pm JST
were decreased concerning the changes in days. Meanwhile, the measurement
at 09:00 am and 12:00 pm JST did not show a decrement concerning the

Intensity; changes in days (31 days in total). These results show that temperature
Acoustic Power; changes (towards autumn) can affect the intensity level of sound waves. In
Energy; addition, slightly different intensity levels can affect large changes in acoustic
Cicadas. power or the produced sound.
© 2021 Physics Education Department, UIN Raden Intan Lampung, Indonesia.
INTRODUCTION the ground and enter to eat their food, and the

Japan is a country with four seasons,
namely spring, summer, autumn, and the last
is winter. In August, Japan experiences
summer, which has a reasonably high
temperature compared to other months. One
of the very identical insects in summer is the
Cicadas (Sueur & Sanborn, 2003). Cicadas
are insects that very much appear and dwell
on certain trees in Japan with a loud sound.
This animal is indeed a characteristic symbol
of the arrival of summer (Figure 1).
According to the researchers, the life cycle of
this animal is fascinating, where the female
will lay her eggs in the crevices of the wood
twigs. When they hatch, the larvae will fall to

cicadas larvae are suitable to be underground
because they are protected from predators
(Stolting et al., 2002). According to research,
only male Cicadas make sounds to invite
their mates and mate. This animal's favorite
tree is usually the Chestnut tree when it
develops. Usually, this Chestnut tree will
develop in early June, right when it rains in
early summer, so that the weather will
become humid and Cicadas begin to move up
the tree from the ground (Josephson &
Young, 1979).

The sound waves emitted by cicadas are
very high. This sometimes causes some
people to feel disturbed by the sound waves
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emitted, so that it harms life in Japan in the
summer, especially for the elderly (WHO,
2003).

Generally, during summer, some people
need a calm atmosphere, especially the
elderly. In addition, a room equipped with a
cooler such as an Air Conditioner (AC) is a
must-have tool for people.Summer is one of
the seasons that requires more electrical
energy than other seasons (Fonseca &
Correia, 2007). This is because electronic
devices (Mashhadi et al., 2016), such as
refrigerators and air conditioners, are used
continuously during the summer. Thus, some
countries with sub-tropical conditions, one of
which is Japan, require more energy in the
summer (Sueur & Sanborn, 2003). Although
solar panels and other alternative energy are
developing very advanced in this country,
electrical energy is still in great need in rural
areas.

Figure 1. The Cicadas(Cicadae) of Japan(Sueur &
Sanborn, 2003)

In this study, we measured cicadas' sound
waves, considering that cicadas are mostly
found in rural areas. In addition, researchers
have not widely carried out observations
regarding the use of sound waves in the form
of intensity levels released by cicadas to be
converted into electrical energy. Research
results from several previous studies say that
the resonator produced by cicadas is not
proportional to the size of the insect. Thus, in

this study, we wanted to observe and predict
the potential use of sound waves produced by
cicadas in generating electrical energy.

Equation of Resonant Sound Waves in the
Air

Sound waves or resonance in the air is a
nonlinear process. Many factors cause sound
waves in the air to be nonlinear (humidity,
wind, rain, etc.). Resonating sound waves
can be converted into energy and regressed in
three  modes. The description of the
mathematical model in the interaction of
sound waves can be derived as follows in the
Burgers Equation, which describes the
propagation of a finite-amplitude wave in a
medium (Yang et al., 2014):

ov_ B ov_ b o
9T 2pyC,3 072

0x ¢y M
b = K(1/C, — 1/Cp) + (0 + 4¢/3) )

Wherexis the distance (m); 7 =t — x/c,
is a function of time (s); t is time (S); c, is
the speed of sound (m/s); vis the function of
distance and time (m/s); p, is the density of
the medium (kg/m®); g is the nonlinear
parameter of the medium. &is Shear viscosity
(N-s/m?); nis bulk viscosity (N-s/m?); kisa
thermal conductivity; C,isa specific heat at
constant volume (K); C, isa specific heat at
constant pressure (Atm).

Attenuation is the weakening of wave
sources caused by the longer distance that
wave sources must travel and because the
frequency of the wave sources is getting
higher (Shi & Liu, 2019). The sound wave's
energy will decrease along with its
propagation from the source because the
sound wave spreads out in a wide field. Its
energy is spread over a large area. Sound
waves propagating through water media will
experience energy loss (Gheibi & Hedayat,
2020) caused by wave propagation, energy
absorption, and reflections occurring at the
waters' bottom or surface (Yang et al., 2014).
In reality, the intensity level measured in this
study is a sound wave that has experienced
attenuation due to attenuation. This allows
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that the magnitude of the actual intensity
level is greater than the measurement results.

