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Abstract

The purpose of this study is to better understand how changes in the environment such as smell
effect the behavior of Drosophila, and to determine how the parent’s ability to learn will affect the
next generation. Originally designed V-shaped tracks were made for this experiment to learn how
the behavior of flies changes due to the difference in odor of two substances. Drosophila placed in
a fasting state were used. It was found that the best fasting time, the fasting time during which
Drosophila were most active in the track, was about 24 hours. An experiment was then conducted
to determine which substances Drosophila recognize as a food source due to their scent. For this
experiment, mediums without yeast, propionic acid, and a combination of both were made from
the normal medium. Normal medium in addition to modified different medium was placed at
different ends of the V-shaped track and five Drosophila were placed at the starting point. They
were observed for approximately 10 minutes. From observations made during this experiment, it
is suggested that Drosophila rely on the smell of yeast and propionic acid to get to the medium.
The results were confirmed by repeating the experiment using cottons dampened with water and
yeast and propionic acid. When the effects of the different sexes on behavior in the apparatus were
examined, there was little effect. Therefor an examination of the differences in population density
revealed differences in movement within the apparatus.

Keywords: Drosophila,



I. Introduction

Drosophila, among many other candidates, were used for this study. That is because they
are a model organism. Model organisms are organisms used to study universal life phenomena.
There are some reasons why they are used in studies. One reason is that their life cycle is shorter
than other organisms. The second reason is that the genome of Drosophila is open. In addition to
this, there are many mutant Drosophila. Because of this, it is possible to choose mutants of

Drosophila to use based on the research results.

Fig.1 Drosophila melanogaster (Oregon-R)

Il. Materials and Method

In this experiment, a normal food agar medium, a carbon dioxide bottle, equipment made
by a 3D printer, a plastic sheet, an aspirator dish, and cotton were utilized. For the Condition
Experiment, normal food was placed at the side of the VV-shaped track, followed by placing 5
flies in a fasting state at the starting point. The covered equipment was left in place for 10
minutes, and the scene was recorded to observe the flies' movement towards the normal food.
The Odor Experiments involved placing normal food and different types of food at the V-shaped
track’s tip and dampening cotton with water, yeast, and propionic acid at each end of the track.
Five fasting flies were placed at the starting point, and the covered equipment was left for 10
minutes while recording the scene and measuring the flies' movement. Lastly, after the control

experiment, flies were narcotized, and their sex was determined using microscopy.



I11. Data Analysis
Pre-Experiment

In a preliminary experiment, when flies were placed at the center of the V-shaped track, as
shown in Fig. 13 to observe the movement of the flies, many of them did not move at all or did
not go toward the medium, making it impossible to test whether the flies acted according to the
smell of the food (Table 4). Therefore, similar experiments were conducted with flies fasting for
1.5,4,5,6.5,9, and 24 hours, and we found that the flies moved toward the food most frequently
after the 24-hour fasting period (Table 3). Thus, individuals fasted for 24 hours were used in
subsequent experiments.

The flies' conditions were tested to increase the accuracy of the experiment. First, a normal
medium was placed on one end of the VV-shaped track. Then, 5 flies in a fasting state were placed
at the start point. The equipment was then covered and left in place. A video recording of the
scene was taken, and the number of flies that moved toward the normal medium was observed
for approximately 10 minutes. A good condition was defined as one where at least 70% of all the

flies went towards the normal medium. If flies were in good condition, the experiment continued.

No
medium

Table 1 Fasting time

fasting duration 24 h 9h 6.5h 5h 4h I.5h

stay 0 7 7 10 11 14 Notmal Stare
moving 15 6 4 3 2 g [[medm point
parameter 15 13 11 13 13 16  Fig.2 V-shaped track

Table 2 Result of the first control experiment  Table 3 Result of the second control experiment

2023.04.13.16:00 (O @ (3 @ total  2023.05.03.14:00 o @ 6 @ toual

stay 0 4 3 1 8  stay 1 1 0 0 2
nomal 2 1 1 1 5 normal 4 4 5 5 18
no food 3 0 1 3 7 no food 0 0 0 0 0

-10 -



Odor Experiment 1 - Method

The purpose of this experiment is to know what odor from the normal medium is
recognized by flies for use in future control experiments. First, the normal medium was placed at
one end of the V-shaped track, and one of three different types of medium was placed at the
other end. Then, 5 flies in a fasting state were placed at the start point. The equipment was
covered and left in place. A video recording of the scene was taken, and the number of flies that
moved in either direction was observed for approximately 10 minutes.
Odor Experiment 1 — Results and Discussion

The number of flies that went towards the normal medium was higher when using the
medium without yeast than those without propionic acid. It might be that flies perceive propionic
acid more easily, but it is difficult to generalize because the number of flies that stayed was
different. When the medium without yeast and propionic acid was used, more than 80% of the
flies went toward the normal medium. This suggests that the substances flies recognize as a food

source due to their scent were yeast and propionic acid.

Tablc 4 Result of experiment (without propionic acid)

2023.04.05.10:00 O @ & @ G total

stay 0 3 1 1 2 7
nomal 4 1 2 3 1 11
without propionic acid 1 1 2 1 2 7

Table 5 Result of experiment (without yeast)

2023.04.20 14:00 O @ ® ® 6 toul Fig.3 Photo of experiment

stay 1 2 1 1 0 5

nomal 2 2 2 3 5 14 Modified|
medium

without ycast 2 1 2 1 0 6

Table 6 Result of experiment (without yeast and propionic acid)

2023.04.21. 16:00 O @ & @ (G total
slay 0 0 0 0 0 0 Normal
medium Start
nomal 5 4 5 5 3 22
without yeast & propionic acid 0 1 0 0 2 3 Fig.4 V-shaped track

-11 -



Odor Experiment 2 — Method

To confirm the results from Experiment 1, an experiment using cotton was conducted.
First, cotton was cut and put at the ends of the V-shaped track. Then, the pieces of cotton were
permeated with either water or extracted yeast solution and propionic acid. Then, 5 Drosophila
in a fasting state were placed at the starting point. The equipment was covered and left. A video
recording of the scene was taken, and the number of flies that moved in either direction was
observed for approximately 10 minutes.
Odor Experiment — Results and Discussion

75% of flies went toward the cotton with yeast and propionic acid. Only one fly went

toward the cotton with water. This result confirmed the findings from Experiment 1.

Table 7 Result of experiment with cotton water
2023.04.27.16:00 /2023.0428.1600 O @ @& @ G & @ total

stay 2 1 0 2 1 1 2 0 9

water 0 1 0 0 0 0 0 0 1 N
yeast & propionic acid 3 3 5 3 4 4 3 5 30

Fig.5 V-shaped track

V. Conclusion
Analysis on the Affect of Equipment

Similar results were obtained in the experiments conducted using the I-shaped track and
those conducted using the V-shaped track. Therefore, it was found that the difference between
the two types of equipment did not affect the behavior of the flies on the track. The V-shaped
track was used in this experiment since it was also used in the study by Timothy D. Wiggin et al.
Analysis on the Relationship Between the Sex of Flies and Their Movement

To determine the relation between sex and the movement of flies in the track, after the

control experiment, flies were narcotized and divided into male and female flies using

-12 -



microscopy. In Trials, (1) and (3), the number of flies that went toward the normal medium was
almost the same, but the number of males and females was the exact opposite. In Trials (2) and
(5), there was little difference in the number of females and males. In other words, there was no

difference in behavior between the sexes.

Table 8 Result of experiment with I-shaped track

2023.05.04.1400(0 @O @& @ @ total water water

stay 1 2 0 2 5

water 0 0 0 1 1

yeast & propionic acid 4 3 5 2 14

Table 9 Result of experiment with V-shaped track E start odor
2023.05.04.1400(V) O @ @ @ total

stay ) 3 0 0 5 Fig.6 V-shaped track
water 0 1 0 2 3

(9]

yeast & propionic acid 3 1 5 12

odor

Fig.7 I-shaped track

Table 10 Number of female and male

2023.04.20.14:00 © @ & @ 6 total

stay 0 2 1 1 1 5
nomal 5 3 4 4 4 14
no food 0 0 0 0 0 6

M:1 M2 M4 M:1 M2
F4 F3 F:1 F4 F3

SEX

M; male F; female
Fig. 8 Picture of Drosophila

Analysis on Population Density
To see if population density affects movement within the track, the following analysis was
conducted. The flies’ trajectories were taken in the tracks and divided into two parts (the odor

part and the water part), and the area of their trajectories was measured using ImageJ. Comparing

-13-



the area with the odor and the area with water, it was found that the flies were more attracted to

the area with the odor. The results also show that the five individual flies in the experiment were

more active on the track than those with only one fly.

1

Fig. 9 Orbital map (5 flies density) N=1

e —

Fig. 10 Orbital map (1 fly density) N=12

n

Isample(l)  lsample(R)  Ssamples(L)

w =
& &

,‘
3

orbital area (%)

ssamples(R)
#P<() 01
(L : odor part, R : water part)

Fig. 11 Average of destination stay rate
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V. Future Research

To determine if the growing medium does not contain yeast and propionic acid but still
moves toward the yeast and propionic acid odor, the following three processes will be carried
out: (1) Flies will be grown in the medium without yeast and propionic acid. (2) The same
experiment as Experiment 2 will be conducted using flies generated on the medium without yeast
and propionic acid. (3) They will be compared with those raised on a normal medium.

To determine if the behavior of the flies in Experiment 2 was due to odor by using mutants.
The same experiment as Experiment 2 will be conducted using mutants. The results from using

mutants will then be compared with those raised on a normal medium.

Jo

L e

Water

Fig. 12 V-shaped track

Finally, to determine how the parent’s ability to learn will affect the next generation flies
will be trained to head toward the odor. The next generation of trained flies will then be used to
determine how their behavior differs from the next generation of untrained flies.
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ABSTRACT

The purpose of this study is to better understand how changes in the environment such as smell effect the behavior of Drosophila, and to determine how the parent’s ability to learn will affect the next generation. Originally designed V-
shaped tracks were made for this experiment to learn how the behavior of flies changes due to the difference in odor of two substances. Drosophila placed in a fasting state were used. It was found that the best fasting time, the fasting
time during which Drosophila were most active in the track, was about 24 hours. An experiment was then conducted to determine which substances Drosophila recognize as a food source due to their scent. For this experiment,
mediums without yeast, propionic acid, and a combination of both were made from the normal medium. Normal medium in addition to modified different medium was placed at different ends of the V-shaped track and five Drosophila
were placed at the starting point. They were observed for approximately 10 minutes. From observations made during this experiment, it is suggested that Drosophila rely on the smell of yeast and propionic acid to get to the medium.
The results were confirmed by repeating the experiment using cottons dampened with water and yeast and propionic acid. When the effects of the different sexes on behavior in the apparatus were examined, there was little effect.
Therefor an examination of the differences in population density revealed differences in movement within the apparatus.

INTRODUCTION

For this study, | decided to use Drosophila, among many other candidates.
That is because it is a model organism. Model organisms are organisms
used to study universal life phenomenon. There are some reasons why
they are used in studies. One reason is that their life cycle is shorter than
that of other organisms. The second reason is that the genome of
Drosophila is open. In addition to this, there are many mutant Drosophila.
Because of this, it is possible to choose mutants of Drosophila to use
based on the results of this research.

Fig.1 Drosophila melanogaster (Oregon-R)

Y EXPERIMENT 1 (Continued)

RESULT and DISCUSSION

The number of flies that went towards the normal medium was higher
when using the medium without yeast than when using one without
propionic acid. It might that flies perceive propionic acid more easily, but
it is difficult to generalize because the number of flies that stayed were
different. When the medium without yeast and propionic acid was used,
more than 80% of the flies went towards the normal medium. This
suggests that the substances flies recognize as a food source due to their

MATERIAL

NORMAL MEDIU

Table 1 Components of medium

MEDIUM

Table 2 Components of agar medium
1
50|

\water (mL)

yeast ()
corn flour (g)

lagar powder (g)

water (mL)

rice bran (g)

glucose (g)

lagar powder (g)

propionic acid (mL)

butyl p-hydroxybenzoate/ethanol (mL)

EQUIPMENT -
EIRED e
|

Fig.2 Normal medium Fig.3 Agar medium

- Carbon dioxide bottle
« Cotton

+ Modified food

- Equipment

« Plastic sheet

« Dish

« Aspirator Fig.4 Carbon dioxide bottle

Fig.5 Cotton Fig.6 Modified medium

1

Fig.10 Aspirator

>

Fig.7 Equipment

NORMAL MEDIUM

First, the materials (water, corn flour, sugar, yeast, agar powder) were measured,
mixed, and made into a liquid. Next, they were heated until boiling. Once boiling, the
mixture was heated over low heat for 15 minutes. After turning off the heat, the
propionic acid and butyl p-hydroxybenzoate/ethanol were added and mixed. The
mixture was then placed in test tubes and left overnight to decrease the humidity of
the test tube.

About 20 flies were placed in test tubes containing the medium. The environmental
conditions were managed to maintain temperatures under 23°C with 12 hours of dark and 12
hours of light. After about two weeks, the next generation was born, and it was transferred to
a new medium. Carbon dioxide was used as a means of transfer.

EQUIPMENT

A blueprint for a track was drawn up using Tinkercad and printed out using a 3D
printer. Two types of equipment were made. A cover was made for the equipment
by cutting a piece of plastic sheet to fit the equipment. The cover was removable.

CONDITION

First, flies that were metamorphosized were placed in the fasting state after two days. Subsequently, from among
these flies, active flies climbing up the test tube were chosen for use in experiments.

Fig.8 Plastic cover Fig.9 Dish

Fig.11 Making the medium

Fig.12 3D printed tracks

PRE-EXPERIMENT

To increase the accuracy of the experiment, the flies’ conditions were tested. First, normal medium
was placed one end of the V-shaped track. Then, 5 flies in a fasting state were placed at the start point.

The equipment was then covered and left in place. A video recording of the scene was taken and the
number of flies that moved toward the normal medium was observed for approximately 10 minutes. A
good condition was defined as one in which at least 70% of all the flies went towards the normal

Table 3 Result of the first control experiment Table 4 Result of the second control experiment

2023.04.13.16:00 O @ ® @ total

3

2023.05.03.14:00 © @ @
0
s

total

stay 4 8

5

stay

normal

medium. If the flies were in a good condition, the experiment was continued.

normal

0 1
21 1 4
3 0

1
1
no food 0 1 3 7 no food 0

Fig.13 V-shaped track

EXPERIMENT 1

METHOD

The purpose of this experiment is to know what odor from the normal medium is recognized by flies for use in
future control experiments. First, the normal medium was placed at one end of the V-shaped track, and one of
three different types of medium were placed at the other end. Then, 5 flies in a fasting state were placed at the start
point. The equipment was covered and left in place. A video recording of the scene was taken and the number of
flies that moved in either direction was observed for approximately 10 minutes.

scent were yeast and propionic acid.

Table 5 Result of experiment (without propionic acid)
@ ® ®
03 1 1
41

@

2023.04.05.10:00 @

stay

normal

2
2 Fig.15 V-shaped track

without propionic acid 1 1

Table 6 Result of experiment (without yeast)

O ® 6
1 stay
2
2

Table 7 Result of experiment (without yeast and propionic acid)
@ ® ® 6
0 0

2023.04.20 14:00 2023.04.21. 16:00 @

0

total
0
22
3

stay 0

1 2 0
normal 2 2 normal 5 4 s 5 3
without yeast 21 without yeast & propionicacid 0 1 0 0 2

EXPERIMENT 2

METHOD

To confirm the results from Experiment 1, an experiment using cottons was conducted. First, cotton was cut and
put at the ends of the V-shaped track. Then, the pieces of cotton were permeated with either water or extracted
yeast solution and propionic acid. Then, 5 Drosophila in a fasting state were placed at the starting point. The
equipment was covered and left. A video recording of the scene was taken and the number of flies that moved in

either direction was observed for approximately 10 minutes.
W

RESULT and DISCUSSION

75% of flies went toward the cotton with yeast and propionic acid. Only one fly went
toward the cotton with water. This result confirmed the findings from Experiment 1.

Table 8 Result of experiment with cotton

2023.04.27.16:00 / 2023.04.28.16:00 (D)

@
1

stay

water 1

yeast & propionic acid 3

Fig.16 V-shaped track

ANALYSIS

POPULATION DENSITY

To see if population density affects movement within the track, the following analysis was conducted. The flies’
trajectories were taken in the tracks, divided into two parts (the odor part and the water part), and the area of their
trajectories was measured using imageJ. Comparing the area with the odor and the area with water, it was found
that the flies were more attracted to the area with the odor. The results also show that the five individuals in the
experiment were more active in the track than those in the experiment with only one individual.

