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Electrical signals in mushrooms
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ABSTRACT

A university research group has discovered findings that show for the first time that electrical activity is altered and

maintained in wild mushrooms after rainfall. Then, we decided to proceed with exploratory activities on the

relationship between electrical signals and external stimuli in mushrooms. Various external stimuli were applied in

terms of whether they were contact stimuli or not, and the changes in potential differences between mushrooms were

recorded numerically. As a result, it was found that the way in which the potential difference between the mushrooms

changed depended on the type of stimulus. Therefore, there is a relationship between the type of environmental change

and the electrical signals of the mushrooms, and we hypothesized that the mushrooms change their electrical signals in

response to the way the environment changes.
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Elucidation of the Effects of Keratin on Fuel Cells
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ABSTRACT

We have learned that fuel cells containing keratin as electrolyte can extend the duration of fuel cells. We decided to conduct

research because we thought that if we could elucidate the mechanism, we could make more efficient fuel cells from materials

that are usually discarded. As a result, the fuel cell containing protein in the electrolyte produced bubbles during electrolysis,

and the duration was extended. Therefore, we considered that the fuel cell containing protein in the electrolyte may be affec ted

by hydrolysis during the experimental process, which breaks the bonds of the protein, and that the electrolysis causes the

broken bonds to rejoin and the resulting solids to affect the fuel cell.
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Gelation of electrolyte in dye-sensitized solar cells and its optimum conditions

fHARE HREA
Kii Nana Sasao Maki
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Tokuda Fuka

R D

Nozue Tomoko Matsugu Masaki
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ABSTRACT

In dye-sensitized solar cells, in most of the previous studies, gelatin was added to the electrolyte to form a gel. However, in this

study, agar was added to the electrolyte solution. As a result, it was found that agar does not melt even at high temperatures, unlike

gelatin, which helps prevent electrolyte leakage. This study on the effect of electrolyte conditions on the open-circuit voltage revealed

that the open-circuit voltage was highest when the agar concentration was 4-6% and the iodine concentration was 4%. Furthermore,

it was found that the open-circuit voltage was stable when the N719 dye was used.
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Collision of objects and scattering of water
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ABSTRACT

In collisions between solids, the phenomenon itself can already be physically predicted in terms of force product

and repulsion coefficient. However, when liquid is involved in a collision, only the instant of the collision, such as the

milk-crown phenomenon, is known. Therefore, with the aim of being able to make predictions after the collision of a

liquid, we conducted an experiment to measure the way water splashes in a collision between a solid and a liquid.

Previous research has shown that when a solid is dropped against water, the vertical bounce height of the water increases

as the energy of the solid increases. From the results of this study, it was found that there is a limit to the horizontal

bouncing distance of water that is related to the energy possessed by the sphere.
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ABSTRACT
In order to investigate changes in the impact absorption performance of fences depending on the weave and shape of the fences,
acceleration was measured and discussed using the index of impact load. The experimental results showed that the more rhombic the

mesh shape and the greater the number of twists, the lower the impact load acting on the object.
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Relation Between the Total Amount of Magnetic Force and Array
of Magnets
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ABSTRACT
Halbach arrays and other magnets have been considered for the efficient use of magnets to strengthen the magnetic force in one direction,
but no previous research has been found on strengthening the magnetic force of the entire magnet. Therefore, we newly defined "Total
attraction". It was found the Total attraction changes depending on the arrangement of the magnets. The magnitude of the total

attraction could be predicted by considering the movement of magnetic field lines.
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Exploring the Effectiveness and Optimization of the Kasumi-Tei Levees
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ABSTRACT
We created a river model and investigated the relationship between the angle of the

Kasumi-tei levee and the amount of water inflow.

We then calculated the optimal angle of the levee and established a method for improving

the Kasumi-tei levee.
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Discussion of winning strategies using the Grundy number
in a home-made game
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ABSTRACT
We learned about the Grundy number, a number that can represent a state in the transition diagram of a
mathematical game. We thought about how to determine whether the Grundy number is zero or not in a game
that we created ourselves. In conclusion, we did not find a way to determine whether the Grundy number is

zero or not, but we did find a regular table, “Cross-fractal”, in the process.
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Electric signals produced by mushrooms
Groupl 2-9 biology

lijima Yoshito Nakagawa lzumi Fujiwara Yutaro Maruno Yuki

: Summary
: When mushrooms are stimulated, the potential difference between mushrooms dlffers-
dependln_g on the type of stimulus.

Descrlptlon of Research Results of 1% Experiment f
'Studles by Kyoto University and others have :
: shown that the electrical activity of mushrooms :

s increases after rainfall, but it is not known how : After a few tens of seconds

: mushrooms respond to other stimuli. : : of stimulations, :

Therefore we wanted to investigate whether.: potential difference changes :

mushrooms respond to stimuli other than rainfall = were observed. :
: = and show electrical changes. We will study the ‘ :

B C .
: conditions under which electrical signals are :

: emitted by mushrooms.

: Hypothesis . :
: Direct stimuli are more relevant to the survival of No potential :
: the mushrooms. . differences was :
E l observed :
gThere is a certain pattern of fluctuation in the
: electrical potential depending on whether the : AR C = :
E stimulus is contact or non-contact. E:':::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:: Consideration of 1%t Experiment :
E]_St Experiment « Stimulus applied to A transfers the potential :
1.0bjective increase in A to B, hence the change in potential :

difference between B and C.

* A potential increase in A caused a potential
increase in B and C. The potentials of B and C were
together, and no change was observed.

: Confirm that mushrooms sold in supermarkets also
: produce electrical signals.

: 2.Methods

: Prepare mushrooms in the following conditions.

(DA and B are connected, and only Cis separated. huuereresevsvssssssresasasssssssrasssassssssararasassnsnne
: Foeepepeofafefefefepebepepuyiyfofefefefefepepepupunfofefefefefepepepupuyofafafefefefelepepupuapafafuls .
: t 9nd ; :
: (@All are connected. : 2"? Experiment :
: : 1.0bjective :
: Sprinkled water on A using a misting spray, and { See if the mushrooms signal when stimuli other :
: measured potential difference between Aand B. & than water are applied. .
t 2.Methods
: + Under the same conditions as in Experiment 1,:
: * potential differences were compared under the :
: : following conditions. :



(1) Sprinkling A with water twice. H Con5|derat|on of 2 Experiment
: * (2) Shining light (UV, red LED) on the cap of A.

