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The Relationship between Metal Ions in Aqueous Solution and Survival Time of Planaria

WiE FnA RiE BOK TR shME AR ERZE EA BG
Tomoki Okui, Ryota Kataoka, Hirotaka Kondo, Mizuki Hayashi, Saki Miyamoto
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Abstract :

To prove the influence of the types of metal ions and the molarity of the breeding liquid, we put planaria into three types of liquid, sodium chloride aqueous
solution, potassium chloride aqueous solution, and calcium chloride aqueous solution. The molarity became higher, the survival time of planaria became shorter.
This could be observed in all types of solution. Compared to each solution, the survival time is shortest in potassium chloride aqueous solution. At high molarity,
pharynx stretching was observed in sodium chloride aqueous solution, potassium chloride aqueous solution. However, it wasn’t observed in calcium chloride

aqueous solution, because calcium ions contract muscles.
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The Effect of Keratin on Fuel Cells

B/ Lmx mMEkEE TSHER RLUESR
Hina Wakinoue Yuki Kato Honoka Tsuji  Yuki Higashiyama
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ABSTRACT
Currently, phosphoric acid solution and alkali aqueous solution are mainly used as electrolytes in fuel cells.
Therefore, when we learned about a fuel cell using keratin, which is routinely discarded, as an electrolyte, we
decided to investigate further. Experimental results showed that the use of keratin had the effect of sustaining the
fuel cell. The keratin was found to be effective both when used for charging and when used for discharging, and
the white solid derived from keratin was found to have an effect when charging.
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The Relationship between Paper Drying Time and Wrinkle Height
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Ishimitsu Reo Komatsu Naoki

WO A R ER
So Yumi
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Narita Mana Matano Junsei
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ABSTRACT
Based on previous research, we thought that the height of wrinkles on paper might be related to the time it takes for the wet paper to dry, so we
conducted an experiment to compare the height of wrinkles by changing the drying time of paper. The results showed that the 1onger the paper
drying time is, the lower wrinkle height becomes, and the height becomes higher if the drying time was too long.
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Relations between icicles and inflow/concentration
due to brinicle phenomenon

RHAEET FtEP ALEMT

Maruoka Tomoyuki

Yasui Yugo Kikuchi Riu

MAMAKE LD

Nasu Kentaro ~ Yamaji Junya
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ABSTRACT

After watching a video of the brinicle phenomenon on TV, I became interested in the phenomenon, so I built a schematic

experimental apparatus and conducted experiments while changing the weight percent and inflow velocity. As a result,

we were able to confirm that icicles are formed when the mass percent concentration and inflow velocity of brine are

within a certain range, and we were able to determine the approximate shape of this range as a graph. In the future, we

would like to improve the experimental apparatus so that we can change the inflow rate more precisely and conduct

experiments to obtain more accurate data and find new conditions related to the formation of icicle forming.
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The relation between rolling motion of container with liquid and viscosity of liquid
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Abstract
In this research, we found the rolling motion with liquids inside container sticking to the side of the container when we roll the

container with high-viscosity liquids such as glycerin, so experiments were conducted with the aim of identifying the range of viscosities
over which this phenomenon occurs, and the distances over which it is caused to roll. We found that when this phenomenon occurs, the
viscosity increases, which would normally result in a smaller rotational distance, but it increases. We also found that when this behavior

occurs, a certain amount of initial speed is required.
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Modeling of Backwater Phenomena and Disaster Mitigation
Between The Tama River and The Hirase River
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ABSTRACT

In recent years, localized heavy rains have caused flooding in many places. One of the causes of this is the backwater

phenomenon. We built a model that reproduces the backwater phenomenon. It was found that by placing a partition at the

confluence that makes it easier for sub stream to flow in, it is possible to reduce the damage caused by the backwater

phenomenon.
F—T—F: N\ IF—E—BE, Kf, IR, KEDEF

1. [FLCHIZ

VAR, RWIC X BWJIOIRENHEE L TWD. JLE
DFERZFHRA L, BEHRO—DE LT AT T4—H
—HBBL WO LORH D ENGoT. RNy T T
—H =BG X, WD KFEDOBNEE LT &
L, KMERN D KDBAFICTHIIADT, ZHROA
WL DL ERcILEN L8 ETHD (K1) .

HAEL, ZoxE s L TEICEYOILEN T T
BN, IBENEE AN O LD R L T

D, RAEAMRIEIICE ST RWEWIRERD .
ZDI=, LEFFLAMTEIINERIC TRZfT Z &1 &
ST, O Z EnTENL, KVERT
HHEZEZOND., FIT, Nyl g —F—HBHEN
EZ D) EET ML Lz BT, I OEFEDONES
WCTREZL, ILEZFNLTERLT 572005
1o 7=,

AROETR FmOR A B LR EROKAHFESICERL
MAVABICL BB ERTRE
1

2. EBIZCHT=--T

Ny I g —H—BRNRETHER ZRIEL,
Z OB CERER AT O . BTG & 5 2B (R
i) &R CGa) (K2) 2#5FicL, B ZER L
7. ZHOHOWJITIX 2019410 A 12 H, HE 19 5
DEETNy 7 U4 —F —BGRIC L HILENEZ - T
W5,

3. HrI#fR

[E] 1= s R pe ] 2 Tlrm ) (X 3) o Eig At
EiTo0z. BRI OZE)OEIXK 120m, KIES3
m, FHIOMEE 17m, K 3m, AHMHEIT 45°

ThDH., ZOHREZE LI, KiKOMWEE 65cn, HES
Z 1.5cm, XOMWEEZ 8em, HX% 1.5cm, A
% 45° , HBEHIAWZ 3° , ZitEwE 6 & LA
ZHRELT-.
1=
t‘_;,.a
1. -

_25_



4. R 1
©O)=):s

BUE LI TRBRZAT WV,
BN FAET D0 ETRT 5.

@Ai%

BRI DRI AR Ny 7 CREL, JIEIZIEZT 7
AF v T ER—NVEMHERA L. LTy L
TITAF v VTER—INVE T AT —7 THEELZ
(K 4) . Rt ZoznETnofne, LI
IV EZERELSTSTH20, Kofkb
DICBBiZHWTEREZI T2, K64
v Uth D BB A 4800 fiH, i S IXERE O BB i
Z 1800 @ L, AENHOBBHOHHICEE SN
TS DBBHMNEEE > TN DN EHEND D

Ny gt —H—

X 4

QR - &% - RE

SR BB BN AR B 10 Kifgivi=. Lo L,
AWED BB AN > 7% b XK Tt £ -8R &
D BB AN THNILI U Doz 2 &b, A BB
OB TII /L, EAOWOT LT —TOFE
DOMMIT k> THWD BB WoHENARE T o5 TL
Foll N ghotl. Flm, TITRF v IER
— VORI HMM2NH Y, BB BRAZNIZH - T
MM TLEIZEICL T —IZHNZNE WD

MEG 5. B OMERZ2E 2 THEBRZMENT
S7=, BB WINT T ATF vV ERAR—NLTITNRD R

b otm. ZDOe, BBHOWBHWNLT LT —T
B IN W ZRET 20BN H 5.