*

start water| [

orbital area (%)

Fig.17 Orbital map (5 flies density) N=10

Lo fotalt ol

Fig.18 Orbital map (1 fly density) N=12

FUTURE PLAN

I To determine if the growing medium does not contain yeast and propionic acid, but still moves toward to
the yeast and propionic acid odor.
1. Flies will be grown in the medium without yeast and propionic acid.
2. The same experiment as Experiment 2 will be conducted using flies generated on the medium without
yeast and propionic acid.
3. They will be compared with those raised on normal medium.

Lsample(L)  Lsample(R)  Ssamples(L) _ Ssamples(R)
*P<0.01
(L : odor part, R : water part)

Fig.19 Average of destination stay rate

II' To determine if the behavior of the flies in Experiment 2 was due to odor by using mutants.
1. The same experiment as Experiment 2 will be conducted using mutants.
2. They will be compared with those raised on normal medium.

III To determine how the parent’s ability to learn will affect the next generation
1. Flies will be trained to head in the direction of the odor.
2. The next generation of trained flies will be used to determine how their behavior

differs from the next generation of untrained flies. Fig.20 V-shaped track
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Abstract

The objective of this research is to find the substances that affect the suppression of mold growing
on bread. The bread was placed in a container with lemon, grated garlic, and wasabi paste, all of
which had a strong odor, and observed for about two weeks. Later, focusing on allicin, a
component of garlic, an experiment was conducted on mold suppression by comparing two garlic
samples. One sample contained a clove of garlic cut, and the other was grated, then heated. The
results showed that allicin, a volatile antimicrobial component in garlic, affected the inhibition of
mold growth. From there, the focus shifted to elucidating the mechanism of the inhibitory effect
of allicin on mold. Alliin was extracted from American peeled garlic and added to an alliinase
enzyme solution to make an allicin solution. Future research should focus on the thermostability
of allicin, concentrating on the variation of its inhibitory effect with temperature change.

Keywords: mold, growth suppression, lemon, garlic, wasabi, allicin
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I. Introduction

In the third grade of junior high school, curiosity arose about the duration it took for mold
to grow on expired bread and the measures required to prevent mold growth. An experiment
titled "Mold Development and Control Using Bread" was conducted then. The experiment led to
a desire to investigate mold further. The objective shifted to studying the causes of mold
suppression, an aspect that had not been explored before.

Il. Materials and Method
Materials

One slice of bread, water, atomizer, aluminum foil, wrap, 500 mL beaker, lemon, grated
garlic, wasabi paste (tube), fruit knife, 3D printer, and polyethylene gloves were used.
Method

First, a slice of bread was prepared, and polyethylene gloves were worn to prevent direct
contact with the bread. The bread was then cut into six squares, removing the crust. The squares
were sprayed with water using an atomizer twice and left to air for 20 seconds.

Second, parts of the platform corresponding to the size of the bread and beaker were made
using a 3D printer and assembled (Fig. 1).

Third, the bread from the first step was pressed into the stand made in the second step as if
it was stamped, and then assembled using polyethylene gloves to prevent touching the bread with
hands, and a small aluminum foil case with a base of about 4 cm was placed inside a 500 mL
beaker (Fig. 2). The aluminum foil case was placed in the space under the beaker (Fig. 3).

Various samples were placed in the aluminum foil case.
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Wrap

Bread

Sample

Aluminum foil

Fig.1 3D printed platform Fig.2 Sealed container Fig.3 Schematic diagram

I11. Data Analysis

Experiment 1

Lemon (fresh lemon cut into wedges), grated garlic, and wasabi paste (from a tube) was

used. These were placed in aluminum foil and observed at room temperature (25°C) for two

weeks. The results are shown in Figure 4.

Fig.4 Bread after two weeks [ (@) Nothing ~ (b) Lemon  (c) Grated garlic ~ (d) Wasabi paste ]

Mold Determination : Moldy.... )X, Completely mold free.... O
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Experiment 2
This experiment focused on whether the inhibitory effect of mold development persists
when the state is changed. Another experiment was conducted with garlic, which can easily

change its state. The results are shown in Figures 5 and 6.

Allinase
Allicin
Fig.5 A clove of garlic Fig.6 Heated grated garlic Fig.7 Mechanism of
with small cuts garlic's anti-mold effect

Experiment 3
From the results of Experiment 2, it was found that allicin, a "volatile antimicrobial
ingredient,” was responsible for the inhibitory effect of garlic on mold, so an allicin solution was

made.

Alliin solution Alliinase enzyme solution Allicin solution

Fig.8 Produce of Allicin solution

To make the alliin solution, 450 g of American peeled garlic was dried, powdered, and
stirred in 80% methanol for 24 h, This was done three times. The extract was then concentrated
under reduced pressure using a vacuum pump. For the alliinase enzyme solution, 10 grams of

garlic were ground, repeatedly centrifuged at 3000 rpm for 2 minutes, and the supernatant
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solution was collected. The sediment was finely divided, the pH was adjusted to 4, and after the
third centrifugation, 10 mL of PBS was dissolved in the sediment, and two drops of toluene were
added to prevent bacterial contamination. The allicin solution was created using 0.5 mL of
alliinase enzyme solution per 1 mL of alliin solution. The following experiment was conducted
to confirm this. After two weeks, the bread in the beaker with the allicin solution did not have

any mold growth (Figure 10).

Fig.9 Garlic supernatant Fig. 10 Allicin solution

IV. Discussion
Experiment 1

From the results of Experiment 1, it was found that none of the bread in the beaker with
grated garlic and wasabi paste had mold, even though they were under the same conditions as the
others. The bread in the beaker with grated garlic and the bread in the beaker with wasabi paste,
both of which had no mold growth in this experiment, continued to be monitored. The same
experiment was conducted with grated garlic and kneaded horseradish at different times and
under the same conditions. Two weeks later, the bread was again free of any mold. These results

suggest that grated garlic and wasabi paste had an inhibitory effect on mold growth.
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Experiment 2

After two weeks, the bread was found to be moldy, as was seen in Fig. 5 and Fig. 6. This is
due to the mechanism of garlic’s anti-mold effect. Garlic contains allicin, a "volatile
antimicrobial ingredient” formed when alliin is activated by the alliinase enzyme, produced when
garlic is grated. Also, GSAC is the foundation of garlic’s anti-mold effect. In other words, in
Experiment 2, the cut garlic was not abraded, so alliin was not activated because alliinase was
not generated. The grated garlic that was heated was inactivated by the heat, so it lost its mold-
inhibitory effect.
Experiment 3

It is thought that the garlic supernatant contained little or no antimicrobial components.
V. Conclusions

In these experiments, it was discovered that grated garlic and kneaded horseradish act as
substances inhibiting mold. Additionally, it was observed that without rubbing it down, the mold
inhibitory effect cannot be attained for garlic. Furthermore, allicin, a volatile antimicrobial
component in garlic, was successfully extracted.
V1. Future Research

Through previous experiments, it was found that allicin, a volatile antimicrobial ingredient
in garlic, affected the inhibition of mold growth. However, since all the experiments were
conducted at room temperature (25°C), the thermostability of allicin has not been explored.
Future research should find the thermostability of antimicrobial activity in garlic. Furthermore, to
produce a preservative that does not give off any other odor using garlic by reducing the unique

odor of allicin while maintaining its mold suppression effect.
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The objective of this research is to find the substances that affect the suppression of mold growing on bread. The bread was placed in a container with lemon, grated garlic, and wasabi
paste, all of which have a strong odor, and observed for about two weeks. Later, focusing on allicin, a component of garlic, an experiment was conducted on mold suppression by
comparing two samples of garlic. One sample contained a clove a garlic that was cut and the other was grated, then heated. The results showed that allicin, a volatile antimicrobial
component in garlic, had an effect on the inhibition of mold growth. From there, the focus shifted to elucidating the mechanism of the inhibitory effect of allicin on mold. Alliin was extracted
from American peeled garlic an added to an allinase enzyme solution to make an allicin solution. Future research should focus on the thermostability of allicin, concentrating on the

variation of its inhibitory effect with temperature change.

Introduction

When | was in the third grade of junior high school, | was curious about how long it took for
mold to grow on expired bread and what kind of measures were needed to prevent mold
from growing, so | conducted an experiment titled "Mold Development and Control Using
Bread”. This experiment led me to want to investigate mold further. | wanted to study the
causes of mold suppression, something which | had not been able to do before.

Materials & Method

(Materials)
one slice of bread, water, atomizer, aluminum foil, wrap, 500 mL beaker, lemon, grated
garlic, wasabi paste (tube), fruit knife, 3D printer, and polyethylene gloves.

(Method)

[STEP 1] A slice of bread was prepared, and polyethylene gloves were worn to prevent
direct contact with the bread. The bread was then cut into six squares,
removing the crust. The squares were sprayed with water using an atomizer
twice and left to air for 20 seconds.

[STEP 2] Parts of the platform corresponding to the size of the bread and beaker were
made using a 3D printer and assembled (Fig. 1).
[STEP 3] The bread from [STEP 1] was pressed into the stand made in [STEP 2] as
if it were stamped, and then assembled using polyethylene gloves to prevent
touching the bread with hands, and a small aluminum foil case with a base of
about 4 cm was placed inside a 500 mL beaker (Fig. 2). The aluminum foil
case was placed in the space under the beaker (Fig. 3). Various samples were
placed in the aluminum foil case.

Wrap

Bread

Samplem

7/\Iuminum m\

Fig.1 3D printed platform Fig.3 Schematic diagram

Experiment 1

{Sample) Lemon (Fresh lemon cut into wedges), Grated garlic, Wasabi paste(from a tube)

Fig.2 Sealed container

These were placed in aluminum foil and observed at room temperature (25°C) for
two weeks.

(Result & Discussion)

Fig.4 Bread after two weeks [ (a) Nothing (b) Lemon (c) Grated garlic (d) Wasabi paste ]

Mold Determination : Moldy- - - - X, Completely mold free- - - -O

From the results of Experiment 1, it was found that none of the bread in the beaker with
grated garlic and wasabi paste had mold, even though they were under the same conditions
as the others. The bread in the beaker with grated garlic and the bread in the beaker with
wasabi paste, both of which had no mold growth in this experiment, were continued to be
monitored. The same experiment was conducted with grated garlic and kneaded
horseradish at different times and under the same conditions. Two weeks later, the bread
was again free of any mold. These results suggest that grated garlic and wasabi paste had
an inhibitory effect on mold growth.

Experiment 2

{Sample) This experiment focused on whether the inhibitory effect of mold development
persists when the state is changed. Another experiment was conducted with
garlic, which can easily to change its state.

(Result & Discussion)

Fig.5 A clove of garlic
with small cuts

Fig.6 Heated grated garlic Fig.7 Mechanism of

garlic's anti-mold effect

After two weeks, the bread was found to be moldy, as was seen in Fig. 5 and Fig. 6. This is
due to the mechanism of garlic’'s anti-mold effect. Garlic contains allicin, a "volatile
antimicrobial ingredient” that is formed when alliin is activated by the allinase enzyme,
which is produced when garlic is grated. Also, GSAC is the foundation of garlic’s anti-mold
effect. In other words, in Experiment 2, the cut garlic was not abraded, so allin was not
activated because alliinase was not generated, and the grated garlic that was heated was
inactivated by the heat, so it lost its mold inhibitory effect.

Experiment 3

From the results of Experiment 2, it was found that allicin, a "volatile antimicrobial
ingredient,” was responsible for the inhibitory effect of garlic on mold, so an allicin solution

was made. b
3 * [

Alliin solution Alliinase enzyme solution

Allicin solution
Fig.8 Produce of Allicin solution

To make the alliin solution, 450 g of American peeled garlic was dried, powdered, and
stirred in 80% methanol for 24h, This was done three times. The extract was then
concentrated under reduced pressure using a vacuum pump. For the allinase enzyme
solution, 10 g of garlic was ground, centrifuged repeatedly at 3000 rpm for 2 min, the
supernatant solution was taken, the sediment was finely divided, adjusted to pH 4, and after
the third centrifugation, 10 mL of PBS was dissolved in the sediment and 2 drops of toluene
was added to keep bacteria out. The allicin solution was created using 0.5 mL of alliinase
enzyme solution per 1 mL of alliin solution. The following experiment was conducted to
confirm this.
(Result & Discussion)

After two weeks, the bread in the
beaker with the allicin solution did not
have any mold growth (Fig. 10). It is
thought that the garlic supernatant was
one that contained little or no
antimicrobial components.

Fig.9 Garlic supernatant

Future Plan

Through previous experiments, it was found that allicin, a volatile antimicrobial ingredient in
garlic, had an effect on the inhibition of mold growth. However, since all the experiments
were conducted at room temperature (25°C), the thermostability of allicin has not been
explored. Future research should elucidate the thermostability of antimicrobial activity in
garlic using Ref.1 as a prior research.
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Exploring the Photoprotective Capabilities of Anthocyanin
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Abstract

The theme of this research focused on three problems. First, the effects of sunscreen on the human
body. Second, the effects of sunscreen on marine life. Third, finding a use for food waste from the
wine industry. Sunscreen is applied daily to many people's bodies, and the ingredients in sunscreen
get absorbed by the skin into the bloodstream. Some of these ingredients may contain harmful
compounds. Also, if we enter the sea after applying sunscreen, some of it can come off in the water,
causing harm to marine life. Meanwhile, pomace, the dry or pulpy residue of grapes consisting of
grape seeds and skins, is something that the global wine industry produces close to 12 million tons
of each year. It is typically discarded during wine production; however, research on grape pomace
has revealed that it is rich in anthocyanins. Anthocyanins have photoprotective capabilities.
Therefore, if it were possible to make sunscreen out of grape skins, it would solve these three
problems. This research was done as part of an International Collaborative Research Project with
National Junior College in Singapore.

Keywords: sunscreen, pomace, grapes, anthocyanin, photoprotection
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I. Introduction

In conventional sunscreen, there are a lot of harmful ingredients. In the global wine
industry, 12 million tons of grape pomace is produced every year. The skins of grapes, high in
anthocyanins, make up 50% of this pomace by weight. According to Costa et al. (2014), “Grape
anthocyanins are the 3-O-monoglucosides of delphinidin, cyanidin, petunidin, peonidin, and
malvidin.” Anthocyanins are water-soluble pigments produced via the flavonoid pathway in the
cytoplasm of the colored plant cell. They are responsible for the deep red, blue, and purple
pigments found in plants.

Light is the main source of energy for photosynthesis. However, under strong light
conditions, plants may capture more light than photo utilization capacity. So, plants develop their
systems to protect themselves from these photooxidative stresses, and anthocyanin is a prime
example. In the case of eggplants, most of the color is deep purple, but the bottom of the calyx,
which is not exposed to sunlight, has a slightly lighter blue-purple color (Anthocyanin, 2023).
Thus, anthocyanins may be a safer alternative for photo-protection. The UV-inhibiting properties
of anthocyanins found in grapes and the optimal proportion for maximum sun protection are
investigated and compared in this research.

Il. Materials and Method
1. Making Sunscreen from Grape Skin
1.1: Extraction of Anthocyanin

First, the grapes (Vitis vinifera) were peeled to remove their skins. Then they were frozen
using liquid nitrogen. Finally, they were finely ground using a mortar and pestle, allowing for the
complete rupture of cells and, thus, very high anthocyanin extraction rates. The prepared raw

material was kept at -20 °C until extraction.
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For extraction, the grape skins were mixed with 0.1% HCI at a ratio of 2.5:1, W/W. The
resulting mass was heated in a water bath at 50°C for 2 hours using a hot stirrer. After that, it
was stored in a refrigerator.

1.2: Purification of Anthocyanin

The crude extract was filtered using a suction filter. After that, it was centrifuged at 4000
pm for 5 minutes, 6000 rpm for 5 minutes, and 8000 rpm for 30 minutes. There was a precipitate,
which was removed. The main factors considered were the purity, yield, operating components,
and production cycle of the target substance.

1.3 Quantification of Anthocyanin

After obtaining the anthocyanin extract from the grape pomace, quantification of the
concentration of anthocyanin was done through the pH Differential Method. 300 L of
anthocyanin solutions was added to 3 mL of buffers. Each of the pH 1, pH 4, and pH 7 buffered
anthocyanin solutions were placed in a cuvette and then into a UV-vis spectrophotometer to read
the absorbance of UV light.