: (3) Disconnecting the cap and the picture part of

P A

* (4) Burning the cap of A until it is scorched.

: (5) Raise the temperature around A.

: (6) Raise the humidity around A.

: *The mushrooms were connected to a digital
: voltmeter and waited until the potential i
= difference stopped changing before starting the =
* measurement.

The fact that the potential difference increased
clearly only when water and humidity stimuli
were applied and that it tended to increase with
time suggests that mushrooms tend to respond to
water-related stimuli with an increase in
. potentlal * The fact that the mushrooms showed
: a large change in the way they responded to the
i stimuli of light and burning, and that they
:: : intermittently repeated the rise and fall of the
:: potential difference, suggests that the mushrooms
1= responded significantly to the stimuli and that
i= there was a pattern to the transmission, but that
it was unstable.

=3
—
=

E A B C AB C .llIlllIlllllllllllllllllllllllIlllllllIllllllllllllllllll

| :iConclusion

:® D E * The characteristics of the fluctuations in the
: ' i2 mushroom's potential difference varied greatly
with changes in the stimulus, suggesting that the

1= mushroom is changing the electrical signals it

. AB ¢ AB ¢ rremits in response to changes in the
@ \ igenvironment. * The electrical signals of the
. 1 mushrooms are thought to be directional, since
some of them repeatedly rise and fall in potential
: 1= difference. The difference between contact and
. 11 non-contact stimuli was not so great, and we
: A B c A B C i could notfind a

% certain law between the type of environmental
-~ . .
% change and the electrical signals.

Results of 2" Experiment

Graph the change in potential difference.

0.25

0.24

Future Prospects
= Elucidate the cause of the individual differences

0.23

0.22

{

ol g o o ool ol o o R R o R R R R R :-'.'-'l
5

P — potential difference at the start of
s I 0.2

" Tow measurement.

! o = We would like to focus on what the rise and fall

: Eilw of the potential difference means to the

v oo mushrooms

: 0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 1021081141201261321 381441 501561671681 74180 t

: time{second) S eesssrsrrrrrrrrsssssssssrrrrrrrEEEEsEEnnnnrrrrrrEErns :
: ——red light — UV ——cutting ——temperature———water ——humidity ——burning t :
; i References :
= L . . . .
: - The most significant change was seen when _:.: Measuring Electrical Conversation of Mushrooms after =
* water was apolied (purple), followed by increased : Rain - First Field Confirmation of Possible Signal s
PP purpiel, Y ETransmlssmn by Mycelial Networks - | Press Release /
: humidity = Research Achievements | Tohoku University-Release date

: *In increased temperature and  March 24, 2023 Tohoku University Access date May 17
= disconnecting (green) ,there was no overall = __ -2023Measuring Electrical Conversation in Mushrooms =
: change . = % after Rain - First Field Confirmation of Possible Signal =
. - Transm|55|on by Mycelial Networks - | Kyoto Unlver5|ty
. (kyoto u.ac.jp) Release date March 27, 2023 Accessed
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Elucidation of the Effects of Keratin on Fuel Cells

Zeze High School, Shiga Prefecture, , Group 2

Saho Aoki, Ryosei Kaizuka, Kotone Hirota, Ichika Matsumoto and Kyoya Minami

Summary

We learned from last year ‘s science
and mathematics research that keratin
extends the duration of fuel cells. Keratin
is a type of protein, and we wondered why
and how proteins affect fuel cells. For the
reasons mentioned above, we decided to
investigate the effects of keratin on fuel
cells.

It was found that the hydrolysis process
breaks the bonds of keratin, and the
subsequent electrolysis recombines the
broken bonds, and the resulting substance
affects the fuel cell.

Experiment 1
Objective: To verify whether a fuel cell

containing keratin extends the duration.
Method

I H2SO4+tkeratin

I H2SO4 only

Hydrolyze wool (I only)

(D Electrolysis (3V for 3 minutes) < Charging
(2 Reconnect the circuit and measure the time
the propeller rotates «— Discharging

~@—

—L
1
i

A Photo: Electrolysis

Results

Comparison of keratin with and without keratin.

A Diagram: Circuit Diagram

140

120
“» 100
= 80
60
40
20 .__.—._.———._.—.—-.—.——.
0
1 2 3 4 5 6 7 8 9 10

Duration

Count

—&— with keratin —@—without keratin

The presence of keratin extended the duration.
During electrolysis, a large number of
bubbles formed on the surface of the solution.

_

Discussion of Experiment 1

It has become clear that keratin has some
effect on the duration of the battery.
Additionally, it was considered that the layer
of bubbles generated during electrolysis may
also influence the battery's duration.

Objective: To investigate whether the layers of
bubbles accumulated as the number of

Method

I After each experiment, stir the solution in
the beaker to remove bubbles.

I Conduct the experiment in the same manner
as Experiment 1. mablne

stirring
=

ReSUItS solufion carbon rod

Camparison with and without stirring

150

s o o—4—*
 —°

4

& o
2 4

100 e

50

Duration (s)

0
1 2 3 4 5 6 7 8 9 10

Count

In Experiment 2, where the solution was
stirred to remove bubbles, no increasing
trend was observed.

Discussion of Experiment2  _ _ _
In Experiment 2, since no sustained duration
was observed even after multiple trials, it is
believed that the bubbles generated during

charging affect the battery's duration.
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Experiment 3

Objective: A hypothesis was established that
keratin may denature and produce bubbles due to
the acidic bias caused by hydrogen ions generated
around the carbon rod during electrolysis. This
will be verified.

Method: The hydrolyzed keratin was experimented
with and without neutralization, maintaining
alkaline conditions.