5. £E&2

ORELS!

BBHEDFEININ T LT — TR T T AT v 7 BAR—/ D
MM DR 22 1T 7 D X OB Lz, Z o
TRy I g — 2 —BRNEAETHIE D & iR
5.

@751k

BB FEOKL, SRR 1 O EH, ARIZIIY
HAEOIZ AWz, HLOREIIRO 52 TN
Fonen. KROJIEZHREY I L TERZT D
& BB BEANINE B —H#RIRS > TH—ITiR R dr o 7o 7z
0, AKO)IMEZ 35 el 72 (K¥5) . XL DL
NENOBR 2L X, BRI ERZIT T

OfER - B -

HLD—F5% 5 em BT IEATRE S 110 em®D & Z
A% 8.5 b, KIEOWEA 35em & L7z, ZO5MF
DFE, PN H D BB BN EIEHEE Tl £ 0 A2t
AFEl2NoT2Z EC, KO EFEERT BB N AT,
KXo T, RNy o —2—BRNEI -7t EZLN
723, RIS T TR ER 21T 72 & 2 A, [J CRin
DHBTEZehotc. ZORKE LT, ErE T 5
XFEDIEFDODOTINIEHE B LD 0, BB HOFL LM E:
FZ L TLEH Z &R0, BB TITERNEMIZ ANV,
—JBIZ 2o TN D 72D, KALD EFANFEH TX T
W ho 2l EBRB XL, F 2T, L0 AKDH)
WS A 72012 BB OOV ITKEFHTHZ &
Iz L7-.

6. EBR3
O]

KERWIAER TNy 77 5 — 2 —BIRPNEZ 50
ZRER L, BN D D.

Q@A

FE 1 THWEIC T T AF v 7 BeR— %
W AR 2 U7 K E W TERMTZ D L9
O —ERIZBE AN T & i U 7=, A9 & e e
BKZEE LT, ATl TR D M & RS LT, KR
1 ORI T TWIAERNT, BB A i 72 DIZD T
TebDTH DI, 2 OFERTIIER 20N 72 A I
LTIT 9. ZBOKEZARTRICHEGEII I 72 DI kA
WZKZWD, FNET 7 VIR CTEL L, KA 7T,
KaE—%UZHE L7z, M TIZME O NS DR N e R — A
MO —TEDRTKAZT L. ZFRICITK & RS
WL, KROKNED X DTN TN D& 51D &
N U7z KK DR EIL 23. 5L 72708, KEHFD HEEDOT
7 ) AR & KRS OB B O KR K o TKEN
L2/ ->TW5 (X6) .

_26_



Q@ #HR-ER-RE

S & ARG DB FEEB DKM ML DO FR Sy & T —
BRAOIC B L7z & 512, KoK E —FI2i Lz
3, K & DETERAUT 2B XD IR S K 912
W FRR ORI END, ZORETRy 7Y
F—F—BIBNEATDH LR TE . O
DRREEMEFFT DN TE LNy I T —F —H
GUZEDIEEAFHB T B2 6N5. 5RO ER
TR B3 5 7)1 O RREZ FRELC & 7= D 135 M 72
ST, BEEOFINCUT ST 572 OIZ1X, KA B2
STcRiEE L BRSO LERH 5.

7. X4
O]

A FIN T2 BT, S0 DS & WA TR L 720
TEEFRLT 5.

@K%

G WHENSAEE Y 220 THEER3 & [F] U5 1E T
RNTAKZ RS ALY O ST OKEL Y b &<
B E DL, BH Ny 7 TR L7 AEEI Y DT 5
I o338y ([7) . Gt & FATRAKEZ0 &L,
Rt Z1EE95.)

LESTc mOEHRHTHEC DL O

2. RE7T c mOBEMATAHEI OH O

L. EX2lcmTHHMMNBTecmDE ZATHELZD
RN

ZD3EY OEGAE TEOBE XKD EHROEAE

1810 1

1810 2

1810 3

® #HR-BR-RE
L BEOWFRITIED > T2, AL D OKMEEI D (224
72> TKALS EFH L.
2. BEDWITEED > T KALD EFIT/N S < Tz
mEHD ot
3. BED WL EED > T KOLD EH DB KE S, w7z

_27_



BEHLE o7

UEXY, T _XTOME) Y IZI 0 TR T O KD
ZESZ ENTE. LML, WTFHOBAE L, KD
PN EF LT LET2Z ERERTE, V1 &1L
B0 3T, ARIRiLD Z & D72V KPR Y &L d &
W) FERIT ORI o 7o, BIE CTIRAL 727K O &3]
NoZRE LT ENROLD DT LD, =20
8910 D 9 BALEI D 223N 7 7 o — X — B DR
I BRNLD, KDL S Z N TEHLEE %
bis.

9. SENDEE

AFEOKDFE L FFOWREE T H Z LT, Ao K
N AR 2L, LNy 7 o — X —BROFH
BUMEDS @ VR 2 RUET 5. £ 72, EBRAORER LV, &
IVIZX > CTRIBDILENEE D EEZ2BND -0,
AP TSN E WK S I8 2 dET 5. £ L
TRITHEE A L C— M2 /0D 5. S HITfh)
DERVATT LML B OAELELT 570 L
Dffkx I LRER L THD. BIX, Ny 7 7 —X—
RS wh & LA VAT L E2ET VLT D &
ThD.

10. &3k

- 01 S
https://www. mlit. go. jp/river/pamphlet_jirei/ka
sen/gaiyou/panf/gaiyou2007/pdf/c2. pdf

cBOKICEDWMNNEOEAL T ICEAT 5% %8
https://www. jstage. jst. go. jp/article/river/28/
0/28_85/_pdf/-char/ ja

« BEHE IR O EE 7 1o & A2 5 2 D AR B
https://www. jstage. jst. go. jp/article/jscejhe/7
5/2/75_1_949/__pdf/-char/ ja

cLEET—NVRIATH T
https://life. gentosha—go. com/articles/~/1107

- 2018 FE 7 H ARZENIZH 1T 5 KEDORAEER OB L
https://www/jstage. jst. go. jp/article/2019a/0/2
019a_164/_article/—-char/ja/

o [E BB X
https://www. gsi. go. jp

- B bRl - THIEFA OKRFE-F2E KAtk
B E T
https://www. giken. com/ ja/aboutus/land_collapse
/chapter02/

_28_



ADRX L HED & IO T % AT
A quadrangle with side lengths and area that are integers and

inscribed in a circle
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ABSTRACT
We defined a quadrangle inscribed in a circle whose four side lengths and areas are both integers
as a Brahmagupta quadrangle and investigated its properties.
We showed by the infinite descent method, using properties such as the primitive Pythagorean numbers,
that there is no such quadrangle of Brahmagupta whose four side lengths are isometric.
We derived the general formula for the lengths of the sides constituting any Brahmagupta quadrangle

from the general formula for the lengths of the sides of a triangle whose three sides and area are both integers.