2. Mixing with Creme
2.1 Aqueous Phase Preparation

6g of anthocyanin extract 20g of Glycerin were dissolved in deionized 10 mL Water to be
heated to 80°C for 3 minutes.
2.2 Oil Phase Preparation

20g of Stearic acid and 4g of Cetyl alcohol were mixed and heated at 80°C for 10 minutes.
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2.3 Mixing Phase

Oil phase was added to the aqueous phase at 80°C with continuous stirring for 30 minutes
till a uniform emulsion was formed. Then, triethanolamine was added till the pH value became 8.
The pH value was measured using a pH test paper.
3. Measurement of the Photoprotective Capabilities of Sunscreen

35g of methylene blue solution (see results for concentration) was mixed with 0.05g of
titanium dioxide. A piece of aluminum foil with a 4.5 cm x 6.5 cm rectangular hole was placed
on top of a Mini Size UV Transilluminator (Ultra-Lum, Inc., UVB-10, 300 nm) with the hole
above the UV irradiation area. Over the hole, place sunscreen with the sickness of three sheets of
cellophane tape between two glass slides (referred as (1)), and then stack two slide glasses
without sandwiching the sunscreen (referred as (2)) was placed. A mixture of titanium dioxide
and methylene blue solution was poured into six vials (5 mL each), and three vials each were
placed on top of (1) and (2). UV light was then irradiated from the UV transilluminator for 5, 10,
and 15 minutes to check how much the methylene blue solution was decolorized. Experiments

were conducted in the dark.

Fig.1 Setup of UV irradiation
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4. Quantification of the Concentration of Methylene Blue Solution Used in Experiment 3

The absorbance of methylene blue solution used in experiment 4 diluted twice with ion-
exchanged water was measured using an UV-vis spectrophotometer, and the molar concentration
of the methylene blue solution was calculated using the Beer-Lambert Law, represented by the
formula: A = ecl

A = absorbance of methylene blue solution;

€ = molar extinction coefficient of methylene blue at 665 nm (91,000 L/(mol - cm))

(Nishizaka et al., 1993);

¢ = molar concentration of methylene blue solution; | = cell length (1 cm)
I11. Result and Discussion
About the Buffered Anthocyanin Solution

Anthocyanins change their structure depending on the pH value, and the wavelength of
light absorbs changes depending on the structure. Therefore, since the absorption spectrum
changed at pH 1, 4, 7, it was determined that the extracted liquid was anthocyanin. The pH
values of pH 1, 4, and 7 buffered anthocyanin solutions were 0.4, 3.7, and 6.7.

According to reference 3, the maximum absorption wavelength at pH 1.1, pH 3.0, and pH

5.0 was 521.5 nm, 523.0 nm, and 532.0 nm.

Table.1 pH value of each buffered anthocyanin solution

Solution pH value
pH1 buffered anthocyanin 0.4
pH 4 buffered anthocyanin 3.7
pH 7 buffered anthocyanin 6.7 Fig.2 Centrifuged liquid
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Fig.4 Graphs showing the UV absorption spectrum of pH 1, 4, and 7 buffered anthocyanin solutions

A possible cause of the absorbance value of UV light being too high is that the
concentration of the measurement solution was too high and could not be measured accurately.
About the Sunscreen Made with Anthocyanins Extracted from Grape Skin

The pH value of the sunscreen was read using a pH test paper and it was 8.

Fig.5 Sunscreen made with anthocyanins
extracted from grape skin

The Photoprotective Capabilities of Sunscreen
The mixture of methylene blue and titanium dioxide in a viral (5 mL each) was exposed to

UV light for 5, 10, and 15 minutes with a UV irradiator from under a sunscreen sandwiched
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between two glass slides, without anything between the two glass slides, and no UV light. The

difference in methylene blue decolorization of the seven solutions is shown in Figure 6 below.

Fig.6 (From left to right) Methylene blue solution without UV irradiation, UV irradiated for 5, 10, 15
minutes from under two glass slides with sunscreen in between, and UV irradiated for 5, 10, 15
minutes from under two glass slides without sunscreen in between

As shown in Figure 6, the degree of discoloration of the methylene blue solution is smaller
when it is exposed to UV light from below with a sunscreen between the glass slides than when
it is exposed to UV light from below without the sunscreen between the glass slides. From this
result, it can be said that this sunscreen has photoprotective capabilities.

The Concentration of Methylene Blue Solution Used in Experiment 3

The absorbance of the solution of methylene blue used in experiment 4, diluted twofold
with ion-exchange water, was 0.27 at 665 nm. By substituting this absorbance into the formula
and doubling the calculated concentration, the molar concentration of methylene blue was found

to be 5.89 x 10°® mol/L.

0.3
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Fig.7 The absorption spectrum of solution of methylene blue used in
experiment 4 after it was diluted twofold with ion-exchange water
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V. Conclusion

In conclusion, sunscreen prototypes containing anthocyanin extracts of grapes were
successfully formulated, with significant photoprotective effects observed when tested for with
the set up using methylene blue-titanium dioxide solution.
V. Future Research
Control Experiment

The same experiment as in experiment 3 should be conducted with a cream without
anthocyanin extract and a commercial sunscreen with SPF 30 to verify whether the
photoprotective effect obtained in the experiment is really due to the anthocyanin extract and to
compare its performance with that of the commercial sunscreen.
Homogeneity Test

Creams will be analyzed under a microscope for grittiness and aggregations.
SPF Determination

To determine the SPF of the cream, it should be transferred to a 100 mL volumetric flask
and diluted to volume with ethanol. Then, 1 mL aliquot is to be transferred to a 10 mL
volumetric flask, and the volume is to be adjusted with ethanol. The absorption data is to be
obtained in the range of 290-320 nm every 5 m interval. After obtaining absorbance values of
anthocyanins, SPF is to be calculated using the following formula:
SPF(Spectrometry) = CF x 23EE(4) x 1(2) x Abs(1)

CF =10 (Correction Factor); EE(X) = Erythemogenic effect of radiation at wavelength 4,

I(1) = Intensity of solar light at wavelength 1; Abs(1) = Absorbance of wavelength 4
Water Resistance Test

Creams should also be tested in terms of their water resistance to determine their viability.
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of Anthocyanin
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Abstract

Ritsumeikan High School

The theme of this research focused on three problems. First, the effects of sunscreen on the human body. Second, the effects of sunscreen on marine life. Third, finding a use for food waste from the wine
industry. Sunscreen is applied daily to many people’s bodies, and the ingredients in sunscreen get absorbed by the skin into the bloodstream. Some of these ingredients may contain harmful compounds.
Also, if we enter the sea after applying sunscreen, some of it can come off in the water causing harm to marine life. Whereas, pomace, the dry or pulpy residue of grapes consisting of grape seeds and
skins, is something that the global wine industry produces close to 12 million tons of each year. It is typically discarded during wine production, however, research on grape pomace has revealed that it is
rich in anthocyanins. Anthocyanins have photoprotective capabilities. Therefore, if it were possible to make sunscreen out of grape skins, it would solve these three problems. Since the types of grapes
available in Japan and Singapore are different, grapes available in each country were used to investigate whether the effectiveness of sunscreen changes depending on the type of grape. To make
sunscreen that solves the food waste problem, while containing little to no chemicals, aloe vera is also used in the cream.

Introduction

In conventional sunscreen, there are a lot of harmful ingredients. In the global wine industry, 12
million tons of grape pomace is produced every year. The skins of grapes, which are high in
anthocyanins, make up 50% of this pomace by weight. Anthocyanins are water-soluble pigments
produced via the flavonoid pathway in the cytoplasm of the colored plant cell. They are
responsible for the deep red, blue and purple pigments found in plants.

Light is the main source of energy for photosynthesis. However, under strong light conditions,
plants may capture more light than for photoutilisation capacity. So plants develop their own
systems to protect themselves from these photooxidative stress and anthocyanin is a prime
example of this. Thus, anthocyanins may be a safer alternative for photo-protection. We will be
investigating and comparing the UV-inhibiting properties of anthocyanins found in grapes, and the
optimal proportion for maximum sun protection.

Experiment 1: Extraction of Anthocyanin

First, the grapes were peeled to remove their skins (Fig.1), Then they were frozen using liquid
nitrogen. Finally, they were finely ground using a mortar and pestle (Fig.2). This allowed for the
complete rupture of cells and thus very high anthocyanin extraction rates.

The prepared raw material was kept at -20°C until extraction. After that, it was frozen by liquid
nitrogen and then was ground.

For extraction, the grape skins were mixed with 0.1% HCI at a ratio of 2.5:1, W/W(Fig.3). The
resulting mass was heated in a water bath at 50°C for 2 hours using a hot stirrer. After that, it was
stored in a refrigerator.

Fig.1 Peeled grapes Fig.2. Frozen using liquid nitrogen Fig.3 Mixed with 0.1% HCI

Experiment 2: Purification of Anthocyanin

The crude extract was filtered using a suction filter. After that, it was centrifuged at 4000 rpm for
5 minutes; 6000 rpm for 5 minutes; and 8000 rpm for 30 minutes.

There was a precipitate, so it was removed.

The main factors considered were the purity, yield, operating components, and production cycle
of the target substance.

Fig.5 Suction filtering
B\ |

4

Fig.8 Centrifuge Fig.9 Centrifuge Fig.11 Precipitate

Fig.10 Centrifuged liquid
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Experiment 3: Quantification of
Anthocyanin

After obtaining the anthocyanin extract from the grape pomace, quantification of the
concentration of anthocyanin was done through the pH Differential Method. 300 pL of
anthocyanin solutions was added to 3 ml of buffers. Each of the pH 1, pH 4, and pH 7 buffered
anthocyanin solutions were placed in a cuvette and then into a UV-vis spectrophotometer.

Table 1 pH value of each buffered anthocyanin solution
[ Soluiion | pHvalue

PH 1 buffered
anthocyanin 0.4

‘ PH 4 buffered 3.7

anythocyanin
PH 7 buffered
anthocyanin

a 6.7
Fig.12 Buffered anthocyanin solutions
(left: pH 1, middle: pH 4, right: pH 7)

. s > o b - 5 > . . o Wavelengthinm)

Graph 1 Graph 2 Graph 3
Fig.13 Graph 1, 2, 3 : Absorption spectrum of pH 1, 4, 7 buffer and pH 1, 4, 7 buffered anthocyanin solutions

Anthocyanins change their structure depending on the pH value, and the wavelength of light
absorbs changes depending on the structure. Therefore, since the absorption spectrum changed at
pH 1, 4, 7, it was determined that the extracted liquid was anthocyanin. The pH values of pH 1, 4
and 7 buffered anthocyanin solutions was 0.4, 3.7, and 6.7.

According to the reference 3, the maximum absorption wavelength at pH 1.1, pH 3.0, pH 5.0 was
521.5 nm, 523.0 nm, 532.0 nm.

’f_‘\/\

Graph 4 Graph 5 Graph 6
Fig.14 Graph 4, 5, 6 : UV Absorption spectrum of pH 1, 4, 7 buffer and pH 1, 4, 7 buffered anthocyanin solutions

a7ttt

The absorbance of UV light was read using a UV-vis spectrophotometer. A possible cause of the
absorbance value being too high is that the concentration of the measurement solution was too
high and could not be measured accurately.

The extracted anthocyanin solution was mixed with
glycerin and white petrolatum at a ratio of 1:1, weight
by weight. When it is mixed with white petrolatum, it
becomes sticky, and when it is mixed with glycerin, it
becomes liquid, so neither is the best ingredient for
sunscreen.

Fig.15 Mixed with White Petrolatum Fig.16 Mixed with glycerin

Future Plan

Experiments to be done in the future are Experiments 4,5,6, and 7.

[Experiment 4: Make it mildly acidic]

A strong acid has a higher preventative power, so it must be made a weak acid while maintaining
that power. Because if it remains a strong acid, it cannot be applied to the skin.

[Experiment 5: Test the viability as sunblock]

Anthocyanins are chemical compounds, so they may decompose at high temperatures. To be a
viable sunblock it needs to remain heat stable under a temperature at which people apply
sunscreen. It is necessary to consider whether the effectiveness of sunscreen can be maintained
and what to do if it cannot be maintained.

[Experiment 6: Mix with aloe vera]

Aloe vera cream will be used to make a creamy sunscreen. Aloe vera cream is naturally derived, so
it has no negative effects on people or the environment.

[Experiment 7: With ready-made]

The Experiment 6 mixture and ready-made products will be tested to see how much UV protection
they provide.
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Abstract

Matcha is made from crushed tea leaves and is a traditional Japanese drink. It contains tannins,
amino acids, and caffeine, with 10% of its components being tannic acid. The structure of tannin
includes a benzene ring, and the hydroxy group directly attached to this ring can bind to metal ions.
It is known that phenol resin, a synthetic resin, is obtained by combining phenol with formalin.
Building on this technique, using tannins instead of phenols could facilitate the removal of heavy
metal ions from water through their binding properties. Therefore, the experiment used matcha
and tannic acid to remove metal ions from water. First, formalin treatment was applied for the
polymerization of both matcha and tannic acid. The experiment showed that substances with a
smaller mass polymerized effectively, but those with larger masses were not fully formalized and
were washed away with water, resulting in a reduced powder yield. Next, iodometric titration, a
quantitative method for measuring copper (1) ions, was used to determine their concentration. It
was found that both matcha and tannic acid, even before formalin treatment, adsorbed copper (1)
ions effectively. However, the adsorption capacity of tannic acid improved after formalin treatment,
whereas matcha performed better before the treatment. This difference is attributed to the clumping
of matcha post-formalin treatment, which made it difficult to crush.

Keywords: matcha, tannic acid, heavy metal removal, polymerization, adsorption
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I. Introduction

Heavy metals are found in low concentrations in nature, and some of them are known as
essential elements necessary for survival. However, when heavy metal ions are present in
environmental water sources such as lakes and ponds, they negatively affect human health and
ecosystems due to their harmful effects. Previous studies have already shown that it can be
removed with coffee husks.

Therefore, this experiment studied a method to remove heavy metal ions from water using
natural materials. This experiment focused on matcha, a traditional Japanese drink. Matcha
contains about 10% matcha polyphenols. Matcha polyphenols contain a hydroxy group attached
directly to the benzene ring. Hydroxylates with a proton removed from the hydroxy group can
coordinate with metal ions. Using this property, we tried to collect and remove heavy metal ions
from water. The tannic acid in matcha is also used. In this study, the research team wondered if it
could adsorb even more heavy metal ions by making matcha a polymer.

Il. Materials and Method
Experiment 1: Formalin Treatment

In this experiment, commercially available matcha from Kyoto Prefecture and tannic acid
(a type of polyphenol) were treated with formalin. For this, 1.0 g of matcha was mixed with 5.0
mL of formalin and 20.0 mL of 0.10 mol/L sulfuric acid in a 100 mL eggplant-shaped flask. The
mixture was stirred at 60°C for 2 hours. Post-treatment, the matcha was filtered to remove
formalin, washed with 100 mL of ion-exchanged water, air-dried, and ground with a mortar and
pestle. This process was repeated with two different quantities of matcha (1.0 g and 10 g) and

tannic acid (1.0 g and 5.0 g).
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Fig.1 Matcha mixture being stirred at 60°C Fig.2 Washed matcha mixture

Experiment 2: Removal of Metal lons in Water

This experiment evaluated the ability of matcha and tannic acid, both pre-and post-
formalin treatment, to remove copper ions from an aqueous solution. 0.25g of formalin-treated
matcha powder was stirred in a copper (I1) ion solution for 30 minutes, followed by the addition
of 0.60g of potassium iodide. Sodium thiosulfate was then titrated into the solution, but due to
matcha's dark color, titration results were indistinct. To address this, suction filtration with Celite
was performed before titration to dilute the color. The copper removal rate was calculated using
the formula: Na,S,O, [mol/L] x drop volume / 1000 [L]. The removal rates of matcha and tannic

acid, both with and without formalin treatment, were compared under similar conditions.

Fig.3 Aqueous solution containing copper (1) Fig.4 Suction filtration with Celite performed
ions, matcha, and potassium iodine before titration to dilute the color

Fig.5 Matcha solution after filtration Fig.6 Matcha solution after iodine titration
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I11. Data Analysis
Experiment 1: Formalin Treatment

Results from Experiment 1 indicate that 1.0 g of matcha and tannic acid formed small lumps, with
almost the entire amount polymerizing with formalin. However, in the case of 10.0 g of matcha and 5.0 g
of tannic acid, despite their larger mass allowing for a longer reaction time, not all the mixture could be
polymerized. This led to the hypothesis that the unreacted matcha and tannic acid were washed away,
resulting in a significant decrease in mass compared to the samples with 1.0 g of matcha and tannic acid.