Camparison with basic conditions

Results

150

—~
w
N
c
k=l
=1
©
I
S
o

Count

—&—indifference  —&—basic conditions

Even when the experiment
was conducted under basic
conditions, bubbles were
generated. Additionally, the duration was
shorter under basic conditions.

Discussion

From the fact that bubbles were generated even
when the experiment was conducted under basic
conditions, it was understood that keratin had
already denatured during hydrolysis, and that a
solid forming a layer of bubbles was produced
even when electricity was applied. The duration of
the battery was considerably shorter than that of
the neutralized sample, which may be attributed to
the increased amount of denatured keratin,
resulting in a thicker layer of bubbles.

Experiment 4

Objective: To investigate whether keratin
affects the increase of fuel cells by using
other proteins. _ _ _ _ _ _ _ _
Method: The experiment is conducted
using bonito flakes, which have a high
protein content, instead of keratin.

Comparison of keratin and dried bonito flakes

D~

i S € V'S 'S
9 a4

- s e e e . -
120
100
80

60

Duration (s)

4
4
4

o
2 2

1 2 3 4 5 6 7 8 9 10
Count

—&—keratin =—>¢—dried bonito flakes

Compared to those containing keratin, the
samples using bonito flakes had a longer
duration of the fuel cells.

Discussion _ _ _
Both keratin and bonito flakes showed a Tong

duration of the fuel cells, leading to the
hypothesis that the presence of protein may
extend the duration.

Conclusion

When keratin is hydrolyzed or neutralized
under strong acid and strong base conditions,
the bonds of the protein are broken and
denatured. However, the formation of a white
solid layer of bubbles during electrolysis is
thought to be caused by the electro-
polymerization that occurs when electricity is
passed through, leading to the reformation of
proteins derived from keratin. It is
hypothesized that the proteins formed in this
way accumulate while trapping the gases
generated during electrolysis, thereby
extending the duration of the fuel cell.

Hydrolysis

v

Disulfide bond cleavage
Electropolymerization

v

Affects duration

solid(bubbles)deposition

Future Prospects (and Challenges)
Experiments with other proteins

— Investigate the reasons for the extended
duration of bonito flakes, the types,

the differences in results based on protein
content, etc.

References

Protein denaturation

Oxidation-reduction

by electrolysis

The Impact of Keratin on Fuel Cells (2023 Zeze High
School Science Research Group 2)

. V(Vihat is Hydrolysis? Thara Nikkei Chemical Industry Co.,
Ltd.
https://www.iharanikkei.co.jp/column/detail.php?c=21
*Fuel Cells - Panasonic Energy Co., Ltd.
lilttpsl://www.panasonic.com/jp/energy/study/academy/fue1
.htm
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Gelation of electrolyte in dye-sensitized

Zeze High School  2-9 Chemistry Group3
Kii Nana Sasao Maki Tokuda Fuka Nozue Tomoko Matsugu Masaki

L concentration was 4%, and N719 was used asthedye. ..o
....................................................... R ool

;Hypothesis : ! Experiment I Contents (succession)

: Dye-sensitized solar cells are attracting - Electrolyte solutions were prepared and

attention as lightweight and low-cost solar : @ experiments were performed with agar

: cells. However, these cells can leak and cause @ i concentrations of 4-10% (in 1% increments).

: accidents such as blindness. In previous : : - EMF was measured twice with a tester for 5 =

: studies, the electrolyte solution was : minutes at 1 minute intervals. :

= gelatinized with gelatin to prevent leakage, I :

: but it was unclear whether the gelatin could -

withstand the high temperatures of summer.
: The purpose of this study is to confirm

: whether gelatin can withstand high summer
: temperatures and to investigate the EMF

: (electromotive force) of gels made of agar as
: a substitute for gelatin under various

: conditions.

: Prerequisite Knowledge

: (D Light strikes the dye in the cell.

: (2)Dye absorbs light energy and emits
electrons. o
: 3 Electrons are received by titanium dioxide £ * 500
(@) Electrons move through the —— — ~——L—"1
: conductor to the stainless steel s

: plate of the cathode

: ® Electrons are passed to
iodine in the iodine soluti6HT *
: (©lodide ions pass electrons to Dl
: the dye, and the dye conducts 0

: and generates electricity. : ; S
llllllllllllllllllllllllllllllllllllllllllllllllllllllllll : gar concentration{/

: Experiment I (Optimal conditions for

: agar concentration) Contents

: Anode---Aluminum foil coated with titanium
dioxide (IV) paste, baked, and one drop of

: yellow dye added

4 5 6 7 8 9 10

: i - The lower the agar concentration, the
: greater the EMF

: ¢ — The lower the agar concentration, the
: = higher the fluidity and the easier it is for

: Cathode--Stainless steel mesh P A
: Anode Cathode | :electrons to flow ' .
5| [ Teariam dos o | Gels with an agar concentration of 3% or
em velow pigmertt ~em Wﬁrﬁ“ : : less are close to a liquid and cannot prevent
S T RO IR e Ao SOOI .
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Experiment II -(D(Dye comparison)
Contents

Comparison of the EMF of yellow dye and
N719 dye was performed. The electrolyte was
prepared and one drop of yellow dye or N719
dye was placed on the baked titanium dioxide
paste at the negative electrode. Other
experimental operations are the same as in
Experiment I .

Experiment I -(O) Result , Consideration

Yellow 2nd N719 2nd
618.5mv 716.1mv

N719 1st
690.1mv

Yellow 1st

700.7mv

Since there was no significant change in the
maximum value of EMF, we focused on the
: transition of EMF over time.

ano

00 e Q332
GO0 /‘
500

400

EMF [}

‘\ /
00 ]
200
o i 2 a 4 L}
Yellow dye 1st
minute
- 71250

Yellow dye 2

------ 7192l

: N719 showed stable EMF in 5 minutes in
: both cases, but the second case of yellow
: showed large increase/decrease in 5 minutes,

: and the values often varied.