The intensity of the sound wave will
decrease with increasing distance from the
sound source (Japan Meteorological Agency,
2018). Thus, when there is an interaction of
waves () in a medium, the number of waves

must satisfy the following resonance
relationship (Yang et al., 2014):

ko +ky =k,

{kb — kg = kg )

k,isthe wavenumber of the signal wave;
k, isthe wavenumber of the pump wave;
k.andk,are the wavenumbers of the sum-
frequency wave and the difference-frequency
wave (Courtney & Courtney, 2008).

Based on equation (3), if there are n
columns signal waves and m columns pump
waves, the sum-difference frequency waves
are mn. In this case, the relationship is:

l=n+m+2mn “

Where [ is the interaction of waves in a
medium. So, the vibration velocity at any
position in the propagation process can be
expressed as:

n+m+2mn

v= ; A;(x) exp(iw;T)
+ A (x)exp (—iw;T)  (5)

Where A; is the complex amplitude of
acoustic velocity (m) and w;is the angular
frequency of sound (Hz), according to the
order of increasing frequency, the signal
waves are numbered from 1 to n. The pump
waves are from (n+ 1) to (n +m), sum-
frequency waves are from (n+m+ 1) to
(n+m+mn), and difference-frequency
waves are from (n+m+mn+1) to (n +
m + 2nm). However, when VI € [1:n],
the signal wave A, satisfies the following
relationship with the pump wave.

HY,

w; + wq =a)Hi,...,a)l+wm =w )
Wi — W) = WL

Wi = W1 = D¢l

Where H and C represent the sum-
frequency and difference-frequency (Hz),
their subscripts are the numbers of pump
waves. By substituting equation (5) into
equation (1), the following equation is
obtained:

dA, =y N bw,? A
dx ‘¢ 20,C3 ¢
B m
= E—E(ian) :E:AquA;
0 k=1

p m
k=1

k=p+1

In previous research on Cicadas, the
researchers only observed the sound waves
emitted by Cicadas from an ecological
perspective (Debboun & Strickman, 2013).
In addition, the measurement of the
frequency of the waves emitted by the
cicadas was also observed to find out
information on the Cicadas in terms of
cicadas behavior (Courtney & Courtney,
2008). So that no one has tried to physically
calculate and directly measure the amount of
energy produced by the sound of cicadas. In
this study, we try to measure the intensity
level generated by Cicadas directly and
analyze the amount of energy produced
based on the empirical physics formula
(Ismail et al., 2016).

METHOD

In this study, the Intensity Level meter
(AMTAST AMF003) was used with time
variations (9:00 JST; 13:00 JST; and 15:00
JST). In addition, measurements of variations
in air temperature differences (Krisbow
Temperature & Humidity Data Logger) were
also carried out, and weather conditions were
also considered in data collection using
satellite data from Himawari, Japan. Data
collection was carried out in the Sanda-Kobe
area, Hyogo Prefecture. In this case, there is
1 point with coordinates 34°54'50.3"N
135°09'53.8"E and time variations at 09:00
am Japan Standard Time (JST), 12:00 pm
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JST, and 3:00 pm JST. The research flow
chart can be seen in Figure 2.

Start

Check Satelie Data for
Weather Conditions

Measuring AirTemperature
Intensity Measuring

Analysis Data
Figure 2. The Research Flow

Specifications of AMTAST AMF003
Sound Intensity Meter:

Measurement Range  : 30 — 130 dBA
35-130dBC
Accuracy :+1.5dB

Digits and Resolution: 5 digits and 0.1 dB
Frequency response :31.5Hz-8.5kHz
Measurement Level :30-130;40-90;50—
100; 60 —-110;80-130
Frequency weighting characteristics: A and C

Sampling time : 2 times/second

Microphone / sensor  : 1/2 inch

Power supply : 4 X 1.5V AA batteries
or 6 V 100 mA adapter

Dimensions : 256 x 70 x 35 mm

Weight :308¢

RESULTS AND DISCUSSION
Theoretical Analysis

Waves in their propagation will
experience a decrease in intensity
(attenuation) due to dispersion and
absorption (Hertach et al., 2016). The spread
of the wave also causes the intensity to
decrease due to the increase in area, which is
related to the shape of the wavefront (Sueur
& Sanborn, 2003). However, sound waves
produced by crickets are amplified because
the waves produced have the same frequency
(Sanborn, 2002). It is estimated that in this
study, the types of Cicadas insect species
have very small variations in one area,
especially the location of data collection. One

type of Cicadas in the study can be seen in
Figure 3.