12

10

Weight (g)

matchal matcha2 tannic acidl tannic acid2

N Before W After
Fig.7 Masses of matcha and tannic acid before and after formalin treatment
Experiment 2: Removal of Metal lons in Water
In Experiment 2, it was observed that matcha post-formalin treatment was more resistant to
breaking and had larger particle sizes. This resulted in a reduced surface area compared to the

matcha before formalin treatment, leading to a lower efficiency.
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Only copper(II) Matcha Matcha+HCHO Tannic acid Tannic
acid+tHCHO

Fig.8 Amount of copper (I1) ions in the aqueous solution after attempting removal of
metal ions by matcha and tannic acid, calculated by iodine titration. From
left to right: copper (I1) ion only, matcha, matcha after formalin treatment,
tannic acid, and tannic acid after formalin treatment.

IV. Discussion
Experiment 1: Formalin Treatment

The color of the obtained formalin-treated matcha was dark brown, and the color of
formalin-treated tannic acid was light brown. As shown in Figure 7, all of the masses of matcha
and tannic acid were smaller after formalin treatment. Due to their larger mass, 10.0 g of matcha
and 5.0 g of tannic acid could react for a longer time than 1.0 g of matcha and tannic acid, but the
entire mixture could not be polymerized. Therefore, we considered that unreacted matcha and
tannic acid were washed away, and the mass decreased significantly compared to 1.0g of matcha
and tannic acid.
Experiment 2: Removal of Metal lons in Water

It was found that the removal efficiency of copper (I1) ions when matcha was used as a collection
and removal agent was 82%, which was the highest rate of removal of copper (1) ions. On the other hand,

the removal efficiency when formalin-treated matcha was used was 59%. The removal rate decreased
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significantly when formalin treatment was used to make matcha into a polymer. The original hypothesis
was that if matcha was made into a polymer, the removal efficiency would be significantly lower. The
results contradicted the hypothesis that this would enable the adsorption of even more heavy metal ions.
The reason for this is that matcha before formalin treatment had a smooth texture, whereas matcha after
formalin treatment had a rough texture because it was not sufficiently ground. From this, it was
hypothesized that the surface area of matcha before formalin treatment was larger than that of matcha
after treatment, which may make it easier for hydroxyl groups to coordinate with copper (1) ions.

In an experiment using tannic acid, which was used for comparison with polyphenols, tannic acid
was 33%, and formalin-treated tannic acid was 59%. Tannic acid was treated with formalin and made into
a polymer, which increased the removal rate. Matcha and tannic acid had opposite results before and after
formalin treatment. Comparing matcha and tannic acid, matcha has a higher removal rate.

V. Conclusion

The results from the experiments proved that matcha and tannic acid before formalin
treatment can sufficiently remove copper ions from water, and that tannic acid after formalin
treatment has a slightly higher removal rate. However, the results were not as high as expected.
In addition, the matcha was hard after formalin treatment and could not be crushed completely,
which was thought to have impacted its effectiveness.

The experiment demonstrated that matcha and tannic acid can potentially remove metal
ions from water, though the treatment process influences their effectiveness. During the formalin
treatment, temperature and time found to be important factors in allowing all the tannic acid to
react with the matcha.

VI. Future Research

The stirring time should be increased to avoid reducing the amount of matcha and tannic acid

during formalin treatment. The difference in surface area of matcha before and after formalin treatment

should also be compared by measuring and calculating the microscopic powder distribution.
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It was difficult to maintain an effective surface area when using powders. Tea leaves should be
used instead of powdered matcha to reduce the difference in surface area.
Also, at the JSSF poster session, we received many questions about how to apply the results of this
experiment to the real world. Therefore, the experiment will continue to think about how our experiments
can affect society.
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Collecting and Removing Heavy Metal lons in Water Using Matcha
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Introduction

Matcha is crushed tea leaves, and it is a traditional Japanese drink. Matcha contains tannins, amino acids, and caffeine. 10.57% of matcha's component are tannic acid. The tannin structure contains a
benzene ring, and the hydroxy group directly attached to the benzene ring can coordinate to metal ions. It is known that phenol resin, a synthetic resin, can be obtained by combining phenol with formalin.
Applying this technique, tannins instead of phenols could potentially remove heavy metal ions from water by utilizing their binding with the metal ions. For this reason, we tried to remove metal ions from
water using matcha and tannic acid.

This research focused on Matcha

Materials

+ Matcha

» Formalin

+ Sulfuric acid

+ Tannic acid

+ Copper ion(I1)

\

&
\ =
- = -

Fig.1 Matcha

* Rotor

* lon exchange water
* Round bottom flask
* Triangular flask

* Hole pipette

Fig.2 Water Bath

Experiment 1

Method

1. Formalin treatment
Formalin treatment was used for the polymerization of
Matcha and of tannic acid

The Matcha used in this experiment was produced in Kyoto, Japan. 5.0
mL of formalin and 20.0 mL of 0.10 mol/L sulfuric acid were added per
1.0 g of Matcha in a 100 mL eggplant-shaped flask and stirred at 60°C
for 2 hours (Fig.4). After formalin treatment, the matcha was filtered
through an aspirator to remove the formalin (Fig.5). The Matcha was
then washed with 100 mL of ion-exchanged water (Fig.6). Then, it was
dried and crushed. The experiment was conducted once for each
amount of 1.0 g and 10 g of Matcha and 1.0 g and 5.0 g of tannic acid.

r

Fig.4 Stirred at 60°C
Result and Discussion

Fig.5 Filtered Fig.6 Washed

1.0 g of Matcha and tannic acid produced a small mass, almost all of
them could be polymerized with formalin. 10.0 g of Matcha and 5.0 g
of tannic acid had larger masses, so which allowed them to react for a
longer time than the 1.0 g Matcha and tannic acid, but all of the
mixtures could not be polymerized. Therefore, unreacted Matcha and
tannic acid were washed away, and the mass decreased by a lot more
than 1.0 g of Matcha or tannic acid.

Tannic acid g

Matcha I Matcha 10g Tannic acid ¢
mBefore © After

Fig.7 Weight before and after formalin-treatment

Future Plan

OH
Lo Benzene ring
HO-
OQ,@ OH /\ HO OH’\
Loy o
07 @ ~OH HO

OH

OH

Hydroxy group

— T~

R H A — R [ ]

o}

Fig.3 Matcha Polyphenols

Experiment 2

Method
2. Removal of metal ions in water

Proton are removed

Matcha consists of about 10%
matcha  polyphenols.  Matcha
polyphenols contain a hydroxy
group which attaches directly to
the benzene ring. Hydroxylates
with a proton removed from the
hydroxy group can bond to metal

l ions. By using this property, we

. tried to collect and remove heavy
Metal ions metal jons from water.

Hydroxylate

lodometric titration, a quantitative method for copper(ll) ions, was used to determine the amount of

copper(ll) ions.

0.25 g of formalin-treated matcha powder was added to the solution containing copper(ll) ions and stirred for 30
minutes to remove the metal ions (Fig.8). 0.60 g of potassium iodide was added. While stirring with a stirrer, sodium
thiosulfate was added using a burette and titrated for one hour. The removal rates of Matcha powder without formalin,
tannic acid after formalin treatment, and tannic acid without formalin treatment were also examined under
similar conditions. The same experiment was conducted with tannic acid.

Na:S:0saq[mol/L]xdrop volume/1000[L]= Amount of copper(II) ion [mol]

Fig.8 Matcha before filtration

Result and Discussion

Only copper(ll) Matcha MatchatHCHO  Tommicacid  Tanmic acid+HCHO

Fig.11 Amount of copper(Il) ions

Matcha and tannic acid before formalin treatment also
sufficiently adsorbed copper(ll) ions.

Comparing tannic acid before formalin treatment and
tannic acid after formalin treatment, the latter adsorbed
copper ions better.

Comparing Matcha before formalin treatment and tannic
acid after formalin treatment, Matcha before formalin
treatment adsorbed more copper(l1) ions.

Fig.9 Matcha after filtration

Fig.10 Scheme of experiment

Fig.12 Matcha + HCHO  Fig.13 Tannic acid + HCHO

Matcha after formalin treatment was difficult to crush,
but tannic acid after formalin treatment quickly
crumbled into powder.

Therefore, it is thought that the Matcha after formalin
treatment was unbroken and had larger particles, and
the surface area was smaller than that of Matcha
before formalin treatment, resulting in poor removal
efficiency.

e The difference in the surface area of Matcha before and after formalin treatment should be compared by measuring and calculating the microscopic powder distribution.
eUsing a powder made it difficult to maintain an effective surface area. In order to reduce the difference in surface area, tea leaves will be used instead of powdered Matcha.
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Abstract

After it rains, many raindrops remain on the surface of the umbrella. Then, the umbrella is closed,
and raindrops fall to the floor. There are ways to prevent this problem, but many commercial
facilities in Japan have adopted polyethylene umbrella bags. However, this method harms the
environment because it produces a lot of plastic waste. At the root of this problem is the water that
is brought into the building, and the solution to this problem is to remove as much rainwater as
possible from the surface of the umbrella outside of the building. This research does not focus on
temporary solutions such as waterproof umbrellas, but the shape of umbrellas which would be a
permanent solution. This research focuses on the opening angle of an umbrella, which allows water
to drop more easily to the ground. Typically, the surface of the umbrella is made of polyester. This
research made seven samples of laminated film made of polyester at different angles. As a result,
as the opening angle of the umbrella decreases, the amount of rainwater per unit area also decreases.
Samples were made at the central angle. But for the range of central angles used in this study, the
opening angle calculated from the central angle is an inverse function of sin, and a straight line
can approximate this function. In future research, the number of experiments will increase, and the
material of samples will vary.

Keywords: umbrella, shape, opening angle, surface, raindrops, remain
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I. Introduction

After it rains, many raindrops remain on the surface of the umbrella. Then, when the
umbrella is closed, the raindrops fall to the floor. One way to prevent this problem is to use
plastic umbrella bags. However, this produces a lot of waste, leads to environmental problems,
and wet plastic bags require more energy to deal with. Thus, it can be suggested that changing
the shape of the umbrella will improve efficiency in removing surface raindrops more easily. In
this research, seven sample umbrellas with different opening angles were made. Then the water
fired from the misting sprayer was used as rain to record the state of removing water.

Il. Materials and Method
Making Samples

Kent paper, a compass, scissors, a protractor, super glue, a laminator, laminating film,
compass cutter, and plastic clay were used to make samples. The materials used for the samples
were Kent paper and laminated film. It was assumed that if the paper were not smooth and flat,
water would be held in the small holes, which could lead to errors in the experiment results.
However, Kent paper is smooth and flat, which was suitable for this study. Also, laminate film is
the same material used for plastic umbrellas, so it was also determined to be suitable. Seven
kinds of different shapes of samples were made and experimented upon.

First, Kent paper was cut into circles with a radius of 6 cm using a compass cutter. These
circles were then cut as shown in Figure 1. The central angles were 330°, 315°, 300°, 285°, 270°,
255°, and 240°. After this, they were laminated using a laminator and circles were cut out. The
cut-out circle overlap was left as an instant adhesive allowance. Next, each was rolled up into a

conical shape and fixed with super glue. Finally, two apps were used to measure the angle of a

- 66 -



photo taken horizontally to compare with the theoretical value. One app checks the horizontality

of the iPhone. Another app measures the angle between two lines.

V.

Fig.1 Kent paper with center corner cut out Fig.2 Sample viewed from the side

Experiment

For this experiment, materials such as a saucer, a wood piece (50 mm square), a plastic
bottle, a misting sprayer, military gloves, an electronic balance, tap water, a wire net, a chamois
towel, and a thermometer and hygrometer were utilized.

Initially, the ambient temperature and humidity were measured to set a baseline for the
experiment. Following this, a saucer was placed on the electronic balance, and a piece of wood
was positioned atop it.

The next step involved placing the model on the wood piece. This assembly was weighed,
and the data were recorded in a table. A wire net was positioned to simulate rainfall to hold a
misting sprayer 29.5 cm above the umbrella's top, as illustrated in Figure 2.

Subsequently, the samples were sprayed with approximately 10 g of water using the
misting sprayer. After spraying, each sample, now bearing water, was weighed again. A chamois
towel was used to remove the sample carefully to prevent water from dripping onto the saucer.

The final step of the procedure was to weigh the water collected on the saucer. This

measurement was used to calculate the umbrella’s effectiveness in shedding water.
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Fig.3 Experiment setup Fig.4 View from above Fig.5 View from the side

In this experiment, the water emitted from the misting sprayer was simulated as rain, and
the water used was returned to room temperature. Also, a piece of wood was used to ensure that
there would not be errors in the values. If this were not used, the sample would be placed directly
on the saucer. In this case, the water would be on the bottom of the sample, and it would be
impossible to remove the sample. So, a piece of wood prevents this from happening. In Addition,
since sufficient water was applied to the umbrella, the effect of wind is not considered.

I11. Data Analysis
Making Samples
The angle between the surface of the sample and the vertical axis is called the opening
angle. These calculations of angles are as follows:
* The opening angle = arcsin(6/360)
+ The Amount of Water per unit Surface Area
= M*360/6/r 2*P1
+ The Amount of Water per unit of Horizontal Projection

Area = M/(360/0) 2*pl
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The theoretical values are in the second row, and the measured values are in the third row

of Figure 6. The difference between them is less than 1 degree in each column. So, these were

considered suitable to use in the experiment.

S e . 66.461.0 56.4 52.3 48.6 45.1 41.8
5 o'l 66.4 60.2 56.5 52.6 48.3 4.5 42.5

— el 0 0.8 -0.1-0.3 0.3 0.6 -0.7

Fig.6 Relationship between center angle and opening angle and their errors

Experiment

A total of six experiments were conducted over two days. The temperature and humidity
on the two days did not differ significantly: 25°C:40% on Day 1 and 26°C:37% on Day 2.
Therefore, the results were combined into a box-and-whisker diagram for each angle. The green
color represents the average of Day 1, and the blue color represents the average of Day 2. Orange
represents the total mean, and the orange dotted line represents its approximate line. Figure 7 is
related to the amount of water per unit surface area. Figure 8 shows the amount of water per

horizontal projection area.
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IV. Discussion
As illustrated in Fig. 7, an analysis of the data reveals a notable trend: the amount of water

retained per unit area on the umbrella samples tends to decrease as the opening angles change.
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This decrease in water retention is more pronounced in umbrellas with larger opening angles. A
key factor contributing to this trend is the variation in the speed at which water flows off the
umbrella at different angles. Water accumulation at the umbrella’s rim also played a significant
role in this phenomenon.

Moreover, it was observed that when water from the misting sprayer landed on the
umbrella’s surface, the existing water droplets absorbed the new ones and flowed downwards.
This process was more commonly seen in samples with smaller opening angles. As a result, the
measured values for umbrellas with smaller opening angles showed more variability with each
measurement.

V. Conclusion

From this research, it was thought that the "dew-tip" component on commercial umbrellas
not only stretches the cloth but also plays a role in facilitating water removal. This thought is
because of the phenomenon of water remaining on the edges of the cloth. This phenomenon is
unlikely to occur when using a real umbrella. In addition, the angles suitable for the edges and
those suitable for the vertices were different, and it was thought that combining them would yield
better results.

VI. Future Research

In this experiment, the sample of the umbrella was straight. However, most umbrella
canopies are not straight. So, for future research, if shapes of umbrellas combining two or more
angles or a smooth curved sample are made, it would be possible to compare the results with the
present results. When combining two or more angles, a large angle would be used for the top and
a smaller angle for the edges. In addition, the magnitude of surface tension also depends on the

temperature of the water. Therefore, the next experiment would use water near 0°C, close to the
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rain temperature. After finding the optimal shape, experiments. Which material is best suited for
various materials can be considered. For example, plastic umbrellas are made of cotton and
hemp, and it is possible to consider the difference between a plastic umbrella and a parasol.
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The Relationship between the Shapes of Umbrellas and

the Amount of Raindrops that Remains on the Surface

RITSUMEIKAN

Ritsumeikan High School

Abstract

After it rains, many raindrops often remain on the surface of the umbrella. Moreover, when the umbrella is closed, raindrops fall onto the floor. Currently, there are
ways to prevent this problem, but many commercial facilities in Japan have adopted the use of polyethylene umbrella bags. However, this method is harmful to the
environment because it produces a lot of plastic waste. At the root of this problem is the water that is brought into the building, and the solution to this problem is
to remove as much rainwater as possible from the surface of the umbrella outside of the building. This research does not focus on temporary solutions such as
waterproof umbrellas, but the shape of umbrella which would provide a permanent solution. This research focuses on the opening angle of an umbrella which allows
water to drop more easily to the ground. Typically, the surface of the umbrella is made of polyester. This research made seven samples at different angles made of
laminated film, made of polyester. As a result, as the opening angle of the umbrella decreases, the amount of rainwater per unit area also decreases. Samples were
made at the central angle. But for the range of central angles used in this study, the opening angle calculated from the central angle is an inverse sin function,
and this function can be approximated by a straight line. For future research, the number of experiments will increase, and the material of samples will vary.