1 FLC®IC

ADEIDPBE e ->TEY, BBPOHBEOBHE 2> TV B AR RoRLEP LRI TWS. TRNAET
HOEX, HEPEBOEGEICZED LS REAIEDRD 2 DHhRICE 2720 T 2 O ERIRD 7=, Mottt e 540
HROOEND ZHAETZ2D0ZOWMEDIENTHZ. UATFETRLOEXE ZDEFO A% RE L THUMFIE—
DICEEZLR VD THIZAET 2D DR - TERT 2. OGS, BMERDZICHIN TI7—< 7 T RONEH
W2 ZEDARETH B.

&
FHE 1.1. "n>0=MAmF
HOEX L HEN L DICEBH L 23 =ATF.
& 1.2. 75—~ ROMUAK
FICH#ELTE D, WHoEX, HE & IS E 72 5 UATE.

EFE 1.3. Fhr a5 28

(a,b,c) BFIRE X 27 ZDMTH % L id,a,b,c WEWVIZERBERBTH Y,
A+ = BEHIDOZLTH 3.

_29_



NG TTE 31
N, AR 1.4. 75—~ T x2ONRK

PSADR XD a,b,c,d THBMICNET BHUAFICENT, t = otbfetd v 32 v pumBomiE S 1,
S=t=at-bEt-)t—d

TH5.
R, gt 1.5. A X a7 2ot E

PIR a,b DBFZRZZ 22 a,b ODXMFREL D b IXEE L 35,
EREOFIRYE 2 27 2D (a,b,¢) R L, LRORXEZT, 2 m,n(m,n ZEWICEZBRE,m > n,m,n D
BEIERLZ) BEET 3.
a=m " —n
b=2mn

c:m2+n2

2 MEANEB

22 2 ‘
8 2.1. a DEBTHD L &, { ?3 j); d2c , ZW7ZTEHAB a,b,c, d(a,b,c i FHWIZHK 30, ¢, d ZEWVIZH)
a)” + =c

B LR,

(ZEW)
FROMAEET B LIREL, 2055 ¢ BN E B2 HDICOWTEET 3.
BB Y 2 05 2 OWE 2 5,

a=2KL 3a=2MN
b=K?*—-1? %LT, d=M?2—-N2?2 r7k3 K, L M NDPFEST?ZEPHE.
c=K?+ 12 c=M?+4 N?

(727U, K, L,M,N ZEAK & LM ¥ N ZHWIEK ¥ LM ¥ N OfEFZRLR5.)
¥, { SKL = MN-© DSIT 5 2 L SREL © 2T M, N ORFER D M 53 Ot e e

K2 +L2 = M? +N2 ...... @
%.
®&b,K = AB,L = CD,M = 3AC,N = BD(A,B,C, D A ,B, D & 3 DEHTHRW)( M, N ZHWC
#) 8L
ZIZTAB,C,DDWIND 2 OB HWZHETRVWEIRET S, K2 LM & N DPHWIRIIKTSDT,
AB,C,DD5HE¥D 2O HWIHTHS. £72, K ¥ LM ¥ N Of#FIZRL2DT,A B C,D D55, Wi
D1 ODBEIMEMTH .
@& D,(AB)? + (CD)? = (3AC)? + (BD)? TH %5 »5,A%(B?> —9C?) = D*(B* - C?) TH b,
A, BREVCETHE75, { B = CP =t ® ey v 5193,

B2 902 =tD?2------ ©®

t=+(B%2- 02 B%2-9C%) = £(B? - C%8) @ (" B,C Z3HWIH) THEDH,t 138 DI TH 5.
® &b ,B?=tD? (mod3) THh,
B,D 3 3 TRV S B2=D?*=1(mod3) & D ,t=1(mod3) T» 3.
Fht=-240EFADOLELIPMERENETSL,®,©%D B2-C?,B2-9C%13rb5b 8 OfEk& D,
A, DBEL L B 7D A D DPHWIZRICTE.
EoT,ADIZE ITHRTH 555,82 - C? = (%) &b ,B,C OEZEIE—HL,
B,C 1t bIB72 513 B,C PHWIHRICFEL,

_30_



B,C »HFBEBIE A B,C,D D55, WIhd 1 OBEEBICTIET 5.

koTt#+ —2,t+4TH 3.

DlEEDt=1,-8TH5.B,D M 3DFEHTHNLICHET S &,
B? =A%+ (C? N .

t=10¢ %, (Bt C,B¥3CIEHWIR)PHDILE, DLD,B?—C? & 8 DRKATE
B? = D? + (30)?

1T,

G &b AFFES S C13MER (ERTmodd £ D).

¥/ B<AB=K < K?>+1?=c.
D? = (C? + A? N o o "

t=-80Dr %, (A¥ D3A ¥ DEHWIHE)BEDILE, LD, B* — C? B3EELD,
D? = B? + (3A)?

B, C \3@&E 706 A B (EXNCmodd & D).

¥/2,D<CD=L<K?>+L?=c

XoT, EELDEHITBVTS c DRVIMEICTE L, ERE NERICX > TOREN. O

EIE 2.2. 75— 7 ROUUAERTH > CGHORE I BEERYZ 72T S OIRIFELE L.

(RIERA)
DARE,(a,b) Ta & b DERRNIBERT L LT 5.
ADEE%Z d(n—a),dn,d(n+ a),d(n + 2a)(n,a, d 3 n & a FEHVIZEK) 2 BL.
75 =7 TRDORKED,
S =d*/(n—a)n(n+a)(n+2a)=d>\/((n2+an)(n? +an — 2a2) L% DS BERTHZ2E dITE LR,
FoTd=1LTERXTE.
SHRKTHDL X,
(n? + an,n? + an — 2a®) = (n? + an, —2a?) = (n® + an,2)("." n,a FHWIIHE) TH 5.
(i) BZE a DMEBO & =
nIFFB (2 n L a lEEWICHE) XD n? + an 1 FAFE
o Tn?+an—2a%1En? +an L EVKERFTETH 2056

Sﬁfﬁéiﬁl“éb%l}:ib,{

v 7 B AMOM (k1) DTHAET 5.

n2 4 an — 202 = 2
a 13 E D 0 =2b(0 1FEER) e BE, ¥ o= (n+b)? B,
@J:b,k2+b2:x2 ...... ®/,@J:D,lz+(3b)2:x2 ...... @ TthoT,
O Tz, b PHWIETHII2HEZ 2,23 DB TH2 2 iEH D FRV.
XoTz,30 bEWVICETH 200, BHOM (b, k,x), (30,1,2) X3 DDEDHH 2 OB HWICHETH 5.
E3a & D, ©OT modd 226 b I TH 20T, ZHAFFE 2.1 ITFET 3.
(il)a HEED L =
n? +an = n(n + a) 3B
ko Tn?+an & n?+an—2a® DKL 2 TH 20 5,5 BEK DT,
{ ne+an =250 LBk, Uk, LB DTEET 5.
n? +an — 2a® = 21%...0)
ZZTn,al3EWICEID @05 a,  ZEWIETH 5.
¥72,02 n 20 TOZRXABRALALLT, Z20HBXE D 322D EZFABTHZ e BRERD
T,D=a?—-4(—a?>+1?) =9a®> + 81> &V,
FHEE 3TH RO FERIZ I THEI e 23F25L 113 DEHTHLZEHEIDLLD
(O+@)+2,(0-0)+2 &b,
n24+an—a?=k2+102.06)
{ n? +an — 2a? = 212..0
ThH5.