Figure 3. Cicadas at the Location of Sound Wave
Data Collection

Generally, in nature, the interaction of
sound waves is more than two mutually
reinforcing sources. In this case, the
researchers estimate only three waves as a
test for calculating the energy and phase
forms in the graph. In this case, the second-
order nonlinear equation as a unit process
will be three-wave interaction. Equations
with second-order nonlinear terms can be
analyzed by equations (Yang et al., 2014).

dA;,  w, bwlz B . .

dx l P! 2p,C,° A = _Coz (lwy)(A343)
d4, w, bw,? B

—_——i— — A, =—( A1A3) (8
dx c 2 2pyCy° 2 )2 (iw;)(A145) (8)

d4; ws bws?

i
dx c 3

Az = CF% (iws3)(A143)

Where k; + k, = ks. In this analysis, the
assumption of the difference in sound waves
is needed because the distance from the
sound source to the receiver (measuring
instrument) is different. Even in the
measuring instrument, the average value is
obtained in 35 seconds. w; is a low-
frequency sound wave (Hz), w, isamedium
frequency sound wave (Hz), ws is high-
frequency sound wave (Hz) so that the
analogy in the wave difference can be written
as wy < wy < w3.

Complex amplitude parsing is required to
express acoustic amplitude and frequency
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phase concerning distance (Sanborn, 1997).
In this case, the complex amplitude 4; =
Biexp(is;(x)) and A;" = Biexp(—is;(x))
can be substituted and new equations, namely
real and imaginary equations (8). Expression
of acoustic amplitude and frequency phase
w; with the distance can be obtained as
follows,

dB, bw? w, B .

E m 1= —?3233 Sln(53 — S — Sl)

dBZ bw% wZ.B .

— m , = —?3133 sin(s; — s, — §1)

dB; bw? ws3f .

E m 3 = —?Ble Sln(53 — S — Sl)(g)
dSl [OF} wlﬁ BZB3 ( ) 0
P COS(S3 — S, —S§1) =
dx ¢ ¢ B o
dSZ Wr (’)Zﬁ BIB3 ( ) 0
e 0S(S3 — S, —S;) =
dx ¢ ¢ B, 2o
ds; ws; w3BB,B
dss _ws _ @B B 2 cos(s3 — 5, —51) = 0

dx ¢ ¢ B

1.5

(B,(x)/B,(0))*

0.5

0 9 5 b b b 1
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i x/m
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Suppose it is assumed that the parameters
of the three waves are f; = 10kHz, f, =
100kHz , then f; = f; +f, . The sound
pressure level of the three waves is assumed
to be 220dB, and the initial phase iss;(x =
0) =0,5,(x=0)=m/6,s5(x=0) =
/2. The results of the derivation of this
equation can be expressed in Figure 4.

In this analysis, the assumption of the
difference in sound waves is needed because
the distance from the sound source to the
receiver (measuring instrument) is different
(Sanborn et al., 2002). However, in
measuring instruments, the average value is
obtained in 35 seconds which can be assumed
as the real value in the measurement (Stolting
et al., 2002)

0 10 20 30 40 50
x/m

|

Figure 4. Energy and Phase Variations of the Interaction Process between Three Waves in the Air

Meteorological Observations Based on the
Secondary Data from the Himawari
Satellite, Japan

The observations using secondary data
from the Himawari satellite, Japan obtained
information on the average water vapor flux
during the summer from July 15, 2018, to
August 15, 2018, in the Japanese region. The
central part of the Kansai area, Japan (where
includes  Hyogo  Prefecture,  Osaka
Prefecture, and Nara Prefecture) experienced
the highest flux (Figure 5).

Meanwhile, the results of measurements
of total precipitation in the range of July 15,
2021, to August 15, 2018, have a fairly high
rainfall value in the area of the measurement
location (Hyogo Prefecture Japan). These
results greatly affect the average value of the
intensity level in the study area (Figure 6).
However, the highest rainfall is found in
parts of Shikoku Island and Kii Peninsula,
Southwestern Japan.
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Figure 5. Vertically Integrated Horizontal Water Vapor Flux Averaged from July 15, 2021, to August 15,

2018(Japan Meteorological Agency, 2018).
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Figure 6. Total Rainfall and Total Ratio in the Rainfall System in the Japanese Region (Japan Meteorological

Agency, 2018)

Analysis Results of Average Intensity
Level Measurement

The interpretation of the analysis data can
be seen in Figure 7. Overall, the highest
intensity level was found at 3:00 pm JST
(Figure 7A) with an average temperature of
34.5°C and the value of temperature
variations ranging from 31°C to 38°C (Table
1). The value of temperature and intensity
level is very consistent and has a positive
correlation. On the other hand, based on the

interpretation of Figures 7B, 7C, and7D, the
trend at 3:00 pm JST decreased concerning
day change. Meanwhile, at 09:00 am JST and
12:00 pm JST, it did not show a decrease
concerning changes in days (a total of 31
days)

These results show that the change of day
factor can affect the intensity level of sound
waves. This result has a positive correlation
with the observed water vapor flux value. In
the central region of Japan (Kansai), the
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months of July-August are the highest
intensity level values produced from cicadas.
This value depends on the size of the sun and
the flux of water vapor (Heath, 1987).
Although the intensity of rainfall affects the

207

decrease in the intensity level of cicadas
sound waves, the low level of rainfall can
affect that July-August is the most optimal
intensity level value.