Introduction

Results

After it rains, many raindrops often remain on the surface of the umbrella. When
the umbrella is closed, these raindrops fall to the floor. One way to prevent this
problem is by using plastic umbrella bags. However, this produces a lot of waste
and leads to environmental problems. Thus, it can be suggested that changing
the shape of the umbrella could improve its efficiency to remove surface
raindrops more easily. In this research, seven sample umbrellas with different
opening angles were made. Then, a mist was used to imitate rain and the
removal of water was recorded as shown in Fig. 6.

Materials and Methods

Sample making

(Materials)

Kent paper, Compass, Scissors, Protractor, Super glue, Laminator,

Laminating film, Compass cutter, Plastic clay

(Methods)

1) Kent paper was cut into a radius of 6 cm circles by using a compass cutter.

2) (1) were cut as shown in (Fig.1).The central angles were 330°, 315°,
300°, 285°, 270°, 255°, and 240°.

3) (2) was laminated by using a laminator and circles were cut out. During this
time an overlap was left in the cut-out circles as an allowance for instant
adhesive.

4) (3) was rolled up into a conical shape and fixed with super glue.

5) Two apps were used to measure the angle of a photo taken in a horizontal
state to compare with the theoretical value.

it &
A

-

Fig.1 Kent paper with center corner cut out. Fig.2 Sample

Experiment
(Materials)
Saucer, Wood (50 mm square), Plastic bottle, Misting sprayer, Military gloves,
Electronic balance, Tap water, Wire net, Chamois towel,
Thermometer and Hygrometer
(Methods)
1) The temperature and humidity were measured before the experiment.
2) A saucer was placed on the electronic balance and a piece of wood was
placed on top of it.
3) The model was placed on a piece of wood, which was weighed and data was
put in a table.
4) A wire net was used to place a misting sprayer 29.5 cm above the top of the
umbrella as shown in (Fig.2).
5) Samples were sprayed with water (about 10 g) by using a misting sprayer.
6) (5) was weighed and the sample was removed by using a chamois towel to
prevent water from falling onto the saucer.
7) The water on the saucer was weighed and calculated.

i :

Fig.3 Experiment Fig.4 View from above Fig.5 View from side

£ .
=. The opening angle

= arcsine(6/360)

The amount of water per
unit surface area

= M*360/0/r?*P1
The amount of water per unit
horizontal projection area

= M/(360/6) 2*PI

L i ! Al
S ) 330 315 300 285 270 255 240
hoale ) 66.461.0 56.4 52.3 48.6 45.1 41.8
ool 66.4 60.2 56.5 52.6 48.3 4.5 42.5
Numercal 0 0.8 —0.1-0.3 0.3 0.6 —0.7
elationship between center angle and opening angles and their errors.

8: Central angle
M: Average of Amount of Water
r: radius

error(® )

The angle between the surface of sample and vertical axis is called the opening
angle. The theoretical values are in the second row and the measured values are
in the third row of Fig. 6. The difference between them is less than 1 degree in
each column.

s
5
3
£

opening angle openong angle

QO Total average
Fig.8 Graphs related to the amount of water per
unit of horizontal projection area.

@ Average of Daylt @ Average of Day2
Fig.7 Graphs related to the amount of water per
unit of surface area.

This time, a total of six experiments were conducted over two days. The
temperature and humidity on the two days did not differ significantly: 25°C:40% on
the first day and 26°C:37% on the second day. Therefore, the results were
combined into a box-and-whisker diagram for each angle. The green color
represents the average of Day 1, and the blue color represents the average of Day
2. Orange represents the total mean, and the orange dotted line represents its
approximate line. And the left graph is related to the amount of water per unit
surface area. And the right graph shows the amount of water per horizontal
projection area.

Discussion

The amount of water per unit area decreases gradually as the opening angles
change as shown in (Fig.7). The reason for the larger range between the
approximate straight line and the average of the measured values for those with
larger opening angles was the difference in the speed at which water flows at
different angles. Also, the fact that the water was retained at the rim of the
umbrella was a major factor. In addition, when the water that was sprayed from the
misting sprayer fell on the surface of the umbrella, the water that stayed on the
surface was absorbed by other drops and flowed down. This appeared more
frequently for those with smaller opening angles, so the values for those with
smaller opening angles often changed with every measurement.

Conclusions / Future Plan

From this research, it was thought that the “dew-tip” component on commercial
umbrellas not only stretches the cloth, but also plays a role in facilitating water
removal. The reason for this thought is because of the phenomenon of water
remaining on the edges of the cloth. This phenomenon is unlikely to occur when
using a real umbrella. For future research, real plastic umbrellas should be used to
consider the role of dew-tips and use the results to create a model for future
experiments. In this experiment, the sample of the umbrella was straight. However,
most umbrella canopies is not straight. So, if a shape combining two or more
angles or a smooth curved sample is produced, it would be possible to compare the
results with the present results. After finding the optimal shape, experiments should
be conducted with a cotton/hemp blend fiber as used in sunshade umbrellas.
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Optimal Frequency Ratio for Chords

G12 SSG Course
Ritsumeikan High School
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Abstract

This research aims to determine the optimal frequency ratios to enhance chord quality. While equal
temperament, a commonly used tuning method for instruments like the piano, has its merits, it
cannot produce the best-sounding chords. To address this issue, adjusting the intervals is essential
to obtain better-sounding chords. The beauty of chords is closely linked to the least common
multiple (LCM) of their frequency ratios. Through this research, optimal frequency ratios have
been identified for various chord types: Major chords: 4:5:6, Minor chords: 10:12:15, Augmented
chords: 16:20:25, Diminished chords: 5:6:7, and Suspended 4th chords: 6:8:9. Utilizing these
ratios helps musicians create more beautiful chords. For future research, an instrument will be
created to be used on a computer or mobile phone. This instrument will be able to adjust optimal
intervals automatically.

Keywords: frequency ratio, chord quality, least common multiple, interval
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I. Introduction

A chord is a composite sound when three or more notes of different pitches are played
simultaneously. It produces harmony, which sounds better when its frequency ratio is expressed
as a simple integer ratio.

Equal temperament, widely used today, is one octave divided into 12 parts where the ratios
between adjacent notes are equal. Since the intervals are equal, it is possible to play in different
keys. However, it does not produce a beautiful chord sound because the frequency ratios of the
chords cannot be expressed in integer ratios.

Just intonation is an excellent temperament for making beautiful-sounding chords. In just
intonation, the C major chord (C-E-G) sounds beautiful. This is because the frequency ratio is
4:5:6, a simple integer ratio. However, the D minor chord (D-F-A) does not sound good. This is
because the frequency ratio is 27:32:40, which is not a simple integer ratio. It is considered that
more beautiful chords can be played by adjusting the intervals of the D minor chord.

Chords with smaller LCM frequency ratios could sound more beautiful because of the
shorter period of the composite waveforms. In just intonation, the frequency ratio of the C major
chord (C-E-G) is 4:5:6, so its LCM is 60; the frequency ratio of the D minor chord (D-F-A) is
27:32:40, so its LCM is 4320. Therefore, the C major chord with the LCM of 60 is considered
more beautiful than the D minor chord with the LCM of 4320.

Il. Materials and Method

A MacBook Air M1 is used for the experiments.
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I11. Data Analysis
Step 1: Sort Frequency Ratios

The frequency ratios of the triads in Table 1 were set so that the largest value was less than
twice the smallest value within the same octave. The order of LCM was sorted from the smallest
to the largest. Only ratios with the greatest common divisor (GCD) of 1 were listed. Table 1

indicates the triads that fit in one octave which sound better toward the top.

Table.1 Optimal frequency ratio of triads

Frequency ratio LCM GCD
3 4 5 60 1
4 5 6 60 1
10 12 15 60 1
12 15 20 60 1
6 8 9 72 1
8 9 12 72 1

Step 2: Examine Notes from Ratios
The frequency ratio of basic chords was examined to determine which notes were used for
the chord based on the frequency ratio that was obtained in Step 1. For example, the top row of

Table 2 shows that a chord with a frequency ratio of 3:4:5 is composed of the notes C-F-A.
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Table.2 Relation between a frequency ratio and notes

Cioe | % e i E i F ol Cial A lemi®
3 4 5

4 5 6

10 12 15

12 15 20

6 8 9

8 9 12

Step 3: List Components of Chords
The component notes from basic chords were confirmed. Table 3 lists the notes that
compose the basic chords: Major (maj), Minor (min), Augmented (aug), Diminished (dim), and

Suspended 4th (sus4).

Table.3 List of chord types and their component notes

Chord type Component notes
maj C E G
min C Eb G
aug C E G#
dim C Eb Gb
sus4 C F G
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Step 4: Determine Optimal Ratios
The optimal frequency ratio for each chord was determined by considering Step 2 and Step
3. Table 4 lists the optimal frequency ratios for basic chords: Major: 4:5:6, Minor: 10:12:15,

Augmented: 16:20:25, Diminished: 5:6:7, and Suspended 4th: 6:8:9.

Table.4 Optimal frequency ratios for each chord

Chord type Ratio LCM
maj 4:5:6 60
min 10:12:15 60
aug 16:20:25 400
dim 5:6:7 210
sus4 6:8:9 72
IV. Discussion

Mathematically right things are not always right to hear. We might have been already used
to listening to songs that are not right.
V. Conclusion

The least common multiple determined the optimal frequency ratio of basic chords. This
allowed for the adjustment of intervals in the D minor chord and B diminished chord, as they did
not sound optimal in just intonation, ultimately achieving the desired frequency ratio.
V1. Future Research

In future research, the primary goal is to discover an improved method for calculating
frequency ratios. This is crucial because the current method faces challenges when dealing with
numerous ratios and small common multiples. Additionally, the aim is to develop a musical

instrument capable of automatically adjusting to the ideal interval when playing chords. This
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innovation is prompted by the difficulty of manually selecting the correct interval based on the

musical context, and the goal is to simplify this process through automation.
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This research aims to determine the optimal frequency ratios to enhance chord quality. While equal temperament, a commonly used tuning method for instruments like the piano, has its
merits, it cannot produce the best-sounding chords. To address this issue, adjusting the intervals is essential to obtain better-sounding chords. The beauty of chords is closely linked to the
least common multiple (LCM) of their frequency ratios. Through this research, optimal frequency ratios have been identified for various chord types: Major chords: 4:5:6, Minor chords:
10:12:15, Augmented chords: 16:20:25, Diminished chords: 5:6:7, and Suspended 4th chords: 6:8:9. Utilizing these ratios helps musicians create more beautiful chords. For future research, an
instrument will be created to be used on a computer or mobile phone. This instrument will be able to adjust optimal intervals automatically.

Introduction
Chord

A chord is a composite sound when three or more notes of different pitches are played at
the same time. It produces harmony and the harmony is said to sound better when its
frequency ratio is expressed as a simple integer ratio.

Equal Temperament

Equal temperament, which is widely used today, is one octave divided into 12 parts where
the ratios between adjacent notes are equal. Since the intervals are equal, it is possible to
play in different keys. However, it does not produce a beautiful chord sound because the
frequency ratios of the chords cannot be expressed in integer ratios.

Just Intonation

Just intonation is an excellent temperament for making beautiful sounding chords. In just
intonation, the C major chord (C-E-G) sounds beautiful. This is because the frequency ratio
is 4:5:6, which is a simple integer ratio. However, D minor chord (D-F-A) does not sound
good. This is because the frequency ratio is 27:32:40, which is not a simple integer ratio. It is
considered that by adjusting the intervals of the D minor chord, more beautiful chords can
be played.

Beauty of Chords

Chords with smaller LCM of frequency ratios could be considered to sound more beautiful
because of the shorter period of the composite waveforms. In just intonation, the frequency
ratio of the C major chord (C-E-G) is 4:5:6, so its LCM is 60; the frequency ratio of the D
minor chord (D-F-A) is 27:32:40, so its LCM is 4320. Therefore, the C major chord with the
LCM of 60 is considered more beautiful than the D minor chord with the LCM of 4320.

Experiment 1

Aim

To determine the optimal frequency ratio of basic triads.

*Major chord

*Minor chord
+Augmented chord
*Diminished chord
+Suspended 4th chord

Materials
Basic triads on the right were used for Experiment 1:

Step 1: Sort Frequency Ratios

1. The frequency ratios of the triads into
Table 1 was set so that the largest value
was less than twice the smallest value
within the same octave.

2. The order of LCM was sorted from the 60
smallest to the largest. 60

3. Only ratios with the greatest common 60
divisor (GCD) of 1 was listed.

Table 1 indicates the triads that fit in one

octave which sound better toward the top.

Table 1 Optimal frequency ratios of triads

Frequency ratio LCM
60

72
72

Table 2 Relation between a frequency ratio and notes

Step 2: Examine Notes from Ratios c# D# # Gt A#
The frequency ratio of basic chords was ob ®iep B Fieh © ab A b
examined to determine which notes were 4
used for the chord based on the frequency
ratio that was obtained in Step 1.

For example, the top row of Table 2 shows
that a chord with the frequency ratio of

3:4:5 is composed of the notes C-F-A.

5

Steg 3: List Com|gonents of Chords Table 3 List of chord types and its component notes
The component notes from basic chords Chord type
was confirmed. maj E
Table 3 lists the notes compose the basic min Eb
chords: Major (maj), Minor (min),
Augmented (aug), Diminished (dim), and
Suspended 4th (sus4).

Component notes

aug E

dim Eb

E

Stelg 4: Determine 0|gtima| Ratios Table 4 Optimal frequency ratios for each chord
The optimal frequency ratio for each chord | Chord type Ratio Lcm
was determined by considering Step 2 and maj 4:5:6 60
Step 3. 10:12:15 60
Table 4 lists the optimal frequency ratios for 16:20:25 400
basic chords: Major: 4:5:6, Minor: 10:12:15, 5 6.7 210
Augmented: 16:20:25, Diminished: 5:6:7, and S
Suspended 4th: 6:8:9. 6:8:9 72

Experiment 2

Aim

To utilize the optimal frequency ratio for basic chords determined in Experiment 1, the
intervals were adjusted to improve the sound of chords by using just intonation.

The ratio of the intervals in just intonation is as follows:

Table 5 Just intonation intervals

Notes C D E F

Ratio to C n 9/8 5/4

Step 1: Diatonic Chords in C Major Scale

The diatonic chords in the C major scale are the following seven chords shown in Table
6 such as C major, D minor, E minor, F major, G minor, A minor, B diminished. Since
these are the most important chords, these chords had to be able to be played at the
optimal frequency ratio.

Table 6 Diatonic chords and frequency ratios in just intonation

Diatonic chord | Component notes Chord type
C-E-G maj
D-F-A min
E-G-B min
F-A-C maj
G-B-D maj
A-C-E min

B-D-F dim

Actual ratio
4:5:6
27:32:40
10:12:15
4:5:6
4:5:6
10:12:15
45:54:64

Optimal ratio
4:5:6
10:12:15
10:12:15
4:5:6
4:5:6
10:12:15
5:6:7

C major

D minor

E minor

F major

G major

A minor
B diminished

Table 6 shows that two chords, D minor and B diminished, are not optimized. Because
the actual frequency ratio does not match the optimal frequency ratio.

Step 2: Adjust Intervals

Table 7 below lists the notes that compose each diatonic chord and their intervals. For
D minor chord and B diminished chord, the original intervals were adjusted to obtain
the optimal frequency ratio.

Table 7 Notes that compose diatonic chords

D E F G
C major 5/4 3/2
D minor 4/3

E minor 5/4 32 15/8
F major

G major 9/8 312 15/8

A minor
B diminished 9/8

21/16 15/8

When playing the D minor chord, the D note was adjusted from its original ratio of 9/8 to
10/9 to obtain the optimal frequency ratio of 10:12:15; when playing the B diminished
chord, the F note was adjusted from 4/3 to 21/16 to get 5:6:7.

Conclusions / Future Plan

Conclusions

The optimal frequency ratio of basic chords was determined in terms of the least common
multiple. This allowed me to adjust the intervals of the D minor chord and B diminished
chord, which did not sound very good in just intonation, to the optimal frequency ratio.