: >N719 shows more stable EMF :

Experiment II -2)(Optimal conditions for
iodine concentration) Contents
Experiment II-(D) showed that the N719 dye
was more stable. The next experiment was
conducted to determine the iodine
concentration at which the electromotive force
increases in dye-sensitized solar cells using
N719. The agar concentration was fixed at 4%,
and the EMF was measured at iodine
concentrations of 0%, 4%, and 8% for 4 and
12 drops of N719, respectively. The
experimental apparatus was the same as in
Experiment I .

AU EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
NN NN NN NN NN NN NN NN EEEEEEEEEEEEEEEEEEEE

Experiment Il -®2) Result , Consideration

800
O - — - |— - e eseenfeenn, P
600 [ — = ——
PRIy i
B e
T 400
=
wl
200
0
0 1 2 3 4 5 6 7 8

lodine percent concentration(%)
=@ -N719 12 drops of dye  ==g@==N719 4 drops of dye

++@:+ Yellowdye 1drop of dye

The reason why the EMF is high for all the
samples with 4% iodine is thought to be
because iodine in the iodine solution is brown
in color, which makes it difficult for light to
pass through, although electric current is
: difficult to flow when iodine is low. The fact
that even at 0% iodine concentration, the
values of EMF are the same as the others is
thought to be due to the involvement of
minerals and other substances contained in
the agar in the generation of electricity.

: Conclusion
: The highest electromotive force is obtained
: when the agar concentration is 4-6%, the

: iodine concentration is 4%, and the dye is

: N719, respectively, within the range where the
: electrolyte does not leak.

JUEEE NN NN NN NN NN NN NN NN NN N EEE NN NN EEEEEEEEEEEEEEEEY

: Prospect
: In order to achieve the EMF of 1.0V

: measured in a previous study, we would like to
: conduct experiments using different agar

: concentrations, dyes, and baking. Also, we

: would like to find a preservative that does not
: affect the gelling action of the agar.

: References

- Preparation of dye-sensitized solar cells by gelation of solution
Sakuragaoka High School 2024 viewed 7/1/2024
- Dye-Sensitized Solar Cells with Solid Electrolytes 2024 viewed
5/13

What is Dye-Sensitized Solar Cell (DSSC) 2024 viewed
9/9/2012

https://www.processio.co.jp/structure/
+ Food Yellow No.4Tokyo Kasei Kogyo K.K. 2025 viewed 1/15
https://www.tcichemicals.com/JP/ja/p/F0144
- Ruthenium dye for dye-sensitized solar cells Merck 2025 1/15
view https://www.sigmaaldrich.com/]P/ja/technical-
documents/technical-article/materials-science-and-
engineering/photovoltaics-and-solar-cells/dye-solar-cells?msockid
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zeze high school science and mathematics class Physics 4
Iwajima Shina Shibata Sota Takayama Tomoya Takeda Rinako Tsukamoto Kotaro

No matter how large the mass of the ball dropped on the water surface or the height at which the ball is
: dropped, the amount of water that bounces and the distance that the water droplets bounce laterally do not
: continue to increase.

D A A A A A A A A A A A e aa .
: Motive : ! Experiment 1 :
After observing how water bounces off the liquid : See how height relates to the distance of the water
: surface and is released out of the cup when water = i scatter.

: and ice are poured into the cup, we wanted to : : ~Fill the tank with 18L of water.
! investigate how water splashes when the factors ~ : i “Drop the ball, varying the height from the water
related to how objects fall, such as drop height and : ¢ surface, 10 cm from 20 cm to 90 cm in 10 cm

. : = increments.
: volume, are changed. :

: Hvoothesis = »One data per experiment
: = YDOTAESIS . : = »Perform the experiment three times \Ball .
: The more energy a dropped object has, the greater : : . i .
. : = per height Change this .
: the amount of water that bounces off and the i height :
: greater the distance a drop of water bounces
: laterally. In other words, the greater the heightat = =
: which an object is dropped and the greater the 120cm >06m
: mass of the object, the greater the scattering of i ' ‘
T L e L L L L L L L LELLLEL L
AN NN N AR NN RN EAEEEEAEEEEEEEEEEEEEEEEAEEEEEEEEEEEE 2l Results of Experiment 1 .
: Outline of Experiment i o
: Main Experimental Tools i :
: »Cubic tank of 30 cm per side - 120
: »Ball (Super ball, urethane, PTFE, steel ball) . 0 .
: Fundamental method : 9o o @ :

<
<

: 1.drop the ball into the water tank
: 2. record the most splashes on the measurement sheet =

Maximum distance (cm)

: 3. measure the distance between 2 and the drop point . 60 .
: Ball :i £ 5
. e PY ( J = . -
: ® . 20 :
: the water scatter. i
: ' 0 :
H @ ® = 20 30 40 50 60 70 80 90 .
: . @ T height(cm) :
. Measuring paper - :
. — - H E First Second © Third ‘ Average .
EP’I.elll'rllrla‘l.y experlments E :IIIIII.III.III.III.III.III.III.III.III.III.III.III.III.IIE
E Use Speed sensor tO examine the ball's fall E .- -------------------------------------------------------- :
: : : Consideration of Experiment 1 .
: Height(n) Velocity(m/s) ~ Theresults with the Superball = = Tncreasing the height of the drop does not :
. 60 3.38 S'm'lar results were obtained { : necessarily mean monotonically increasing the :
70 362 with other balls o water scatter .
. - -Velocity at the time of i ) . . ) .
: 80 3.90 jisionis the same forall  + &+  There may be a height, a velocity, at which the :
: 90 410 palis : 1 lateral splash of water is maximized :
: 100 4.42 s :
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: Experiment 2
- See how weight relates to the distance a drop of

: water bounces laterally.

: Changes from Experiment 1

> A 1-inch (2.54 cm) diameter superball(7g), a

= urethane ball(10g), a PTFE ball(19g), and a steel
: ball(67g) were added to the experimental tools in
: Experiment 1.

= » The height of the drop was fixed at 40 cm.

> The drop position was changed from the center
: of the water surface to near the side where the

: scale was taken.

: » The volume of water was increased to fill the

: container to the brim.