F

Intensity Level
320 A

210 WW

o
2.
E 220
3 —e—15:00pm (JST)
> —&—12:00pm (JST)
.%’ 170 WWW —m—09:00am (ST)
=
[
=
£

120

Ty
70
4 35 7 9:1113451719312395277931
Intensity Level on 12:00 pm (JST) C

92

90 s
S8
°
>
= g6
2
(7]
g
£ 84

82 +

80

1, B3 B 7" 9 11; 13 45 27" 19 21. 23 25 2729 31
k

n

Intensity Level on 09:00 am (JST) B

o) (o] co o] o0
(6] a ~ co o

Intensity Level (dB)

co
'S

oo
w

[os]
N

1 3 5 7 9 1113 3547 29 21 23 125 27 29: 31

Intensity Level on 15:00 pm (JST) D

Intensity Level (dB)
o (o] [0 co [os] co o o o w o
B w ()] ~ o o o [ = N w S

1 3 5 7 9 11 431547 19 2T 23 25 27 29 31
d

Figure 7. The Results of the Interpretation of the Overall Intensity Level and Based on the Difference of Three

Times

Based on the interpretation of the acoustic
(sound) Intensity and Power values, it can be
seen (Figure 8A) that at 09:00 am JST, it has
a lower value than 12:00 pm JST and 3:00 pm
JST. However, the value at 09:00 am JST has
a variation that tends to be stable compared
to others. On the other hand, although the
difference in intensity value variations

between 12:00 pm JST and 3:00 pm JST is
not too far (Figure 8B), the variation in
acoustic power values tends to be larger. This
explains that slightly different intensity
levels can affect large changes in acoustic
power or the sound produced (Khalil &
Santos, 2014).
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Figure 8. Interpretation Results of the Average Intensity and Acoustic Power for 31 days (July 15 — August 15,

2018)

The amount of energy obtained from the
sound of Cicadas can be measured using the
Intensity Meter Level (Anshar et al.,
2016).The energy value obtained from the
sound of Cicadas in the summer in the
subtropical region, especially the Sanda,
Hyogo, Japan area, gets a fairly high value
(Figure 9). Generally, variations in energy of
4-6 Joules can be used as lighting using
LEDs.

Energy s 15:00pm (1ST)

7 —a—12:00pm (IST)
—m—09:00am (IST)

Energy (Joule)

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Figure 9. Calculation of the Average Value of Energy

Obtained from Cicadas Sound Waves with
Three-Time Differences for 31 Days

On the other hand, the use of parabolic as
a focus in measuring sound waves may
increase the level of intensity obtained. In
previous studies, the use of parabolic in
capturing cellphone signals has been proven
to increase cellphone signals because
parabolic has a concept like a concave mirror
that focuses all the waves obtained at a single

point (focal point) (Varga & Torok, 2000).
Then at that point, a receiver is installed as a
signal or wave catcher.

CONCLUSION AND SUGGESTION

Based on the measurement results in
Table 1, the average value of the intensity
level in 1 measurement is obtained with a
minimum value variation of 82.4 dB and a
maximum of 92.8 dB. These results affect the
intensity value with a minimum value
variation of 0.00017 W/m? and a maximum
of 0.0019 W/m?2. While the results of the
analysis of the calculation of sound power
have a value variation from 0.0087 to 0.0957
watts with an energy value of 0.305 to 3.305
J. Based on interpretation results of intensity
level trend by change of day, at 3:00 pm JST
it decreased with the change of day.
Meanwhile, at 09:00 am JST and 12:00 pm
JST, it did not show a decrease concerning
changes in days (a total of 31 days). These
results show that temperature changes
(towards autumn) can affect the intensity
level of sound waves. In addition, slightly
different intensity levels can affect large
changes in acoustic power or the sound
produced.

In researching the sound waves produced
by cicadas, it is hoped that they can be
measured after using parabolic as a sound
wave catcher in the future. The measurement
of the intensity level can produce a greater
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value. In addition, the use of a prototype
sound wave to energy converter is expected
to prove that the sound waves produced are
capable of producing electrical energy.
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