Euture Plan

The following two things are planned:

1. To find a more accurate method to calculate the frequency ratio because when the least
common multiple of the frequency ratio was small but the number of the ratio was large,
it could not be processed.

. To create an instrument that automatically adjusts to the optimal interval when a chord
is played, since it is difficult to use the optimal interval depending on the situation.
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G12 SSG Course
Ritsumeikan High School
JSSF 2023

January 19, 2024

Abstract

Japan is one of the countries which has problems with teachers being overworked. This aims to
reduce teachers’ burden by instantly taking attendance and visualizing the activity level. In this
research, Different Image Processing was used. It shows the difference between frames in a video.
At the beginning of the class, students were asked to wave their hands, shake their heads, etc, and
ROI, Region of Interest, was set to take attendance. The class consists of 4 phases for 3 hours.
These were compared. Attendance could be taken within 3 minutes. It takes a video for 1 minute
and analyzes it in 2 minutes. The class activity and subjective questionnaires were compared but
didn’t match. It is considered that the reason for this is because students were just watching movies
for the YouTube activity, whereas the others, they were thinking about questions or preparing
presentations. It was possible to help teachers because attendance could be taken, and teachers
could compare the results and use them for the next class. The next planned test will be done in a
class at Ritsumeikan High School.

Keywords: cars, tire grooves, splashed water, pedestrians, sidewalks
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I. Introduction

Japan is one of the countries which have problems with professor's overwork. In 2021,
68.2% of elementary school and 63.3% of middle school teachers in a nationwide survey of
public elementary and middle school teachers said they had wanted to quit teaching in the past
two years. In order to reduce this burden on teachers as much as possible, we will build a system
that automatically checks attendance with the first project and visualizes the level of class
activity with the second project. In this system, teachers take images of the classroom with a
camera previously prepared at the start of class, and the program automatically analyzes the
images. Then, the attendance of students is taken, and the level of activity is visualized. This
system can shorten the five-minute attendance time at the beginning of class, decreasing the
teachers' business workload. In addition, class time can be secured, and classes can be taught
more efficiently. In addition, by visualizing the level of class activity, it will be easier to improve
classes throughout the class. This system will be used at Ritsumeikan Junior and Senior High
Schools and various other school facilities. In the system, the final goal is to easily offer the
information through applications such as smartphones and tablet PCs.
Il. Materials and Method

This study used a technique called the Difference Image Processing (Figure 1). Video has
frames and images have pixels. This technique can represent motion as white and black pixels
(Figure 2) in an image based on the difference in luminance of all pixels from frame to frame. It
is not counted if the difference in pixel-by-pixel luminance value is smaller than the difference in
pixel-by-pixel luminance value in noise. The higher the activity level of the class, the higher the
percentage of white pixels, and vice versa (Figure 3). The experimental subjects were 25

university students. The experiment was conducted in Seminar Room 2, School of Mechanical
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Ritsumeikan University Biwako-Kusatsu Campus, Ritsumeikan University. The difference
image processing was used with an iPhonel3 (version iOS 16.1.1) (Figure 4), a PC (VAIO
Windows 9), and Python as a programming language. The iPhone was set up near the ceiling on
the front wall of the classroom. This is so that all students' faces can be seen on the camera. The
video of the class was analyzed using the Difference Image Processing, and the results were
presented as data consisting of black and white. White pixels detected by the difference image
processing detect areas where objects are moving. In the first project, | asked students to wave
their hands and shake their heads, etc. At the start of the class a-minute video was recorded. ROI
was manually installed on the image previously to identify students in seats (Figure 5), and if the
difference in pixel- by pixel luminance was large in predetermined ROI (Region Of Interest), it
was determined that the student was in attendance. For the analysis method, ROI were set for
each seat, and the difference in luminance within each ROI was calculated. Attendance was
counted if the total percentage of white area was above the threshold value, or the average was

above the threshold value calculated by the following method. (Figure 6).

Different image processing
Id (x' y)= |In(xl.V) - In—l(x' Y)l
x,y . Position coordinates in image
[ : Luminance in the image (0-255)

Fig.1 Different image processing

n n-1

Fig.2 Visual summary of different image processing
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Fig.5 Image with set ROI Fig.6 How to set the threshold

In the second project, Students took part in a spontaneous class and were videotaped doing
so for 3 hours. The amount of student activity varied by class content. There are 4 classes,
(Figure 7) Class A, Class B, Class C and Class D. In class A, students watched a YouTube video
they made. For the rest, Class B, C and D, they delivered presentations. Class B consisted of 4™
year bachelor students. Class C consisted of 1% year master’s students, and class D consisted of
2" year master’s students. The total number of white pixels was the activity amount. If the class
was positive, the ratio of white pixel increases. (Figure 8) The 4 different classes were compared.
Subjects answered the subjective questionnaire after all lectures. The method of questionnaire
was 10 level answer style. The topic was “whether you joined classes subjectively and actively in
each class.” The validity of the class activity level was evaluated by comparing the subjective

questionnaire and the results. The validity of the class activity level was evaluated.
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Fig.8 White count

I11. Results and Discussion

In the first project, Figure 9 shows the attendance or non-attendance. There are 3 graphs in
Figure 9. The top left graph shows the sum of white areas in all frames, and the top right graph
shows the average of white areas in all frames. The orange line is the threshold. In addition, the
bottom graph shows the attendance. If a student was determined as an absent, the value of the
student was 0. If the student was present, it is 1. in both total and average, attendance could be
taken. The student number 2, 8, 11, 14, 20 are determined to be absent because they didn’t
exceed the threshold. (Fig. 9) In the second project, the questionnaire that students answered and
the results by the method were compared in Figure 10. Figure 10 shows the subjective activity
level and the objective activity level. The left graph shows the subjective activity level in each
category. On the other hand, the right graph is the objective activity level in each category. In
both graphs, the blue one is from students watching YouTube videos. The orange one is from
them listening to presentations by 4" year bachelor students. The grey one is from them listening
to presentations by 1% year master’s students. The yellow one is from them listening

presentations by 2" year master’s students. Students answered that class A was the most
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interesting. However, the result shows that class B showed the largest amount of white pixels. In

classes C and D, they almost didn’t move (Figure 10).

Sum of white area in all frames Average of white area in all frames

Attendance

Average of the
percentage of

: ge2 white pixels in
it 1234 8 § 1011 1213141516 1718193021 22232438 36372829 1800 ROI images

Total percentage
of white pixels in

Fig.9 Attendance or non-attendance
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Fig.10 Subjective activity level and objective activity level
In the first project, the movement of present students shows up in the ROI of absent
students. That’s why the value of absents has a little bit. In addition, there is one problem. If
there is a student with blond hair, it’s hard to take attendance. The right image is the original
image, and the left image is the image that uses Different Image Processing. (Figure 11) It
doesn’t show any white pixels. This is because the difference in blond doesn’t have so much

difference to that one in white. Attendance could be taken in a total of 3 minutes for the video
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recording time and programming analysis time. In the second project, the results and the
questionnaire were different. This is because, for the class A activity, students were just
watching movies, whereas for the others, they were thinking about questions or preparing
presentations. Furthermore, not only students, but also teachers were moving. In addition,
presenters were moving forward to do presentations. These affected the results. Students

answered the same value as class B in classes C and D, but the results didn’t show the value.

Fig.11 Original image (L) and difference image processing image (R)

V. Conclusion

In the first project, attendance could be taken by taking video and ROI for each seat within
3 minutes, so it was done instantly. Based on both total and average calculations, five people in
seat numbers 2, 8, 11, 14, and 20 were determined to be absent because they did not exceed the
threshold. This system could help teachers. In the second project, the activity level across
different categories were compared by applying Difference Image Processing to the entire
classroom. After each class, teachers can simply look at the results and use them to plan for the
next class.
V. Future Research

In the first project, this system needs to be improved in how to set the camera so that
everyone’s face can be seen in it. This system will be tested in all elementary, middle, and high

schools in the future. Increased motion and activity, especially from elementary students, is
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expected and will need to be accounted for. To begin with, the next planned test will be done in
a class at Ritsumeikan High School. In the second project, after using the system, teachers will
be asked to complete a survey asking them how they feel its use has affected their classes and for
any other feedback that could be used to improve it. The class activity level was measured for
each category, but it is planned to make a graph chronological order. In this research, students
answered how they concentrated on lectures and how they get interested in them after all of it.
There is a time-lag, so it’s hard to comprehend how students feel. The next plan is going to be to
get data related to the direction of students’ faces and heart rate.
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Japan is one of the countries which has problems with teacher’s being overworked. This aims to reduce teachers’ burden by instantly taking attendance and visualizing the activity level. In this research, Different Image Processing was
used. It shows the difference between frames in a video. At the beginning of the class, students were asked to wave their hands, shake their heads, etc, and ROI, Region Of Interest, was set to take attendance. The class consists of 4
phases for 3 hours. These were compared. Attendance could be taken within 3 minutes. The class activity and the subjective questionnaires were compared, but they did not match. It is considered that the reason for this is because

students were just watching movies for the YouTube activity, whereas for the others, they were thinking about questions or preparing presentations. It was possible to help teachers because attendance could be taken, and teachers can
compare the results and use them for the next class. The next planned test will be done in a class at Ritsumeikan High School.

UCTION ANALYSIS METHOD

Background Japan is one of the countries which has problems with teachers being overworked. In 2021, @ Student Attendance
68.2% of elementary school and 63.3% of middle school teachers in a nationwide survey of public
elementary and middle school teachers said they wanted to quit teaching during the past two

INT

Set ROI for each seat (Fig. 5) and calculated the difference in luminance within each region.
Attendance was counted if the total percentage of white area was above the threshold value or the average

years. was above the threshold value.
Purpose The purpose of this study i.s to !'e_duce the l.)u.rden on teachers by En.stantly taking atten_dance (@ White area = number of white pixels per one frame %100 [%]
Student Attendance) and visualizing the activity level (@ Class Activity Level). The goal is to make number of all pixels per one frame
it easy to improve the class by getting feedback and protect the privacy of the students by not o \/—_2
having to use facial recognition. Threshold=x — M
n
. x;=SUM,AVERAGE
METHOD @ Class Activity Level
Compared the difference in pixel-by-pixel luminance values in each of the four time periods for the entire

classroom.

. . . RESULTS AND DISCUSSIONS
Different image processing

La(x,¥)= [I,(x,y) — In_1(x,y)|
x,y - Position coordinates in image
| © Luminance in the image (0-255)

Theory

@ Student Attendance

“Mhigh activity
low activityJ,

If the difference in pixel-by-pixel luminance value is
smaller than the difference in pixel-by-pixel luminance
value in noise, it is not counted.

x .. The activity level
™ decreases as time
goes on @ n-1

Average of white area in all frames

Fig. 1 Image of class activity Fig. 2 Summary of different image processing Attendance

Measurement Method W

. Average of the
Total percentage :

Subjects : 25 university students @ g
S ercentage of
Location : Seminar Room 2, School of Mechanical of white pixels in L ph. A gl .
Ritsumeikan University Biwako-Kusatsu Campus 1800 ROl images Ui PRSI

Measurement device : One iPhonel2 (Fig. 3)

5 7 8 9 101112131415161718152021222324752627262930 1800 ROI images
Measurement objects : Subjective questionnaire(Visual Analogue Scale),

Seat NO.

Fig. 3 How to fix the camera

Video of the classroom (1920 X 1080 pixels, 30 FPS) H
. L. - . ) N . ig. 7 Attendance or non-attendance
Experimental conditions : Given the predetermined seating arrangement in the high school . .
the region of interest (ROI) in the images was set accordingly. Discussion @
@ Student Attendance ¢ The movement of present students shows up in the ROI of absent students.

« |If there is a person with blond hair, it is hard to take their attendance.
Students were asked to wave their hands, shake their heads, etc. at the start of class and a 1-minute video

was recorded.

@ Class Activity Level

Students took part in a spontaneous class and were video-taped doing so for 3 hours.
The amount of student activity varied by class content.

Class A : The reaction of watching YouTube video :1 4(:‘ year bachel?r students
Class B, C, D : The reaction of watching B4*1, M1*1, M2"V’s 2 © 1 year master’s students
presentation *3 1 2nd year master’s students e

Fig. 8 Image and difference image

@ Class Activity Level
Result @
p N
T . SUBJECTIVE ACTIVITY LEVEL IN EACH CATEGORY OBJECTIVE ACTIVITY LEVEL IN EACH CATEGORY
ig. 4 Overview of measurement flow
. points e W e s Ratio (%) S
Settings " b ;
@ Student Attendance : . : :
] &
The difference in pixel-by-pixel luminance was large in predetermined ROI (Region Of Interest). I
- Counting attendance i
@) Class Activity Level . -
i ROI Settings | Zrneotuonttal number of white pixels was the activity L ~ ;
”” ‘M | ” I ) Fig. 9 Subjective activity level and objective activity level
A
P By

4
= Passive activity Positive activity

mj 3

Discussion 2

For the class A activity, students were just watching movies, whereas for the others, they were

thinking about questions or preparing presentations.

E r - 74 [ Not only students, but also teachers were moving. In addition, presenters were moving forward to
) ) do presentations. These affected the results.

Fig. 5 Image with set ROI Fig. 6 White count

CONCLUSION

(@ student Attendance : Attendance could be taken by taking video and ROI for each seat.
* In both the total and average, five persons in seat numbers 2, 8, 11, 14, and 20 were determined to
be absent because they did not exceed the threshold. .

FUTURE PLAN

(2 Class Activity Level : The activity level could be compared by category by calculating difference image processing
the entire classroom.
After every class, teachers can simply look at the results and use them to plan for the next class.
@ Student Attendance : This system will be tested in all elementary, middle, and high schools in the future. Increased motion and activity, especially from elementary students is expected and will need to be
accounted for. To begin with, the next planned test will be done in a class at Ritsumeikan High School.

® Class Activity Level : After using the system, teachers will be asked to complete a survey asking them how they feel its use has affected their classes and for any other feedback that could be used to
improve it.
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G12 SSG Course
Ritsumeikan High School
JSSF 2023

January 19, 2024

Abstract

This science project analyzed the primary techniques of flute playing, motivated by curiosity about
the recognizable differences between beginner and professional players. It was hypothesized that
the key distinctions lie in the playing techniques and the expression conveyed. Techniques were
categorized into sound production and expression, with the latter assessed by the emotional
resonance of the melody. The study focused on the variation in sound corresponding to different
imagined emotions by the player. By examining how these factors influence the sound and overall
impression, the research aimed to guide beginners toward more efficient practice. Referencing
previous research on the relationship between sound pitch and wave direction in violin playing, a
preliminary experiment on the flute was conducted. It revealed optimal sound projection in the
flute's middle section, with no significant variation in sound pitch direction. Experiment 1
investigated the sound differences between beginner and professional players, identifying the
number and balance of overtones as key differentiators. Experiment 2 explored the relationship
between sound characteristics and four emotions: Happiness, Violent Anger, Grief, and Enjoyment,
noting differences in overtones. This research contributes to understanding how players can make
flute playing more expressive.

Keywords: flute, technique, sound, expressive, pitch, overtone, emotion
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I. Introduction

This research is about the sound of the flute. The purpose is to consider whether the
difference of the sound data can be analyzed physically when we can recognize its difference.
The motive is to understand why one can recognize the difference between professional players'
sound and beginners' sound as a flute player. The main topic of this research is the difference
between professional players and beginner players. Also, the difference in sound data depending
on emotional expression is considered, too. If we could analyze them physically, beginner
players can get some information to be a better player from this research. If the sounds produced
by beginner and professional players could be analyzed physically, valuable information could
be obtained from this research, which could assist beginner players in improving their skills.

Previous research established a reference between the pitch of sound and the direction of
the sound waves heard when a violin was played. A preliminary experiment of the flute was
done, and the sound was heard best from the middle part of the flute. There was no difference in
the direction of the sound pitch. In this experiment, the difference between a professional and a
beginner player could not be revealed, but the result can be utilized for the recording method.
1. Methods
Experiment 1 ~ Difference Between Skilled and Beginner Players ~

This research is about the sound of the flute. The purpose is to consider whether the

difference of the sound data can be analyzed physically when we can recognize its difference.
The motive is to understand why one can recognize the difference between professional players'
sound and beginners' sound as a flute player. The main topic of this research is the difference
between professional players and beginner players. Also, the difference in sound data depending

on emotional expression is considered, too. If we could analyze them physically, beginner
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players can get some information to be a better player from this research. If the sounds produced
by beginner and professional players could be analyzed physically, valuable information could
be obtained from this research, which could assist beginner players in improving their skills.