@D ,a2+12=k2THD,a, WEWZETH B0 5,(a, 1, k) ZFIY X35 28

_31_



LoTaPaTHEZenb,

a=M?— N?
l=2MN (M, N I ZBEREM, N \ZHWICE M, N OfFIZELR 5.
k= M?+ N>

EBUIBLE3DOEHBED M,N DL Lh—HDAD 3 DEHTH 2.
@IRMRALT, n2+ (M2 -~ N?)n— (M? — N?)2 = (M? + N%)2 + 4M?N?
B CTn?+ (M? — N*)n —2(M*+2M?N? + N*) =0
COHRIRE D 2T 5.
D' = (M? — N?)?2 4-8(M* 4+ 2M?N? + N*) = (3M? +2MN + 3N?)(3M? — 2M N + 3N?)
ZZTC,A=3M?+2MN +3N? B=3M?—-2MN +3N?(>0) £ BL &,
A—B=4MN T,A B2, M,N t H\NZHEEID A BIZHEWIETH .
D' EHBTHEI %2 5E258,A=52 B=1t*(s,t FEARK) tBIF3.0%D,
{ 3M2 + 2MN +3N2 = 52..0)
3M? —2MN +3N? =t2..®
M, N OMFED & M 25 3 DFEFELN 533 DTV T 5 .M = 3m(m 38E) £ 5Lk,
®,0&D,
27m? + 6mN + 3N? = §2
{ 27m? — 6mN + 3N? = t2
®+® &£b,3x2(M?+ N?)=32(s2+1?) T,M?> + N? 13 3 DFETHR VD TFIE.
(i),(il) &b, REN. O

TH3.

725,85, t 1% 3 DREEIT,s = 3s',t = 3t/ (s, ¢/ 1I3EER) v B 5.

7o, MABHILTOREZEZ T,
% 2.3. ORI DHEGE AL 2277 —< 7T ZDOIUHIBIIHFEL L.

(ZEW)
WoEX%En—-1nn+1,n+2 8L
(-Dint(IDI0E2) _ 9 41 k0, 75— ZFRORRS S, il S 1,
S=/[@n+D-m-Dlln+ D) -nl@n+1) -+ D2n+1) - (n+2)]
=+/(n—=Dn(n+1)(n+2)
=m2+n+1)2-1
E0.8% =(FHE) -1 KD, 2DE5% (n,S) BFELRWZ L dbh 3 O

B 2.4. DORESHPINTREAOES VR ITNTT 7 -~ T ROMALTH %

TRTORGETHNT 7 —< 7 FZOWEMAIEOAD RS IZULTOEHBOMD TN 22 @UNAHEE T 2
ZeTRshs.

(n(m? + h2),rm(n? + h%) — (m + n)(mn — h?),r(m + n)(mn — h?) — m(n? + h2),rn(m? + h?)),

(m(n? + h%),rn(m? + h?) — (m +n)(mn — h2),r(m + n)(mn — h?) — n(m? + h?),rm(n? + h?)),

((m +n)(mn — h?),rm(n?® + h2?) — n(m? + h2),rn(m? + h%) — m(n? + h?),r(m + n)(mn — h?))
(m

mn > h?> 2’:1;1”, m=n, m,n, h ITAWICRRBRE, r FEER)

(RIERA)
4ADREN a,a,b,b DRI DEEZ ab TEZ 5N 2D T,a,b DBE L HI1F ab DEHTH 5.
EHETHRWT S5 —< 7 7 Z2OMAIE ABCD I LT, HiARDPHRL L —DFEETII D,
MFELD LB DBATHZ LT 5.
FICNIZ S 2UATEOME» S, LA+ L0 =180°TH D,
LA ZLCDEELPIE00° UNTHE2000MEXD ZhE £C T 5.

_32_



AD : BC =1:r(r (3B ¥ LT, H# AB,CD O0%f% P v $2%, APAD oo APCBTH D, Ml 1 : 7
TH5.

L7 - C,AB,CD, faf; ABCD QWP TH S 6, APAD FLOEX, HESEHBO=AKTH
5.

A8 Y OEMEOWED S APAD OIOE S 3AEE s ZHWT (sn(m? +h?), sm(n? + h?), s(m+n)(mn — h?))
LFHT,

AD = sn(m? + h?),sm(n? + h?), s(m + n)(mn — h?) DZNZNDOEHEIK L THARK ABCD OUDEI2RT
g,

MLV D s 5031850 5. O

3 SRORE
LR A TRE T 7 —< 7 T RO E RODRBL, 3 Y E 2 — 2 SE MV TIOMEIC OV TEET

5.
R ZOHANIEDEA T E DN OVWTERT 3.

4 HEF

KFFeeED 512570, THE, TS W WIRER R A LA - [BHMARH A3 O KU RIAEUR,
RIBAA ARFETZ QYT 4 TANA FH A 22 REROPEFPRABRI, B EH#HZH L LT HT.

SE X

(1] B - £ 62 F ~1 > O =AJF https://wkmath.org/heron-f.html

[2] Joyce,D.Ehttps://mathcs.clarku.edu/ djoyce/java/elements/bookX /propX29.html

_33_



Ji T v S B AR B APR 5

BANDEGIRIEERRT HT-HD
QEBFZAVHIAIDREHREICONT
Study on Environmental Setting for Independent Al
Using Q Learning to Solve Tasks that Require Cooperation
RitEk

BSOS ENES BPER JFROKES AR E

Otsuji Shigetoshi Sakai Yukiko Tauchi Tomoya Tanaka Motoki Hara Sotaro Wakabayashi Shingo

EH
QFEHITINEOK DA DI LEN > THEBREICARDLD, HEOZ -V hOFE T DN AREDOH
ERFENHOVLNDN, =20 —MIICHERLTEHZIT, ARMPABREORXREZHEYICHETHZ LT
MhHELEESTHEZR 27V TTH5IENTELOTRANNEEZEZL. EROME, QFE LM OTKS
T4 Y —DfTHEBE LRV 2 00—V 2y M, BRBERECHMBEEITL > THINLERZ AT &%)
R SELHERST Z LN TEE

ABSTRACT
Since Q-learning becomes more difficult as the number of states increases, advanced methods such as DQN are used for learning
multiple agents. We hypothesized that even without using advanced methods, agents could complete tasks that require cooperation
by learning to focus on one part of the game and allowing humans to set up the environment appropriately. As a result of the

experiment, we were able to show an example in which two agents, which do not consider the actions of their allied players, were
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able to efficiently solve a task that requires cooperation by setting the environment and rewards.
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2023 Science and Mathematics research Presentation Session

The Relationship between Metal lons in Aqueous
Solution and Survival Time of Planaria

Zeze High School , Biology
Tomoki Okui ,Ryota Kataoka ,Hirotaka Kondo,
Mizuki Hayashi, Saki Miyamoto

SUMMARY

When planaria was added to three types of sodium
chloride aqueous solution, potassium chloride
aqueous solution, and calcium chloride aqueous
solution, the survival time became shorter as the
molar concentration increased, and for each
aqueous solution, the sodium aqueous solution
was the most viable, and the potassium aqueous
solution had a short survival time. Analysis based
on the characteristics of each metal ion suggests
that the survival time is related to the ease of
uptake of ions into the body

PURPOSE - HYPOTHESIS

* Flatworm; planaria is included
—gains nutrition by diffusion
* Previous study;
When planaria died, they lost sodium ions.