> The balls were dropped, and five drops of water
: were taken in order of distance from the drop

: farthest from the drop point, and the distance to

: the drop point of each ball was measured.

= Drop the ball five times with each type of ball
and measure the distance.

Specific example (top view)

= 90cm

NN NN NN NN NN NN EEEEEN NN NN NN NSNS NN NN NN NN NN SN NN NN NN NN NN NN NN NN NN ENEENEEEEEEEEEEEEEEEEEE
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: Results of Experiment 2

: 180 % ° E
2 160 =
E 140 m E
. 3 o O H
E 120 , -: s o o H
2100 g 8 |8 . o ir E

#lalle® . :
: o |© 0 ° ol o .
R 8 ' .
: [ 0| o (] .
vaol ° B o .
| i
| Super Ball  Urethane PTFE Steel Ball | =
: O: Individual value of each frequency
= Bar graph: Average value of each frequency
: @ : Average value of the whole
* (Vertical axis shows the distance of water droplets

= bounced horizontally)

: Consideration of Experiment 2 :
As the mass of the ball is increased, the distance :
t which the water droplets bounce sideways also :
gradually increases to some extent, but the value
becomes smaller if the mass of the ball is too large.
There may be a value for the mass of the ball :
such that the distance at which the water droplets =
bounce sideways is the maximum value.

Average value of the whole

[N
(=]
o

¢
®

O 2

%
o

o

Super Ball(7g) Urethane(10g) PTFE(19g) Steel Ball(67g) H
l

NN NN NN NSNS NN SN S EEENEEEEEEEEEEEEEE
=
G
o

Concluswn :
No matter how much the height of the falling

: ball is increased, the distance that water droplets

bounce horizontally converges to a certain value.
When the mass of the falling ball is changed, the =

distance that water droplets bounce horizontally — :

changes from an increasing trend to a decreasing

trend after a certain value. :
And we concluded that its specific mass value =
might be between 20g and 60g. :

Future Outlook
By performing the same experiment with falling

balls of various masses, we would like to find the

specific mass value at which the distance at which :

the water droplets bounce laterally changes from

: an increasing trend to a decreasing trend. :

T NN NN NN NN NN NN NN NN NN NN NN NN NN NN EEEEEEEEEEEEEEEEE
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: References
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( 2 JComprehensive Net Between Schools (2022) Law of :
= Height of Highest Reach of Water Splash
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The structure of fences and shock absorption

Shiga prefectural Zeze high school 2-9 Physics-group 5
Tamura Ayano Kitagawa Yuki Akasaka Aika Murata Hyuga
Tanoue Shinnosuke Tsutsumi Makisato

: Summary :
: Observed changes in shock absorption performances caused by differences in the structure of fences.
: Finally, we concluded that diamond-shaped ones and twisted more times are suitable.

: Introduction, Purpose

: « Interested in fences installed in racing tracks for
motorsports.

: * How can we optimize the structure of fences to
= make their absorption performance more effective

*Shocking weight= mA—Atv [N]

: Hypothesis

:  The shape of the mesh and the number of twists
changes the absorption performance.

Experiment method and

: exploratory experiment

: Fundamental method

: 1. Create models of fences.

2.Drop a weight with an acceleration sensor onto
: the fence.

: 3.Synthesize the acceleration of each direction-x-
: y-z and generate graphs and analyze them.

: 4. Assess the fences from the perspective of

= contact time and . l :
. ) . object .
: maximum acceleration. Sensor:

Fence\_ £ 15cm

5 S EE NN NN NS NN NN NN NN NS NN NN NN NS EEEEEEEEEEEEEEEEEE

: : Experiment-1(Low Density Polyethylene)

: = the relation between the mesh’s shape and their

?

Exploratory experiment

To understand the relation L

between the mesh's shape and the absorption
: performance, we tested diamond, squared, and
: hexagonal cardboard fences.

: Result

: Contact time[s]  Acceleration[m/s”2]
: Square 0.6 121

:  Diamond 0.8 126

:  Hexagon 0.3 83

: Discussion, Conclusion

: Hexagon— First peak is the lowest.
Diamonds— Length of the first peak is longest.
: Either of these may be suitable for the fence.

: ¢ +Using fences, more similar to actual ones, test

:: The peak of the diamond and hexagonal fences

: Purpose, Method :

: performance.
: Create fences by cutting plastic bags. :

Pattern of fences

: Conditions :
Thickness* * +0.04mm
: Weight*  + 125.5¢g :
Drop height* * +10cm

Experiment-1 Result
Instance of the graphs

(mfs?) Diamond (m/s?) Hexagon
120 120 .
100 100 -
80 80 E
60 60 .
40 40 :
20 20 E
o 0 .
5 5.5 6 6.5 7 45 5 55 6 65 =
) =) =

*Av/At

1st 2nd 3rd 4th 5th
Diamond | 30.001 | 28.069 | 36.015 | 29.706 36.325§

Hexagon |35.721[35.521|38.553[39.778 [N/A  |:

6th 7th Standard _

-error H
34.601 |31.103 |32.260|1.166 E
N/A N/A 37.393(0.913 .

AN NN NSNS NN NN NN NN NN NN NN NS E NN NN NN NN NN NN NN NNy

: doesn’t differ greatly, but the former ones have
: longer contact with the weight. :

: —Diamond fences can absorb the shock longer

and disperse the shock.
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Experiment-2(metal wire)

*Purpose

Examine the change in shock absorption
performance with number of twists and the
adequacy of the plastic fences.

: Prepare fence models consists of metal wire.
Change the number of twist.

twist
Weight...463g

Height...20cm

Number of trials
1 twist... O times
3 twist... 5 times

synthesis_3

Focus on time the
objects touch on the
fence

I

At

N

NN NN NN NN NN NN NN SN NN SN NN NN NN NN NN NN EEEEEEEEEEEEEEEEEEEEEEEE
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Experiment-2 Result :
Example of graph .
(m/s?) oynthesis_2 (m/s?) e

200 200 u
150 150 o
100 100 E
50 50 E
0 0 .
26 31 36 41 46 51 5 5.5 6 6.5 7 75

(s) (s):

v 1st 2st 3st 4st 5st 6st st =
once .
Av/At 46.261 55.288 46.362 46.619 46.266 51.593 49.661%
8st 9st Average standa E

rd error®

53.218 51.228 49.611 1.075E

20% reduction

42.662 48.329 38.907 43.897 45.527 43.864 1.560

% graph scale(m/s?) is different.

M EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESE
L]

.

.

- 2

. .

: (m/s2) Metal wire &5

: is0

. 160

L[ ] 140

- 120

. 100

- s0

[ ] 60

: 40

= 20

[ ] o

L] 4.3 4.8 3.3 5.8 6.3
L]

. e e

. .

. 2 Plastic

. (m/s?) <

.

.

L]

L]

.

.

L]

L]

.

.

L]

L]

L] o o o
L] 4.5 4.7 4.9 5.1 5.3 5.5 5.7 5.9
: synthesis> L Fa.1@m

.

.:'h'-'-'-'h'-'-'-'h'-'-'-'h'-'-'-'h'-'-'-'h'-'-'-H“‘-H“‘-H“‘-H“‘-H“‘-H“‘-H“‘-H“‘-
: Discussion

: The more the number of twists increases, the
longer the time objects touch with a fence

: model, which perhaps leads to absorbing the

: impacts well.

: In addition, though graph scale is different, a
sketch of graphs of fences made of plastic is

: really similar to the graph of fences consist
of iron wire suggesting that plastic fence

"

E models are appropriate for fence model.
Conclusmn
= « It was concluded that the thombus shape is *
: suitable for the shape of the fence mesh.
: *Experiment 2 suggests that the contact time :
: between the fence and the object increases as
the number of twists increases. It also
confirms that plastic fence models are :
appropriate for fence model.
: Future prospects
: - Change the size of the mesh. :
: +Increase the number of experiment more.
* Improve reproducibility and accuracy. :

References

* Loop fence research group
https://loopfence-vx.com/
* JAF motorsports
https://motorsports.jaf.or.jp/
* Mitsubishi chemical corporation tech shops
https://www.sankogosei.shop/post/

(Last viewed on 2025/1/18)
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'Relation between the Total Amount of
Magnetic Force and array of magnets’

Group 6 Physics Ryoto Izutsu, Shota Umetani, Kotaro Okayasu, Aoi Seiki, Gen Yoshikawa

ummary .
It was found the total attraction changes depending on the arrangement of the magnets. The magnitude of the
total attraction could be predicted by considering the movement of magnetic field lines.

Prerequisite knowledge % Result
The same magnet has different magnetic forces at -____ .
different locations. 138.6 182.0 18337 1329 133.3 133.1 :

We defined "Total attraction"as the sum of all the ® 1401 189.7 1411 1403 141.1 1405 :
magnetic forces \,3\’13\\/1/ ® 154.1 1545 1553 1551 154.9 154.8 (g) I

at each location, jﬂﬁc\:' The mass of iron sand: D<@ <®
which we thought could 7 \
be measured by the mass of /|

EEEG UEEEEEEEEEEE

Considerations :
iron sand that sticks H H We can see a clear difference between (1), @)

. +ﬂ K IR +ﬂ o and ), so the total magnetic force is not
= to the entire magnet. constant

AR AALEAALEAAA AL ALY

Motive Purpose Hypothesis

: Hypothesis2

We are interested in efficient use of magnets : i From experiment 1, "total attraction" changed

: ->Focus on the relationship between magnetic : i depending on the arrangement.
: force and sequence : ="Total attraction" is not constant
Would the attraction change depending on the : * The difference in experiment 1 may be due to
: arrangement? differences in surface area.
: Find the most attractive array by forming magnets =i °® =By usinga cubic magnet and keeping the :
: in various arrays surface area constant, the effect of surface areais i
TS5 B LIS :
gL R e S S L . i+ Inexperiment 1, the configuration that produced
Hypothesis 1 L L the most repulsive forces was the strongest.
:1. The nurTmber of magnetic field line is constant i = Could this be related to the external force
: depending on the magnet applied during fixation?
: 2. Magnetic force is determined by the density i« Could it have something to do with the distance

of magnetic lines : i between the poles?

: ="Total attraction" remains the same regardless . SExperimenting with different arrangement
E Of the arrangement? ...............................................................................

............................................................................ : Experiment
e : :
: Experiments1 = 1 Alter the array of the three cube magnets. :

: Investigated the mass of attached iron sand in .
: : each pattern.Then measured the magnetic flux
: 1 density at 14 locations circled in red below with a

Total Magnetic Force was examined by changing
= the array of the 12 magnets and weighing the

: total mass of iron sand adhering to each. - .
. : » magnetometer :
: Method s Side view/front view .
: Alter the array of 12 magnets and investigate the = = .
: : : i 00 @ ® ©

: mass of attached iron sand in each pattern .

Hoy=— @ ® i

. s N s N 3 "

:[N S : :
- N .
S -

_68_



'IIlllllllIlllIlllIlllIlllIlllIlllllllIllllllllllllllllll
;Result
. @Mass of attached iron sand

EENEN R,

70. 5 62. 7 49. 7 The tip of
PP DS 1 - EQEE
111.0 53.0 64.0 North pole.

@Magnetic flux density at each location(mT)

Comelatio

90 105 84 .

Coefficient
TP DD €1 I
268 52 110

Magnetic flux density at each location(mT)

-
-
-

—
~
—

10 i 3 front BB 26 20

7 2 6 m 21 25 20

6 1 6 21 24 17
right |

Il
T
!

et EE NN s s s s s s s e I I NN b e e e e === NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NS NN NN EEEEEEEEEEEEEEEY

I

[front [ 1 ERNN front  [E
-7 1 6 -3
right B

—_
v

T L1

[back g 3 T back |3 1 8
above [K 1 11 above | 3 5
under  [ETRNN PR under B 13
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~

: Consideration(D

i The total amount of iron sand varied when the
surface area was kept constant and when it was
i not.

i >The surface area may affect total attraction.

i The array that requires the most external force is
—>& -, but the amount of iron sand is low

i >The external force to fix is not relevant.

i Correlation between @ and @

i >the magnetic force measurement using iron
sand was valid . (Correlation coefficient is 0.958)

References

https://www.neomag.jp/mag_navi/glossary/glossary_main.php?title_name=%E3%83%
8F%E3%83%AB%E3%83%90%E3%83%83%E3%83%8F%E9%85%8D%E5%88%97
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Consideration®®

N and S are adjacent
->The flow of magnetic field
Lines is small
->The range of the magnetic
force is narrow.