Previous research shows the relationship between sound pitch and direction of the sound
waves heard when a violin was played was a reference. A preliminary experiment of the flute
was done, and the sound was heard best from the middle part of the flute. There was no
difference in the direction of the sound pitch. The difference between a skilled and a beginner
player could not be revealed in this experiment, but the result can be utilized and analyzed. This
research enables players to play the flute more expressively.
Experiment 2 ~ Expressing Emotions ~

The analysis focused on understanding how the expression of emotions affects sound
quality. Initially, the player conveyed four emotions: Happiness, Violent Anger, Grief, and
Enjoyment, and these expressions were measured using WaveSpectra. The sound in a normal,
unemotional state was also compared. Subsequently, the characteristics of each emotional

expression were analyzed and compared, with particular attention to the overtones.
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I11. Results and Discussion

Experiment 1

Fig.1 High tone of the skilled player

Fig.4 Low tone of the beginner player
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Two features were identified as the key differences between the skilled player and the
beginner player: the number and the balance of overtones.

The number of overtones was larger in the data of the skilled player. In the data of the high
tone of the skilled player (Fig. 1), the higher overtones are much clearer than in the data of the
beginner player. In the data of the beginner player, the tone that should be an overtone is
included in the noise. This feature is more remarkable in the data of low tone (Fig. 3, Fig. 4). The
data of the beginner player has many lower overtones, but the number of higher overtones was
very small. These tones were hard to recognize because they are similar to noises. It can be
thought that these tones made the original sound unclear.

The second feature concerned the balance of overtones. In the skilled player's data, the
volume of overtones decreased as they got higher. For high tones, the skilled player's data
approximated a linear curve, while for low tones, with more overtones present, the curve
resembled a logarithmic line. In contrast, the beginner's data (represented by orange dots)
showed fluctuating patterns, suggesting a smoother line for the skilled player's data.

This finding could be instrumental in guiding beginners to improve their playing.
However, this study was limited to just two players. Further data collection from additional

players is necessary to substantiate these results.
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Additionally, it's generally believed that low tones are more challenging for beginners to
play beautifully, which this research supports by showing that low tones have more overtones.
Conversely, for skilled players, high tones are more challenging. This is evident in the data,
where the volume gap between the keynote and its next overtone is larger, particularly in high
tones, suggesting that skilled players can better emphasize the keynote, which is more
challenging in high tones.

Experiment 2

Fig.9 Violent anger

-112 -



Fig.11 Enjoyment

The second experiment measured the sound for four emotions: Happiness, Violent Anger,
Grief, and Enjoyment. To facilitate comparison, the sound in a normal state was also measured.
The overtones for each emotion were compared, but no significant differences were found. This
might be because more than expressing different emotions through only one tone is required,
given the importance of melody.

The emotions were classified into positive and negative categories. Happiness and
Enjoyment are positive, while Violent Anger and Grief are negative. Although Happiness and
Enjoyment were compared, no significant differences were found, indicating a need for further
research into positive emotions. It was hypothesized that the definitions of these emotions were
not clear enough.

However, some differences were observed in the comparison of negative emotions. In the

Violent Anger data, the overtones around the larger ones were pronounced, and the line was
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thick, indicating some noise. This noise could be interpreted as expressing the roughness of the
emotion. Generally, wind instrument players express anger by exhaling forcefully, and this result
is consistent with that technique. In contrast, the higher overtones were much clearer in the Grief
data than in Violent Anger. This might indicate that the player controlled their breath more
delicately to express Grief, possibly because Violent Anger is extroverted while Grief is
introverted. The study concluded that the data for each emotion depends on the emotional
direction.

V. Conclusion

From this research, it can be concluded that physical analysis of flute sound is indeed
possible. A key finding is that the balance and number of overtones vary significantly based on
the player's skill level and emotional expression.

In Experiment 1, two primary differences between skilled and beginner players were
identified: the balance and the number of overtones. The skilled player's graph displayed a
smoother approximate curve than the beginner's. Additionally, the sound produced by the skilled
player contained more overtones.

Experiment 2 revealed variations in sound related to emotional expression. Differences
were noted in the amount of noise and the clarity of overtones. It is inferred that the direction of
the expressed emotion influences these variations.

V. Future Research

First and foremost, further experiments should involve more players. Since this research
was conducted with only two players, obtaining more varied data is essential to validate our
hypothesis. Additionally, other factors influencing sound differences need to be explored. While

this study focused on overtones, other elements likely contribute to sound variation. In particular,
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the balance of overtones may reveal additional characteristics. For instance, the approximate
curve of high tones for the skilled player was a simple linear line in this study, but it might be
logarithmic in the data of more skilled players. Creating a good approximate curve is more
challenging in high tones, possibly following a logarithmic pattern, which should be
investigated.

Furthermore, studying the sound of other musical instruments would be beneficial for a
broader understanding. Research on emotional expression in music is a complex and somewhat
vague field, necessitating a deeper dive into existing literature. This study did not discern a clear
difference between Happiness and Enjoyment, indicating a need for more profound knowledge
better to understand the relationship between emotional expression and sound data.
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Abstract

This science project analyzed the main techniques of playing the flute. The motive was that we wondered why we can recognize the difference between beginner and professional players. It is hypothesized
that the main techniques of how the flute is played and the expression make us recognize the difference. The main techniques of flute playing were categorized by making sound and expression. Expression is
determined by how the emotion is felt from the melody. We decided to research about the difference of the sound that the player imagined about each emotion. Also, vibrato is very important to express. By
revealing how these factors change the sound and impression, beginners can be more efficient player.Previous research shows the relationship between sound pitch and direction of the soundwaves heard
when a violin was played was a reference. A preliminary experiment of the flute was done, and the sound was heard the best from the middle part of the flute. There was no difference in the direction of
sound pitch. In experiment 1, we researched about the relationship between sound data and emotions. Emotions were divided to four emotions:Happiness, Violent anger, Grief and Enjoyment. There were
some differences in overtone. In experiment 2, the difference between beginner and professional player sound was researched. The number of overtones was the difference. This research enables players to

play the flute more expressively.

Introduction

Methods

This research is about sound of flute. The difference of data of sound depends on the emotional
expression played by the musician. This research looks at the logical reason why we can feel the
emotion from music. Also, we can find ways to play the music more expressively.

Previous research shows the relationship between sound pitch and direction of the soundwaves heard
when a violin was played was reference. A preliminary experiment of the flute was done, and the
sound was heard best from the middle part of the flute. There was no difference in the direction of
sound pitch. In this experiment, the difference between a professional and beginner player could not
be revealed, but the result can be utilized and analyzed. This research enables players to play the flute
more expressively.

Experiment 1

Results
The expression technique was experimented by only one tone.

Keynote
- Overtone

% Vertical axis: dB
Horizontal axis: kHz

Fig. 3 Violent Anger

Fig. 4 Grief

Fig. 5 Enjoyment

Fig. 2 ~ 5 are the data of sound: Normal, Happiness, Violent Anger, Grief, and Enjoyment.

We can see many overtones when the sound is expressed with emotion.

In Table 1, the overtones were compared only in each emotion. Table 2 is the information from a
previous research. Table 3 and Table 4 are the comparison of the data on each side, negative and

positive. Table 1. Relationship between each emotion and overtones

A (884Hz) | C#(1112) E (1322) A(1768) | C#(2225) E (2645) A (3536) C# (4450) E (5290) A (7056)
Normal - A o A o o) 6} y
Happiness R A O A o A A A
Violent Anger - A [¢] A @) O (@] © : —20~40 dB
Grief - A o A ©) A A A QO : —40~60 dB
Enjoyment E N ) N o O N A A A -60~80 dB
Table 2. Characteristic of each overtone Table 3. Comparison of positive emotion
A (1768 Hz) | Brightness Brightness | Thickness | Hardness Fullness | Sharpness
. Ha QO ) @)
E (2645) | Thickness g - -
A (3536 Hardness - N . .
__AGS536) | Hardness Table 4. Comparison of negative emotion
__C#(4450) | Fullness Brightness | Thickness | Hardness Fullness | Sharpness
E (5290) Sharpness Violent Anger’
H : Grief
Discussion e

First, we compared the overtones in each emotion. However, we could not find any big difference
from the data (Table 1). Since the melody is very important, only one tone is not enough to express
different emotions. We classified the emotions into negative and positive to find the difference in
more detail. We compared the two emotions on each side, negative and positive. In the previous
research, it is said that each overtone has a certain characteristic (Table 2). The relative result is Table
3 and Table 4. Happiness and Enjoyment were compared. However, this is not a big difference, so we
have to research more about the positive emotions. We hypothesized that the definitions of the words
were not clear. Violent anger and Grief were also compared. The characteristics of negative emotions
were clear. In the data of Violent Anger, the tones around big overtones were big and the line was
thick. This means that there was some noise. This can be thought that the noises express its
roughness. The noises made the sound complicated and heavy. On the other hand, in the data of
Grief, higher overtones were much clearer than those of Violent Anger. This result can be thought the
player tried to control the breath by exhaling sharply to express Grief. We thought that is because
Violent anger is extroverted and Grief is introverted.

1. Measured the sound A (884 Hz) of the flute with WaveSpectra. The waveform and overtone was
recorded.
+ Experiment 1

Measured the sound with four emotions: Happiness, Violent Anger, Grief, Enjoyment.
+ Experiment 2

Measured the sound with two people: a skilled player (7 years) and a beginner player (one week).
2. Analyzed the relationship of data.

Experiment 2

Results

Fig. 6 High tone of skilled player Fig. 7 High tone of beginner player

Fig. 8 Low tone of skilled player Fig. 9 Low tone of beginner player

Table 5. The biggest overtones of high tone
E | G | H | E

s1s1 | |

ol | |

| Git | H | D
3731 | 07 | 18 | 234
609 | 232 | [ 1206

skilled | 100 | [
Beginner | 100 | [

6542 |
an |

Table 6. The biggest overtones of low tone
H | E | 6 | v | p | E | G | v | p | E | F | Gt | H
| 7043 | | | 5208 | se6 | 4266 | 3696 | 2238 | 1402 | 6637 | 4442
4988 | 9668 | 3726 | [ 460 | 7699 | seos | aszs | 2ssa | o302 | |
Number : % (dB)

7255 |

83.07

|
Skilled | [ 100 |
[Beginner| 5375 | 100 |

In Table 5, 6, Fig. 10 and
" 11, the volume of the
overtones is displayed as
4 the percentage when we let
T the volume of the keynote
+—* ' be 100.

200 s000 6000

?
o
E H

20 Key |
tone}

1000 00 00 00 000 000 7000 000 00D

® ik bi icar(skid)

Fig. 10 High tone
Discussion
We found two features, the number and the balance of the overtones in the data of the skilled player.
The number of overtones were larger in the data of the skilled player. As you can see from Fig. 6~9,
the higher overtones are much clearer in the data of the skilled player. In the data of the beginner
player, the tones that should be an overtone are included in noise. In the data of low tone, these
features are more remarkable. The data of the beginner player has many lower overtones, but the
number of higher overtones were very small. The lower tones are hard to recognize because they are
similar to noises. Also, so many tones other than overtones can be seen in the data. We thought that
these tones made the original sound unclear.
The second feature is the balance. In the data of the skilled player, the higher the overtones become,
the smaller its volume gets. However, the volume of overtones of the beginner player fluctuated. Fig.
10, 11 shows the result intelligibly. In Fig.10 (high tone), the approximate curve of the skilled player
was linear. In Fig. 11 (low tone), there were more overtones so the approximate curve does not
become simple linear. It became a logarithm. There is a possibility that the skilled player’s overtones
are on a smoother logarithm. The data of low tone also shows clearer results about this feature. This
is a new discovery. By using this feature, the beginner player can get information to become a better
player. However, we did an experiment with only two players this time. So we have to collect other
player’s data to support this result.

Fig. 11 Low tone

Conclusions / Future Plan

In conclusion, the balance and number of overtones were the biggest difference depending on
emotions and skills. We learned the fact that tone color and expression is affected by overtone. As
our future plan, we have to find other factors. We researched only about overtones this time, but there
must be other factors. Also, the research about the sound of other instruments should be done.
Moreover, the research about emotions is very deep and the topic is vague, so we have to learn more
about previous research.
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Abstract

Spectral analysis of light can provide much information about the light source. In particular, by analyzing
the absorption spectrum, it is possible to obtain information about the elements of the light source or its
surroundings. The purpose of this study is to analyze the composition of the surface of an astronomical
object by comparing and analyzing the spectrum of sunlight and light from planets or satellites, which are
solar reflections. Since the light from astronomical objects is a reflection of sunlight, it can be thought that
the spectrum will not differ from that of the sun. However, the initial prediction was that different spectra
would emerge due to factors such as the composition of the surface or the atmospheric conditions. Through
this research, there is anticipation of obtaining results that could potentially be employed to analyze the
surface composition of celestial objects using only a telescope and spectrometer, eliminating and analysis
for direct collection and analysis of rock samples from these objects. In this study, first, after obtaining the
spectrum of the moon and the planets of the solar system, the known spectrum of Vega and the quantum
efficiency information of the spectrometer will not be used to obtain the real spectrum with the influence
of substances other than the original sun spectrum and the of the astronomical objects such as earth’s
atmosphere removed. Then, through a comparative analysis of this spectrum and the real spectrum of the
sun, a process of predicting the components of the surface of the astronomical object can be conducted.

Keywords: spectral analysis, absorption spectrum, astronomical objects, VVega, atmosphere
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I. Introduction

This collaborative research project with the Korea Science Academy of KAIST (KSA)
compares the spectrum of the Sun and the Luna and analyzes the differences. The KSA team
used Vega's spectrum to obtain and analyze Saturn's spectrum. A spectrum is a record of the
intensity distribution for each wavelength of electromagnetic waves obtained by passing light
through a spectroscope. In physics, a rainbow-like color band is created when light is passed
through a spectroscope such as a prism, because the refractive index differs depending on the

wavelength of the light component — arranged in order of wavelength.
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0
350 400 450 500 550 600 650 700 750 800 850 900
Wavelength (nanometers)

Fig.1 Spectrum of sunlight (Ref.1) Fig.2 Absorption spectrum

Broadly speaking, it is the decomposition of a certain composition, and the components are
arranged by size. By looking at the spectrum, it can see briefly what kind of wavelength each
light has. The absorption spectrum is a graph showing how much light of each wavelength is
absorbed by a substance. If light comprising a continuous spectrum passes through a cool, low-

density gas, the result will be an absorption spectrum.
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Il. Materials and Method
An Astronomical telescope (NISHIMURA FACTORY, Cassegrain type, Caliber 3000mm)
was used to observe astronomical objects. Optic fibers and the spectrometer Flame-S of Ocean

View were used to quantify the obtained light. A computer was used to make the graph of

collected data in Excel.

Fig.3 FLAME-S Fig.4 Optic fibers Fig.5 OtO spectrometer

First, weather forecasts were used to find days with suitable conditions. The day used for
observation needed to have proper humidity and be cloudless. That’s because collected data will
absorb some noises from the surrounding environment.

Second, the spectrum of the sun and Luna were observed on suitable days. Third, data was
compiled in Excel, and graphs were created for the different spectrums. Finally, the differences
between the two spectrums of the Sun and Luna were analyzed.

I11. Data Analysis

In our experiment, the spectrometer couldn’t get the wavelength range of more than 1000
nm in detail. So, we tried to get the feature in the range of visible light and focused on the color.

The sun and luna spectrums were viewed on different days. Figure 6 shows spectrum of the
sun, while Figure 7 shows spectrum of Luna. From these results, we can see different shapes.
Some absorption points are the same in places. As shown in Figure 8, Luna’s spectrum is smaller

than the sun's spectrum.
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Fig.6 Sun spectrum data acquired on October 23, 2023, around 13:00 at Ritsumeikan High School

(no clouds, good humidity)
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Fig.8 Graph showing the spectrum data from the sun and Luna

IV. Discussion
Wavelengths of 400 nm to 500 nm

It is thought the lights that come from Luna to the earth absorbed the wavelengths in the
range of 400 nm to 500 nm due to the plagioclase that exists on the surface of Luna. That’s
because the original color of Plagioclase is dark gray to grayish blue. (The blue color is absorbed

around the wavelength in the range of 430 nm to 490 nm.)
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Fig.9 Wavelengths of 400 nm to 500 nm

Wavelengths of Around 600 nm
This part of the spectrum data is thought to have been influenced by the presence of basalt

on the surface of Luna. Pure basalt is black in color. However, when basalt is oxidized, it
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changes from black to reddish brown. The reddish-brown color is similar to orange, which
absorbs wavelengths between 590 nm and 640 nm. This demonstrates oxygen is present on Luna,

although not as much as on Earth. It is thought that the basalt has been oxidized for a long time.