Diffusion has an apparent effect
—Substances of breeding liquid or its molarity
influence planaria.

We've researched about the effect of metal ions on
planaria

PREPARATION

Planaria we used :
Platyhelminthes, Rhabditophora,
Tricladida, Dugesiidae,

Girarda tigrina

EXPERIMENT

How metal ions and molarity of solution influence
on planaria.

?

@ Type of solute
e Sodium Chloride (NaCl) .
e Potassium Chloride (KCl) .
* Calcium Chloride (CaCl,)

Easy to treat
Relate to support life

@ Type of molarity
0.05,0.10, 0.15, 0.20 [mol/L]

{Method)
(@D Measure aqueous solution 6ml with pipette and put
into a small petri dish containing one planaria.
(2 Observe it. When it stop their move, judge it by
“death judging”.
(3 When it die or pass two hours, the observation finish.
* Experiment 4 planarias each aqueous solution

(Definition))

Dead Alive

Poking planaria with glass
rod 3 times

‘ No Reaction

Irradiating it with UV rays

‘ No Reaction

* Why use UV rays:
Planaria avoids light especially UV.
Don’t show avoid act under the UV rays
=Planaria become weak.
(We use blacklights which wavelengths is 365 nm.)

Looks weak'

” N\
(0]

Planaria keep moving
for 2 hours.
(can’t judge dead)

No action

(
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Arrival time ()min

RESULT

NaCl aq | KCI aq | CaCl, aq

All Alive

0.05  AllAlive

0.10 AllAlive 35.5 62.7

0.15 6'7.75 19.8 2.7
0.20 43.75 8.0 4.25

* The numbers are average of 4.

Wy @ * NaCl I
. ARAGE
100 \ \\ Kcl :(L&?I‘V"l )
N\ \
80 Ji So ® CaCl, ' 5
~ pNO]
60 ~
~
~
40
-~ -
20 [t
(o]

120
100
80
60

40

lon concentration(mol/L)

{visual discoveries)

* In CaCl, aq, planaria
twisted its body.

* In KCl aq, it shrank itself.

* In high concentration of
NaCl aqg and KCl aq, its
body part which is similar
to our throat..

CONSIDERATIONS

® Planaria
—affected by changes in the type of metal ions
in the aqueous solution and their concentration.
® the stretching of the pharynx
—observed in planaria in aqueous solutions
at high concentrations
— the pharynx is used to regulate the body
when faced with excessive environmental
changes ?
® the elongation of the pharynx can be a sign that
you are in a critical situation.

® The survival time of NaCl and CaCl.

—almost the same

—Na" and Ca?" are considered to have no
significant effect on growth.

KCI had a clearly shorter survival time

—K"* =the function of causing the loss of
important substances in individual planaria ?
® Calcium affects muscle relaxation.

—acts on muscle cells on the pharynx
—make weak the ability to stretch and
maintain muscles.
® In the potassium aqueous solution
—the survival time was shorter than that
of the other two aqueous solutions
even at low molar concentrations,
—potassium ions were easily absorbed
into the body.
® —Compared to sodium ions,
it is thought that the size is larger,

easier to flow and penetrate into the

body.

when planaria is originally put into an aqueous
solution of metal ions,
—pharynx stretching is observed

—a marker that planaria in the critical situation
—The survival time in the calcium solution

— longer than in the potassium solution

(can observe pharynx stretching)

=»concluded that pharyngeal elongation does
not directly affect survival time

FUTURE TASKS

Search reason why the body showed twisting
movements only CaClzaq.

* Increase the number of experiments to obtain
more accurate experimental results.

REFERENCES
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Shiga prefectural Zeze High School Chemistry Group 2

The Effect of Keratin on Fuel Cells

Yuki Kato Honoka Tsuji Yuki Higashiyama Hina Wakinoue

Introduction L
Currently, phosphoric acid solution and alkali (s) Propeller Rotation time
aqueous solution are mainly used as electrolytes in it 78 74.75

80 68.4
fuel cells. Therefore, when we learned about a fuel 70
cell using keratin, which is routinely discarded, as o 4008 045
. . . 38.23 35.67 38.63 -
an electrolyte, we decided to investigate further. 40 338 —e

Experimental results showed that the use of keratin ot 215
had the effect of sustaining the fuel cell. The keratin 10
was found to be effective both when used for

First time Second time Third time Fourth time Fifth time
charging and when used for discharging, and the
white solid derived from keratin was found to have _
an eﬁ_-ect When Charging. e=@e=KeratintH2504 ==8=H2504
Experiment 1 Consideration :

Keratin makes fuel cells last longer.
Also, the white solid generated at the
anode is keratin or a keratin-derived
peptide. Since the oxygen generated at the
anode was kept on the carbon rod by the

Purpose . Afuel cell using keratin as an
electrolyte and a fuel cell using K2SO4 as an
electrolyte will be created, and the results will be
compared to confirm performance.

Method : white solid, oxygen could be used for a
DOWe electrollyze the solution. long time, and the propeller rotated for a
Electrolyte : keratin + K2SO4 long time.

K2S04
@ After that, the circuit is reconnected and the Expe riment 2

voltage, current and number of seconds in which
the propeller rotates are measured.

(As shown in Figure 1) Pu FPOSE . Identification of white solids

Method : an aqueous solution is

electrolyzed using an H-shaped tube
to collect a white solid.

iinii THT
= =

Confirm the presence or absence of
protein by xanthoprotein reaction and
biuret reaction

%

AFigure 1 APicturel

Result - Consideration :

Result : The keratin-based fuel cell rotated There was a reaction to both

the propeller for about 20 seconds. The solid is likely to be keratin or a  APicture 2

AI,SO’ d““”g t.he electr.oly3|s OT an 39“90“3 peptide consisting of three or more amino acids
solution containing keratin, a white solid was in which keratin is broken down

generated from the anode.
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Experiment3 Result :

Average of propeller rotation time (s )

Purpose : since it was found that Condition1 3.24 3 For condition 3,
keratin contributes to an increase in the " when the
rotation time of the propeller in a fuel cell, Condition2 3.96 experiment was

it is clarified whether it acts during storage Condition3 5.08 re-tested due to

or discharge. - :
Condition4 5.29  theinadequacy of
the experimental

Method . Condition5 5.38 equipment, 11.58s
Separate the electrodes with a cellophane film was recorded

and prepare an experimental apparatus as shown

in Fig. 2 . . _ Consideration:

@The carbon rod is placed in a beaker containing | g The rotation time of the propeller in conditions 3,

an aqueous solution for energy storage, and 4, and 5 is longer than in conditions 1 and 2.

electrolysis is performed for 3 minutes. —Generates a white solid during charging,

@The carbon rod is transferred to a beaker for contributing to an increase in the rotation time of

discharge and the circuit is connected to act as a the propeller

battery. — There is also a positive effect on the increase in

At this time, the rotation time of the propeller is the rotation time of the propeller during discharging

measured. LIt may promote some kind of response
Cellophane Re-experiment condition 3
membrane — It has only been a short time since the wool

was hydrolyzed
— White solids might be easily generated.