N and S are far apart /]\ 9 \l/

—>Magnetic field lines flow in a large

circumference

—>The magnetic field lines cover a large area.
However, if they are too far apart,

the magnetic flux density is small

>

The shorter the same pole
distance

—>Repulsion prevents the
magnetic force from escaping into
the magnet - large range
However: Magnetic lines of force
do not overlap when facing

each other - small density —_ —

NN NN NN NN NS SN S SN N NN NN NN NN NN EEEEEEENEEEEEEEEEER
JEEEE I NN NN NN NN NN EEEN NS EEEENEEEENEEEEEEEEEEEEEEEEESE

: Conclusion

: To increase total attraction,

Different poles: not too short or long(balance
the range of existence and density)

Distance between co-poles: small, not face to
each other space(to maintain the range of
existence of magnetic field lines and create an
overlapping flow of magnetic fi

Future outlook

Increase the number of magnetic flux density
measurement points .

Use simulation.

discuss how to utilize “total attraction” in practical

applications using yokes and other devices.

RN NN NN NN NN NN NN L L pEEEEEEEEEEEEEEEEE
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Exploring the Effectiveness and Optimization of
Kasumi-Tel levees

2nd Grade Class 9 Group 7 Earth Science
Isshin Sugimoto Kanase Takigawa Rikuto Baba Hiroto Hayakawa Ryota Hayase

Summary
When a model experiment on river flooding was conducted, Kasumi-Tei functioned

effectively, confirming the vaI|d|ty of the experimental model.

1 Introduction : : 3.Experiment 1

: : Conducting individual experiments on actual
: : 1 rivers is impossible.

: control structure which reduces water flow and E : Created an experimental model with two
 prevents levee breaches. = rivers, one is with Kasumi-Tei while the other

= : is not.
: =\=\= ¥-¥ \=\= : X Confirm the validity of the experimental

: Kasumi-Tei Levee is Japanese traditional flood

= upstream *psfream »upstream s -
i / o / 7 - : model through preliminary experiments.
Normal times Heavy rainfall Post-rainfall o
Example

Side view
August 2022

—

Takatoki River (Shiga) /

—~ imbun .
> -
- NS L
L £ = L I
L] a [
" % = = " g
M > " g
N 7 > " g ——————————
L] E . | " g I
- - L |
- L ]
'..........................................................‘ . \
-------------------------------------------------------- a " \
. : Ponds, lakes, oceans levee rivers
: L]
.

2 Research Objectives
i 17.8m
: Our study focused on making Kasumi-Tei i Top view

-

The Kasumi-Tei

wealsdn

weasumop

< >

< >

: more effective. During normal time, because _ o
: . . : = Adjusted the angle of Kasumi-Tei Levee to
: the area of Kasumi-Tei levee is used as a o regulate water inflow.

! farmland, it is good that the water inflow area } : *Angles: 15°,22.5°,30°,37.5°,45°
: : = *Number of attempts: 5 per angle

: is small. The optimal Kasumi-Tei Leveesis  } f .olume of water flowed: 140.25[cm3/s]

Prevent flood except Kasumi-Tei Levees. & : Relationship Between Angle and Inflow
= " 70.0
Water inflow area in The levee is minimum. 60.0
50.0
40.0

30.0
20.0

To regulate inflow into the Levee,
: we focused on the angle of
: the Kasumi-Tei Levees. i:::

a _ . 10 20 30 40 50
: ﬁ E : angle (.)
: Our Research Objective : :

: Find the best levee angle for each : i The larger the angle is, the larger the amount of:
: Kasumi-Tei levee : I water inflow is. Also, the larger the angle is, the

: smaller the slope of the graph is.
: : =Upper limit of the amount of water inflow .

inflow (¢ m?/s)




4 Experiment 2 5 Use of experimental results
: In Experiment 1, there was a problem of large : Consider how to calculate the optimum angle
data variability and differences in scale from the : of Kasumi-Tei levee for a particular river.
: actual river. To improve accuracy, the same : 1. Find the estimated maximum water
: experiment as Experiment 1 was conducted using = = volume of the river( I ) and the maximum
: the river simulation software iRIC. The inflow . water volume that the river will not flood

: velocity was then determined from the velocity : : without a Kasumi-Tei levee(II )(available
and depth of water entering the Kasumi-Tei levee. : from hazard maps, etc.). The difference
Angle: 15° to 60° (in5° increments) ;o between (I ) and (1) is the ideal value
Water flow rate: 1000 m3/s (4000s) i of the amount of water flowing into the
: :  Kasumi-Tei levee.
: 2. Install a Kasumi-Tei levee with an
: appropriate angle and run the simulation.

— : 3. Compare the ideal value of the inflow
Simulation Results — Water Depth E E VeIOCity into the Kasumi-Tei levee
Yellow and red areas indicate deeper : i  obtained in (1) with the result of (2), and
water levels, showing water accumulation i :  calculate the optimum angle using a
upstream of Kasumi-Tei. ;o graph of the relationship between the
;o inflow velocity and the angle.
Inflow R s S s E SIS AN NS AN EEEEEE AN EEEEEEEEEEEEEEEEEEEEEEEEEEES

: 9.Future Prospects

: *Evaluate the optimum angle obtained in an
= actual river

: -Consider cases where changes in the angle
: of the Kasumi-Tei Levee cannot

: accommodate.