Fig.10 Wavelengths of around 600 nm

Although it is thought that there is oxidized basalt as an explanation for Figure 10, it seems
that both oxidized and non-oxidized basalt are present on the Lunar surface. Also, the spectra
were not observed on the same day, so the two experiments were not performed under the same
conditions. This result may have also been affected by air pollution and other factors.

V. Conclusion

This research has shown that it is possible to analyze the composition of the atmosphere
and surface by comparing the spectra of the sun and moon taken with telescopes and
spectrographs. It was found that that the absorption line between 400 nm and 500 nm was
because of plagioclase, and the 600 nm absorption line was due to oxidized basalt. In conclusion,
we tried to use school equipment to study the atmosphere's composition on the Moon's surface.
This experiment showed that using spectroscopy makes it possible to recognize the components
that make up extraterrestrial bodies with simple equipment.

V1. References
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Abstract

Last year's experiments suggested that the new type of artificial reef that was devised was more effective than
the old type. However, since problems for practical application remained, it was decided to conduct the study
considering the marine ecosystem, production cost, etc. 108 holes were drilled in a plastic artificial reef created
by a 3D printer and attached water plant models created with lily tape in three patterns: 100%, 50%, and 0% of
the number of holes. The model water plants were attached to the reef in three patterns: 100%, 50%, and 0% of
the holes. Six patterns of the old and new models were made and submerged in a 90 cm tank, and the area of
sand erosion by waves was measured. The results showed that the larger the surface area of the water plants, the
more the erosion area was affected. Next, we measured the increase or decrease in energy from waveforms
before and after waves passed through the concrete artificial reef by varying the top water depth, wave height,
number of protrusions, and wave height. When top water depth and wave height were varied, wave waveform
interference with the artificial reef was greatly reduced, but energy amplification was observed at some wave
heights. When the number and placement of protrusions and wave height were varied, the effect depended on
the number of protrusions, and the upper limit of attenuation was found to be about 70% under all conditions. It
is necessary to devise a way to create depressions in the protrusions to release the energy. Finally, water plants
were found to be effective in attenuating waves, but it is necessary to confirm whether they can grow on concrete,
the material of the artificial reef. Also, since we measured the instantaneous energy in this study, we need to
measure the continuous wave energy.

Keywords: artificial reef, marine ecosystem, water plants, erosion area, wave height
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I. Introduction

In the past 15 years, sandy beaches in the Japanese archipelago have lost about 13% of
their area to coastal erosion. The government has been promoting the construction of
breakwaters as a countermeasure. There are several types of breakwaters, including detached
breakwaters higher than the water surface, tetrapods, and artificial reefs. An artificial reef is a
structure built under the water's surface that mimics the wave-canceling function of a coral reef
and is expected to reduce coastal erosion. The advantages of artificial reefs over other
breakwaters are clear. However, when we looked up articles on artificial reefs, we found that
there were few descriptions of the shape of artificial reefs, only those related to the depth and
distance of the top edge. Therefore, we began research on artificial reefs to devise a new shape.

In the previous year's research, we had studied the general shape of the previous model.
The new model was designed to mimic the shape of sound-absorbing material, and the results
suggested that the new model was more effective. However, installing an artificial reef itself
harms the marine ecosystem, and the manufacturing cost is high. If these problems can be

solved, the new model of artificial reefs will be closer to practical application and will be a more

effective solution to the problem of beach erosion.

-135-



Il. Materials and Method
2.1 Influence of Water Plant Attachment on Erosion

We measured the area of erosion caused by waves by making 108 holes at equal intervals
in the old and new types of artificial reefs made by a 3D printer and attaching a model of water
plants made by tinned tape to each hole, as if the reefs were covered with water plants.

Because we wanted to compare the difference not only by the presence of water plants but
also by the number of water plants, we installed 108 (100%), 54 (50%), and 0 (0%) water plants
models in three different patterns, and conducted the experiment using both the old and new
models, thus measuring the erosion area of sand in a total of six artificial reef patterns and

comparing their effects. The experimental method was to place sand in an aquarium tank.

Fig.3 New type artificial reef with water plants models attached

2.2 Attenuation Rate of Wave Energy

For this experiment, we were allowed to use the experimental facilities of the Faculty of
Science and Engineering, Ritsumeikan University, and measured wave heights using a wave
generator that can generate regular waves in the facility. If the density of water and the
acceleration of gravity are regarded as constants, the energy per unit area of the wave is

proportional to the square of the wave height.
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Using this equation, we determined what percentage the energy of the wave before passing
through the artificial reef decreased after passing through, which we defined as the attenuation
rate, and compared the data.

In this experiment, a concrete model of the new artificial reef was used because it was
difficult to create a model of the new artificial reef using a 3D printer. The model of the artificial
reef was made by dividing it into a base part and a projection part. For the projection part, a mold

was prepared by molding a clear file into a funnel shape, and concrete was poured into the mold.

m— Dircction water travels {5 '.“ “( ’m

........... - Water density plke/m®]
. Gravitational acceleration glm/s?]

Crast water depth Wave height # [m1 =,,., ¥

Wave energy E= lpgﬂz [1/m?]
8 J

per unit area |

/ Upper part of artificial reef \

. What percentage of the energy before passing through the artificial
07 )uus
[ALLH nuation(%) reef is reduced after passing through the reef ]

Fig.4 Formula for finding the energy of a wave Fig.5 Overall view of artificial reef

2.2.1 Variation of Wave Height and Attenuation Rate with Depth of Water at Top Edge

The distance between the top of the artificial reef and the bottom of the water surface is
defined as the top water depth, which is defined as 1.0 cm, 2.0 cm, and waves with heights of 2.0
cm, 3.0 cm, and 4.0 cm were generated by the wave generator, and the wave heights before and

after passing through the artificial reef were measured.
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2.2.2 Calculation of Wave Height Variation and Attenuation Rate by the Number and

Arrangement of Protrusions

Waves of 2.0 cm, 3.0 cm, and 4.0 cm in height were
generated by the wave generator, and the wave heights before

and after passing through the artificial reef were measured.

' 2 The patterns of protrusions were 176 in number (100%),
Topwater depth P P ( 2

104 in number (59%) in zigzag and vertical arrangement, and

a

e N/ P 88 in number (50%) in zigzag arrangement, for a total of 4

ag ’
Ll e e aTe e s S d e

M TS BN T o B

: patterns.
Fig.6 Topwater depth
I11. Data Analysis
3.1 Effect of Water Plant Cover on Erosion

It was found that the larger the percentage cover of water plants attached to the artificial
reef, the smaller the erosion area. The mean erosion area from six experiments was graphed and
compared using the T-test, and it was found that in the case of the new model, there was a large
difference when comparing 100% water plants to 50% water plants and 100% water plants to 0%
water plants. In the case of the old model, it was found that there was a difference when 100%
water plants and 0% water plants were compared.
3.2 Relationship Between Topwater Depth and Attenuation Rate

Table 1 shows the results of varying the top water depth. Red indicates attenuation, and
blue indicates amplification. This table shows that the new artificial reef has the greatest effect

on the attenuation rate at depths that interfere with wave height. However, it was found that the
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energy of the new artificial reef increased within a certain range where it did not interfere with
wave height.

As the cause of the energy increase, we can consider that the relationship between the
shape of the artificial reef, the top water depth, and the wave height may be important. In
particular, the trapezoidal shape of the artificial reef may have allowed some of the wave energy
to escape to the upper side of the reef when waves interfered with it, rather than to the opposite

side of the direction of wave travel.

Table.1 Function of topwater depth

ERrE

e 70 | 50 | 30 | 20 | 10
20 | 9.8% | 0% | —44% | —56% | 44%
30 | 0% | -21% | -78%| 0% | 56%
40 | —5.1%| —27% | —10% | 64% | 70%

3.3 Relationship between the Number and Arrangement of Protrusions and Attenuation Rate

Experiments were conducted by changing the number and arrangement of protrusions on
the new artificial reef. The results showed no significant change depending on the arrangement;
basically, the attenuation rate changed significantly depending on the number of protrusions.
However, when the number of protrusions was 176 (100%) and 104 (59%), it was found that the
attenuation rate stopped at a maximum of nearly 70% in both cases, despite the large difference
in the number of protrusions.

If the maximum attenuation rate is 70%, we thought that there might be a shape in which
the number of protrusions is reduced after securing an area in which water plants can grow
sufficiently. If so, construction costs and other costs might be reduced compared to when the

number of protrusions is 100%.
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Table.2 Change in placement

g @ 104 (59%) |104 (59%) | 88 (50%)
i e [ (100%) | ™" rap 827 SUFY

2.0 44% - 10% 0% —-21%

3.0 56% 41% 36% 19%

4.0 70% 72% 67% 58% Zigzag Vertical line
V. Discussion

Since the erosion area decreases with the percentage cover of water plants attached to the
artificial reef, it can be said that the attachment does not impair the effect of the new type of
artificial reef. The fact that the wave energy increases within a certain range without interfering
with wave height suggests that the shape of the new artificial reef is not effective under all
conditions but that the direction of the wave force may be lifted upward. The energy may be
amplified depending on the depth at the top edge of the reef. Furthermore, the fact that the
attenuation rate of the new artificial reef is only about 70% despite the large difference in the
number and arrangement of the protrusions suggests that the upper limit of the attenuation rate
by the new artificial reef may be about 70% and that the most effective arrangement of the
protrusions may exist.

V. Conclusion

Although it was found that the growth of water plants on the artificial reef is effective in
attenuating wave energy, it has not been confirmed whether water plants can grow on concrete,
the material used for the artificial reef. Therefore, it is necessary to try growing water plants on
concrete in an aquarium with frequent water changes, assuming the actual circulation of ocean

currents, given the hard and alkaline nature of concrete water. In addition, since we obtained
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instantaneous wave energy this time, we would like to measure the period to obtain the
continuous wave energy next time. Then, considering the possibility that the upper limit of the
attenuation rate by the new artificial reef is about 70%, we would like to experiment to find the
optimal arrangement and number of reefs.
V1. Future Research

Although it has been found that the energy attenuation of the artificial reef is not affected
by the attachment of water plants to the artificial reef, it has not been confirmed whether water
plants can grow on concrete, which is the material of the artificial reef. Therefore, it is necessary
to confirm whether water weeds can grow on concrete by planting them in the actual
environment as much as possible. In addition, since we compared the energy of habitual waves
using the formula for determining the energy of waves this time, we would like to use the
formula for determining the energy of continuous waves next time and compare the results. In
addition, we would like to investigate whether or not the reef is effective against tsunamis, and if
so, how much effect it has, taking into consideration the fact that it is placed in an area where
tsunamis occur. Finally, we would like to find the optimal arrangement and number of artificial
reefs, taking into account the conditions for growing water plants and the cost of construction,
and devise the most effective shape of artificial reefs, and conduct experiments by placing them
in the actual sea.
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Abstract

We are investigating artificial reefs that can effectively shape and protect marine ecosystems. An artificial reef is a type of breakwater; a measure designed to control
coastal erosion. Breakwaters that are constructed under the surface of the water and have the effect of dissipating waves are called artificial reefs. Prior research
suggested that artificial reefs with new shapes were effective in controlling beach erosion. Our current efforts are concentrated on two aspects. Firstly, creating new
underwater habitats for organisms by growing waterweeds on artificial reefs, studying the influence of the presence of waterweeds on wave dissipation and reducing
the burden on the marine ecosystem from the installation of artificial reefs. Secondly, dividing the wave amplitude into stages using a wave generator device,
and examining the rate of reduction in wave energy passing over the artificial reef. The performance of the invented artificial reef will be evaluated by comparing the
difference between the invented artificial reef and a conventional artificial reef to confirm whether the effect is superior in all locations, including areas where high
waves caused by typhoons are less likely to occur and areas where waves are calm. The final goal is to optimize the newly designed artificial reef for various coasts.

In the last 15 years, Japan's sandy beaches have lost about 13% of their total
area to coastal erosion. The government has been promoting the construction
of breakwaters as a countermeasure. We are conducting research on artificial
reefs, which are structures built under the surface of the water that mimic the
function of coral reefs to dissipate waves.

Introduction Experiment 2

Pre-Experiment

In a pre-experiment, the performance of an older artificial reef with a common
shape and a new type artificial reef that mimics the shape of sound-absorbing
material were compared looking at how much each controlled beach erosion.

LEGO

T
Artificial reef
ruticiatree Mindstorms

Fig. 2 Model of the new type

Fig. 1 Model of the conventional type Fig. 3 Experimental conditions

Method .

1. Sand was placed in the tank’s angle of repose. .

2. Water was put into the water tank. :

3. A wave-making machine made from LEGO 3
Mindstroms, was placed above the water tank. -

4. 35 seconds of video was taken.

. The area was measured using Image].

6. Steps 1~5 were repeated 6 times.

[&)]

Flg. 4 Result of erosion area

Results suggest that the new type artificial reef was the most effective.

[ New type > conventional type > none ]

Aim

To study the change in the effect on shoreline erosion when models of water
plants are attached to an artificial reef.

Materials

water, water tank (900 mm X 250 mm X 300 mm), LEGO Mindstorms, Sand,

Fig. 5 A conventional type (with water plant models)
Method

108 holes were drilled in each of the two artificial reefs. Holes were 2 cm apart.
Three tests were conducted with the new type and convention type artificial reef
models. In the first test, water plant models were placed in 100% of the holes
(108 holes). In the second test, water plant models were placed evenly in 50% of
the holes (54 holes). And in the last test, no plant models were placed. The
results were measured in the same way as in the pre-experiment.

Fig. 6 A new type (with water plant models) Fig. 7 Experimental conditions (with water plant models)

Result

The results showed that the greater
the number of water plants
attached to the artificial reef, the
smaller the eroded area. Attaching ’ }
water plants was not found to effect '

of the efficiency of the new type of
artificial reef.

J

_—
—

Erosionarea (crf)

o

water plant 100
“P<00s

“*p<o01

water plant 50
New M Conventional

water plant 0

Fig. 8 Resultof erosion area (with water plants models)
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Aim
To compare the change in wave height when
changes are made to the:
(1) depth of the water above the artificial reef
(2) number and placement of protrusions

Materials

water, wave tank, concrete artificial reef, brick

Method

1. The concrete artificial reef was placed in the tank

2. Wave heights were adjusted to 2 cm, 3 cm, and 4 cm before passing
through the artificial reef.

3. The heights of the waves were measured after they passed through the
artificial reef.

Fig. 9 Concrete artificial reef

Experiment 2-1
» Steps 1 to 3 were performed as above, setting the depth at the top of the
reef to 7 cm, 5 cm, 3 cm, 2 cm, and 1 cm.

Experiment 2-2
» Steps 1 to 3 were performed as above with 4 different patterns of the
number and arrangement of protrusions on the artificial reef.

The comparison method applies this formula for energy per unit area.

[kg/m3]
Result

1 7 . P : water density
E = ZpgH?*[J/m?] g [m/s?]
8 H[m]
Table 1 Attenuation rate with change in top water depth

: gravitational acceleration
: wave height

‘Table 2 Attenuation rate with change in number and arrangement

70 | 50 | 30 | 20 | 10 [176(100%)] 104(59%) | 104(59%) | 88(50%)

Ziguag  |Vertical line|  Zigzag

2.0 | 98% | 0% |—44%|—56%| 44% 2.0 4% | —10% | 0% | —21%
3.0 0% |—21%|—78%| 0% | 56% 3.0 56% 41% 36% 19% -

4.0 |=5.1%|—27%|—10%| 64% | 70% 4.0 70% 72% 67% 58%

Experiment 2-1
Attenuation rates increased when the artificial reef interfered with wave heights.
In addition, wave energy was amplified under certain conditions.

€ [%] : attenuation rate

1—E X 100=
(1= ) x 100=¢

Experiment 2-2

The attenuation rate was highly dependent on the number of protrusions. If the
number of protrusions is the same, there is no change due to the different
placement of the protrusions. Furthermore, the attenuation rate of the new
model's artificial reef may be limited to 70%.

Conclusions / Future Plan

Future experiments will first verify whether water
plants can grow on concrete in this experiment. In
addition, future experiments will elucidate why the
energy of waves passing through the artificial reef
increase in certain case due to changes in top and water
depth. Then, the number and placement of the most
suitable number of pieces for cost reduction will be
verified.
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Fig.10 Concrete with water plants attached
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