Conclusion

B |t is possible to fabricate a fuel cell using keratin
B The generation of a white solid during charging
has a positive effect on the increase in the rotation

Storage | Discharge

AFigure2 APicture 3 time of the propeller
The conditions are as fellows B There is also a positive effect on the increase in
Try 5 times each Condition1 the rotation time of the propeller during
discharging
Condition LIt may promote some kind of response
Yellow : Including keratin »
White : Without keratin Future Research
Condition2 Condition3 B Unravel how keratin works during discharge

|M‘ » References
» IARIEm A FE > THREBEL LD |
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2022 Science and Mathmatics Research Presentation Session

About the relationship between paper drying time

and wrinkle height

Chemistry Group 3

Reo Ishimitsu Naoki Komatsu Yumi So Junsei Matano Mana Narita

Summary

We hypothesized a relationship between the ease of
paper wrinkling and drying time, prompting us to
conduct experiments comparing wrinkle height at
various drying times. Our findings revealed an inverse
correlation — longer drying times corresponded to
lower wrinkle heights, whereas shorter drying times
were associated with higher wrinkle heights.

Introduction
@ Water Drop:
Water molecules permeate 9 *KO\
the hydrogen bonds between o W Tww
3= % - r e i 0\ /“
cellulose molecules. AR 4/ RO Ll
FATEV AN R AN el
e it R gl ARG e
@ Drying: il S
As water molecules are N Sy
extracted, cellulose molecules  o© /'l
. . H,-a *
re-establish connections o o

through hydrogen bonds,
causing a shift from their
original bonding arrangement.

Previous research

When pressure-drying wrinkled paper with drops of
ethanol at various concentrations, we compared the
restoration rates and observed differences among

them. The graph indicates that the restoration rate is

highest at a concentration of 25%.
100 X Definition of restoration rate[%]

‘ ={(b-c)/(b-a)}x100
%‘ 80
a

a: The height of a set of pieces of
paper strips in their original condition
0 5 50 ™ 982
I 57— WiREM%)

b: The height of one set of a pieces of
paper strips in a wrinkled condition

c: The height of a piece of paper
strips after pressurization

Experiment 1

(1)Purpose
Examine factors that change drying time.

(2)Method 3s
C
3cm| @ B
water

Result 1

Graph [1] Relationship between temperature
and drying time

18000
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14000

= 12000

10000

8000
6000
4000
2000
0

0 5 10 15 20 25 30

Temperature (°C)

m around humidity 30%

e around humidity 50%

Drying Time

Graph[2] Relationship between humidity and
drying time (around 20°C)
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12000
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0
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Experiment 1

Purpose:

Examine the relationships between paper
drying time and wrinkle height.

Wrinkle height measurement

A+ B 1
X —0.2
2 10
10 sheets Bmm Amm
Result 2
2.5 e wrinkle height
2 ‘ e outliers
E 1.5 RN
E os
2
0
0 5000 10000 15000
Drying Time(s)
References
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2019Qui zKnock

https://web. quizknock. com/kamishiwa
- REEEBEEORERK

https://www. apiste. co. jp/contents/precision-

air-conditioning-navi/library/humidity-about/

Discussion

Graph [3] indicates that wrinkle height
decreases with increasing drying time,
while excessive drying time leads to an
increase in wrinkle height. However, due to
insufficient data, a definitive correlation
cannot be established. Utilizing the data
from this experiment, we also constructed
graphs to illustrate the ‘relationship
between temperature and wrinkle height’
and the ‘relationship between humidity and
wrinkle height.” In both cases, a correlation
was observed. Consequently, it is
challenging to ascertain whether drying
time alone influenced the paper’s wrinkle
height. Other factors, such as the
environmental conditions during the drying
process with varying temperature and
humidity, may have contributed to
determining the paper’s wrinkle height.

Conclusion

Wrinkle height decreases with extended drying
time and increases when the drying time is
excessive.

Future prospects

* Obtain a greater amount of accurate data
by meeting the specified conditions.

* Investigate whether changes occur based
on paper size and type.

* Examine the relationship between ethanol
concentration and evaporation time to
ensure consistency with conclusions from
previous studies and the current.

A RIDETADE & D ETEDHICIRDEEIBHRE22
| DEESRE]
https://www.agri-note.jp/2018/06/fb-archive22/

A RIS ADE & D EIEDICIRDEZEIFIRSE23
[ [fEfkESE]
https://www.agri-note.jp/2018/06/fb-archive23/

- BNTEVPDONDET  Part3 —ZFEFRESbE—
https://gakusyu.shizuoka-
c.ed.jp/science/sonota/ronnbunshu/041007.pdf
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Shiga Prefectural Zeze High School Team 4

Relations between icicles and inflow/concentration

Junya Yamaji

due to brinicle phenomenon
Riu Kikuchi

Kentaro Nasu Tomoyuki Maruoka Yugo Yasui

- Summary

: We were impressed by brinicle phenomenon on TV and thought about how to reproduce it.

: We practiced experiments based on the idea that there is a relationship between :
: brine concentration / inflow velocity and the formation of icicles and found that icicles are formed

: when the brine concentration and inflow velocity are within a certain range. :

: About brinicle phenomenon
. The brinicle phenomenon refers to the

: formation of icicles in the sea. Brine produced
: during the formation of sea ice flows into the  ::
: sea, and the brine cools the seawater. And the
seawater is below to its freezing point, an |C|cle
: is formed.

. Q
seaice 94 % %% .
brine
seawater '
¢

Teston-Martinez et.al , The Cryosphere (2023)
https://doi.org/10.5194/tc-2023-100

 Experiment @

: Purpose:

. To test whether there is a relationship

: between brine concentration / inflow velocity
: and the formation of icicles.

: Method:

: 1. Cool seawater (concentration 3.40 wt%)
: and brine to their respective

: freezing points.

: 1. Pour seawater into the prepared container ::
' and set up the equipment in the freezer.
Pour seawater and brine into the
equipment and leave it in the freezer for 15
minutes.

3 Check to see whether icicles were formed.

: Conditions:

-Keep the brine inflow velocity constant
and vary the brine concentration. *1

: -Keep the brine concentration constant

and vary the brine inflow velocity. *2

Experimental equipment:

brine
PET bottle ws

straw e——
£y {u—- toothpick
Icicle forming — |

4 cca water

: Results:
2 *1 result

Icicle

forming o O

It was formed when the brine was

X X

15 wt% and 20 wi%.
: "2 result

Icicle forming

XOOX

It was formed when inflow velocity is 0.9

mL/s and 1.07 mL/s.
: Considerations:

When the brine inflow velocity and brine

concentration are within a certain range,
;; icicles are formed.
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......................................................................................................................................................................