: *Model experiments and simulations cannot
= account for levee erosion, and we would like

inflow (m%/s)

time (s)

The inflow rate first increased and then } :!0take its effects into account. %

gradually decreased. Negative values I ... ....cccvevcvereirsrerereresensnrnrereresensnsnsnsnns,

indicate that the water receded from the : :7.References :
Kasumi-Tei. D EAERIEIEOBESIEOREREDNLE 1—],

- RIVERFRONTH#IZE T, 945 . 20224

Relationship Between Relative Inflow and Angle https://www.rfc.or.jo/pdf/vol 94/p010.pdf -

16 e BEAE-M BA-RHE SFE-BAF HEERDE ;

Ll w0 - IKBEREDEHE A ZR LU R AKETEIZE TS E

3" — . i B FICRET 52— IAIRMTRXE. 27 -
S s —600 ;s # 20214 Microsoft Word — Sa[ 1| $ it 2324

% 0s - : BEETAhE 210521 ([E({8).docx (jst.go.ip) :

"o o IBEOBATHEKERROIEAOBRE—EM-2)

0 1000 ;o DIEIR IMDHE Z 512021 Fnews.yahoo.co,jp.url =

e i s s TEEN-ZENBIZE T\ —3—8BHEDE

erete © Pl TELARAOTR RSB R |

The relationship between the angle of : e X :

Eﬂ B#HE#IT RELAKIZAALGTHYNESE A

Kasumi-Tei and the inflow rate was FHTm B 2R 0 BN 20224

investigated, focusing on the period from : = :
400s to 1000s. The graphs had the same  : : https://www.asahi.com/articles/ASQ8L63RCQELPLZU
general shape regardless of the time. The : 1 001.html :
results were similar to Experiment 1.




A discussion of a guaranteed victory method *
=5

of a game using Grundy Number
SHIGA Prefectural ZEZE High School 2-9 Group8

Abe Koga Tani Hajime Fujikawa Tomoya Bessho Manato Morimoto Teppei

: Using the Grundy Numbers, we discussed guaranteed victory methods in our own game.

: Prerequisite Knowledge (What is the : Reseach of Kom (our original game)

Grundy Number?) : Prepare a board of a n X n square and
: Grundy Numbers--+ A number used place two pieces on a square without
Eto determine the state of a game, overlapplng Both players can select a
: corresponding to each state in the i :Piece and move it up or to the left as
: transition diagram of the game. much as they like.(It must not overlap

: or overtake another one.) When both
- pieces cannot be moved, the one who
- moves the piece at last wins.

—This is used to derive the winning
: strategy of a game. Procedure for
: deriving the Grundy Number.
'(1)The goal is O . “
(2) If the Grundy Number for all
tranS|t|ons is fixed, the smallest non-:
: negative integer that is not included E :
in the Grundy Number for the SRR P RO b O PR R OO b
: transitions. : : Kom (Winning consideration) :
: - By using programs, | wrote out all the
¢ patterns with a Grundy Number of 0 as

shown in the figure below. You can win
: - by always continuing to move the

5(3) Winning is achieved by keeping
gthe Grundy Number at O until the
: end of the game Translated.

E = EEE .

D mnRaREL LR : : pattern so that it will always be the

-@ e ——j ::pattern below after your operation.

= A OO

: _ ) BB P e 0

: e x OL LI O oo 0o

il FauEn[con NN 0o

: FamH o NN | [0l

":::::::::::::::::::::::::::::::::::::::::::::::::::::::: When the board is small, it is possible to
: Goals of the study dcover a winning strategy by using the

: program to write out a state with a Grundy :
.Keep the Grundy Number = 0 ::p s Wi e v
: - : number of 0. The game transition diagram

=Find a guaranteed victory - becomes more complicated because there

‘ methods. ttare four different goal patl.Jrns and the

: - : frames cannot overlap or jump over each
- - other when the board is large.



Rule changes of Kom ConSIderatlon of the table created
: The game is changed from “You win i We found that the table we created

: when you can no longer move” to i has a structure that repeatedly

: “You win when two frames overlap in intersects the structure as shown in

: the upper left corner” (frames can i1 the figure below.

: overlap only at the end of the game).
: Only one state is determined at the

: end of the game. ‘ 011 % 415]6|7 10
: 2 l10 5 6 11
: HE 116 411011
HBRERE 6 4|5]11]10
456 1123121314
HEBE 6|1 3(2)13[12) 15
PP T TP TP TTTTTTTITTTTITI iil6|75[4]2]3 1 12
New consideration til7]6 a5 ]3]2]1 1413
ol1l21314al5]e 8|9 10[11/12]13 14 B
1lol3l2l5lal7 9|8 11[10/13]12 4 3
>3 lol1lel7 15 101110/ 9 |8 [15]14[13] 2 |3 | 0|
312(1|0|7|6]4
4 5 6 7 0 1 2 | i msssssssssssssssssssssssssssssssssssssssssssssssssssnnnsd
> 4] 7]6]110}3 Outlook
o (A e e 0 ¥ Using the structure of the table ofg

iéGrundy Numbers, we consider the:
:: general guaranteed victory method of i

Eone piece, write in all squares the : _ :
: Grundy Number when there is a piece E :the new rule of Kom. Think abOUtE
general

: in that square. When two pieces do not :

I|ne up in a row after the opponent’ s Acknowledgement
: turn, they can move the piece on the i .
: :: A professor of Shiga University,

square with the larger Grundy Number ::

: after their operation so that the two Mr.Hasegawa gave advices to our
pieces have the same Grundy Number. study.
: If you can move them in this way until .
Ethe end, you can win the game.

However, we have not yet figured out
how to win when two pieces line up in

a row after the opponent’ s turn.

: Considering Kom when there is only

:: References

Tomoaki Yasufuku, Ko Sakai, and Koki
Suegusa

i “The World of Combinatorial Game
Theory: Mathematical Methods for
Winning,”
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Electric signals produced by mushrooms
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Elucidation of the Effect of Keratin on Fuel Cells
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Gelation of electrolyte in dye-sensitized solar cells and its optimum conditions
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Relation between the Total Amount of Magnetic Force and array of magnets
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