. Experiment®@ P =25

: Purpose: - 200 ox

. We verify the detailed range of P =5 ,. .
conditions which icicles are formed. E; 1 \

: Method: L8 .

: 1 .Prepare seawater (3.40 wt%) and brine =

: (10.0, 15.0, 20.0 wt%) % ’ 0506070809 1 1.112131415161718 |
: 2. Each liquids cooled to near freezing point > :

Inflow velocity(mL/s)

3. Pour seawater into a container and @Formed
: place the equipment inside a freezer 98 Not formed
Y eave i the feeser o 15 minuies - CONSiderations
5 e 55 At 20.0 wt% and 0.84 mL/s, no icicle was
: 5.Check whether icicles are formed G
: . ) ormed. We believe this is because the
- Experimental equipment: temperatures of the seawater and brine were
' i not cooled to freezing point.
® brine Based on previous research and graphs, we

weight

belleve that above 9.0 wt%, there is a certain
: range where icicles are formed regardless of
i the inflow velocity.

seawater

.........................................................................................

Conclusmn
. We thought conditions for the formation of
icicles are that brine concentration and brine
¥ : inflow velocity are within a certain range which :
the graphs show. :

Futu re prospects
: Results ;- + Improve the equipment to ensure a steady flow of

£ 10.0 wt%  water

- Increase the number of experiments to obtain more :

Inflow velocit  data.
(mL/s) < - * The range of inflows and concentrations that help
: form an icicle have to be more accurately verified.

syringe
rubber band
toothpick

Icicle forming :: - Notice whether an icicle is formed by math.
: Research about unknown icicle conditions of
o R LI LT T T T e LT P e TP PP E e e PEC TP L EEU PP EEEUPRITEECORRIRRECERS ;
- 15.0 wt% References ;
H Inflow velocity . BEEYIEEEESDS [FEDD55] . iiNdt
] (e 0.87 @%—ﬂ?hﬁb’d%%ﬁ@ﬁﬁiﬁgﬂ FBrinicleJ G
1) :

*xfiyﬂlﬂu% ELTE
0
:20.0 wt% . hitps://doi.org/10.5194/tc-2023-100

[ D51 =) LTS ]
i Inflow 457K GBK) HBBIma 2011448138 &
| velocity(mL/s) %F%%E.‘B
L TOTINA AL RS T RA

. Icicle forming https //karapaia.com/archives/52050749.html
3 .Sergio Teston-Martinez, Laura M. Barge, Jan
E|chIer C. Ignacio Sainz-Diaz, Julyan H. E.
https //www.nodai.ac.jp/research/teacher-
column/0263/

F 2. 4bEEK AR S B, R IS, AT IE R, 20184, AR
Cartwrlght The Cryosphere (2023)

IC|cle forming



Shiga Prefectural Zeze High School

Team5

Research of The Rolling Motion
of Container Filled with Liquid

Fukuda Ryoma

Takama Kazuha Minami Daiki

Yamakawa Kotaro Watanabe Yuma

Introduction

We were interested in how a container
filled with liquid rolled on a level floor.
Previous studies had shown that there is
some relationship between the viscosity
of the liquid and the distance the
container travels as it rolls. Therefore, we
decided to investigate the relationship
between the viscosity of the liquid and
the rolling motion of the container,
focusing on the distance the container
travels as it rolls.

Definition

Travel
distance
T distance

Inclination
angle i

Experiment 1

starting point

[Purpose]

To determine what the relationship is

between viscosity and changes in travel

distance when there are large differences
in viscosity by examining and comparing
the travel distance of containers filled with
liquid in cases of widely differing
viscosities.

[Method]

(1) Examine the travel distance of three
types of container filld with liquid:
ethanol, water, and glycerin.

Unifying conditions: Inclination angle,
starting position of the roll, volume,
container
(2) Define “viscosity” of each liquid.

(3) Compare the viscosity and travel

distance of the three types of liquids and

_63_

find the relationship between the
difference in viscosity and the change in
travel distance.

1 Definition of viscosity

1mL of liquid is dropped onto the slope
of an acrylic plate (Inclination angle

5.7° ) and allowed to flow 10cm. The
time taken for the liquid to flow is defined
as the "viscosity" of the liquid.

The unit is [second].

i 10cm
acrylic plate 57°
[Result]
Travel
Liquid Viscosity [s] Distance
[cm]
Ethanol 3.73 180.2
Water 10.52 165.4
Glycerin 373.13 91.31

[Discussion]

- The greater the viscosity, the shorter the
travel distance.

*When the container containing glycerin
rolled, the liquid showed a unique
behavior.

Glycerin sticks to the
inner wall until just
before stopping
=Does this affect the
travel distance
influence the travel
distance...?



Experiment 2

[Purpose]

To investigate the relationship between the
rotational motion and viscosity of a container
containing glycerin, which is very viscous
compared to other liquids.

(1) Increase or decrease of travel distance due
to viscosity

[Method]

The forward rolling distance of containers filled
with two different liquids, glycerin and ethanol,
was examined. The inclination angle was set at
14° and the rolling was made from the same
point so that the mechanical energy was equal.
[Results] (Numbers are travel distances.)
The higher the viscosity, the shorter the travel
distance. = More energy is consumed

glycerin(cm)

ethanol(cm)

ﬂﬂ-ﬂﬂﬂ
137 129.8

371 373 372 372 370 364 3708

(2) Change in container behavior due to viscosity
[Method]

1) Prepare 180 mL of a mixture of ethanol and
glycerin, and roll it down a slope.

2) Observe the rolling behavior and compare it
with that of glycerin. Observe how it rolls and
compare it to the glycerin.

3) Change the mixing ratio and repeat the process
4) Examine the viscosity of the mixture and
compare it to that of glycerin. See if the viscosity
of the mixture shows the same behavior as
ethanol or water.

[Results]

Until the viscosity reached 62.46 seconds, the
mileage decreased with increasing viscosity.
Once viscosity exceeded 123.6 seconds, the
mileage began to increase with increasing
viscosity.

Viscosity[s] | 373 | 418 | 1045 | 20 |

The scatterplot of the obtained table is shown
below. (The above is the correct relationship
between increasing and decreasing distance
traveled as a result of a one-tailed test at
99%.)

250

= N
g O
o O

o0

[ ]

T distance [cm]
o o
o o

0

0 100 300 400

viscozsqpy [s]

[Discussion]
After 123.6 seconds of viscosity, the distance
traveled began to increase.
=The viscosity increased and the liquid began
to adhere to the inner wall.
=This is similar to the behavior when a
container is filled with liquid.
=The larger the viscosity, the longer the time
for the liquid to adhere to the inner wall.
When comparing the moment of inertia around
the center of the bottom of the container, the
moment of inertia is smaller when the
container is attached to the inner wall than
when it is normal.
=The container is more likely to rotate when it
is attached to the inner wall.
[Future Prospects])
- Clarify the specific value of viscosity at which
the increase or decrease in travel distance
changes.
*Investigate what happens to the point of change
in the increase or decrease in travel distance
when the angle of inclination is changed.
* Confirm that there is a limit to the viscosity at
which the travel distance increases.
»Conduct experiments while changing the initial
speed to identify the range of viscosity at which
the liquid adheres to the inner walls of the
container.
[References]
The 39th National High School Comprehensive Culture
Festival
Ikeda Gakuen Ikeda High School Science Team (5)
Why do polyethylene bottles falling down a slope have
opposite directions?

Physics] "Fundamentals of Physics Calculation
"Fundamentals of Calculation of Moment of Inertia"

T distance 180.2 196.3 1654 130.6
[cm]
mmmm
79.5 : 62.8 443 505 413
mm

525 563 616 706  91.31

(study-satellite.com)
Accessed January 19, 2024.
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Shiga Prefectural Zeze High School Earth Science Group 6
Modeling of Backwater Phenomena and Disaster Mitigation

Between The Tama River and The Hirase River
::Junnsei Ajiki  Miku Kakizoe Kaho Taniguchi Yukino Miura Utaha Yamada

Introduction

In recent years, localized heavy rains have
caused flooding in many places. One of the
causes of this is the backwater phenomenon. We
built a model that reproduces the backwater
phenomenon and researched ways to reduce the
damage.

Backwater Phenomenon Result & Consideration:

When one side of the table was raised by 5 cm
and the sub stream was raised 8.5 cm from 110
cm from the confluence, the sub stream could
not flow into the mainstream, and the BB bullet
jammed and overflowed in the upper reaches of
sub stream.

When the mainstream ended, BB bullets began
to flow, indicating that sub stream was blocked

<4 Model

Normal Water level of Water of sub ;
mainstream rises stream can’t flow by the flow of the mainstream.
Advance Preparations Problem:
Experiment under the same conditions again, we
The width, depth, and confluence angles of the can’t get the same result.
Tama and Hirase rivers were measured using a The number of BB bullets overflowing was small,
map of the Geospatial Survey Institute of Japan. so it cannot be evaluated by the number of
The outline of the river is made from milk cartons. bullets.
. BB bullets cannot reproduce the rise in water
Experiment® level.
— Stop BB bullets and use water
Purpose:

Check the model to see if flooding occurs because Experiment®

of the backwater phenomenon.

Method: Purpose :

Based on the information measured in the Investigate whether it is possible to reproduce
. _ o the backwater phenomenon when using water.
advance preparation, the outline of the river is

created with milk cartons.
BB bullets are used instead of water because of Method .
the advantages of being able to distinguish the i

? In the mainstream, water is stored in a tank to
color between sub stream and the mainstream,

raise the water level.

and being able to evaluate by the number. There is almost no slope in the experiment with
Flow BB bullets from the mainstream and sub water.

stream at the same time. The slope of them is The sub stream continues to flow directly from
changed, and experiment. the hose.
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4 Mainstream

4 Model with
water

Result & Consideration:

The water level in the mainstream temporarily
increased.

The leaves that run with the water from the
sub stream did not run into the mainstream at
the confluence, and runed back through the
sub stream, so that the water also flowed back
through it.

Experiment®

Purpose:

Prepare three types of partitions and add it at the
conference, find which one is most effective for
disaster mitigation.

Method:

Make a partition of a milk carton and put it at the
confluence.
1, 7cm long, straight and parallel to tributaries
2. 7cm long, straight

Angle of 30 degrees with sub stream
3, Curved with a length of 21 cm

Result & Consideration:

1.The leaves did not regurgitate.
The water from the mainstream hit the partition,
causing the water level to rise and overflow.

2. The leaves did not regurgitate.
The rise in water level was small, and the
overflow was small.

3. The leaves did not regurgitate. The water level
rose significantly, and the overflow was large.

From the above, when all partitions were added,
the backflow time was shorter than when there
were no partitions.

In addition, the amount of water overflowing
from the confluence was the lowest at partition 2.
In other partitions, the installation of partitions
resulted in more water overflowing.

Conclusion

We were able to reproduce the backwater
phenomenon with a model. In addition, it was
found that by placing a partition at the
confluence that makes it easier for tributaries to
flow in, it is possible to reduce the damage
caused by the backwater phenomenon.

Future Research

By improving the way water flows in the
mainstream, we will increase the time it takes for
the water level to rise at the confluence , and
produce a model with a higher reproducibility of
the backwater phenomenon.

Further, from the results of Experiment 3, it is
considered that flooding of the mainstream occurs
due to the partition, so the partition is improved so
that flooding does not occur in the mainstream.
Then, increase the number of trials.

In addition to attaching partitions, try various
devices such as changing the angle of the
confluence.

The aim is to model that prevents backwater
phenomena and prevents flooding.

References
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- __ A quadrangle with side lengths and area
— E —= that are integers and inscribed in a circle
Mathematics Group 7

Kosaka Yuiki Anezaki Itsuki Kobayashi Shoma Watanabe Ayata

Summary Prerequisite Knowledge 2

There is no quadrangle inscribed in a
circle whose four sides and area are [primitive Pythagorean numbers]

both integers with a constant difference --Pythagorean numbers in which

in length between the four sides. .
We also know how to construct any three of the numbers are coprime.

such quadrangle. {property)

Primitive Pythagorean numbers satisfy
a? + b? = ¢?

from symmetry of (a, b, c)

* Attribute integer and rational number If b is an even number, then
problems to graphic problems
- Extend Heron's triangle to

quadrangles b = 2mn
c =m?+n?

However,m > n > 0 are ineger. m,

A quadrangle with side lengths are prime to each other
d h . q The even-oddness of m,n is
and areas that are integers an different.

inscribed in a circle is defined as
Prerequisite Knowledge 3

Objective

a = m? — n?

a Brahmagupta quadrangle.

Prerequisite Knowledge 1 [Discriminant]
--A back-order method using the

[Brahmagupta’s formula] fact that there is always a minimum
If the lengths of the sides of the rectangle || in the set of natural numbers. For
inscribed in the c!rcle are a,b,c,d jthe any natural number m satisfying
area of square S is expressed as condition A, if there exists a natural

S=,(t—a)(t—b)(t—c)(t—d) number n satisfying condition A
However, ¢ = &bre¥d v such that m<n, then there is a

2 contradiction because there is no
minimum value in the set satisfying
condition A.
b

- Re-examine the Brahmagupta quadrilateral in the way of constructing it,
and discuss other properties of the quadrilateral using computers and other
means.

- We will discuss why this method of proof is applicable.




When the lengths of the four sides

are four consecutive integers

When the lengths of the four sides
form an equi-difference sequence

[conclusion] There is no inscribed
quadrangle whose four sides are
consecutive integers.

[proof] Set the four sides
asa-—1,a,a+1,a+ 2.
From Brahmagupta’s formula

S=,/(a—Da(a+ 1)(a+2)
= (a?+a—2)(a%+a)
= \/(az + a)?-2(a? + a)
=J(@+a—-1)2-1
Therefore, S is not a natural number.

[conclusion] There is no inscribed
quadrangle whose four sides have
equal numbers.
[proof] Set the four sides as n—
ann+an+ 2a.

S = \/(n —a)n(n + a)(n + 2a)
=/ (n% + an)(n? + an — 2a?)

Think about the greatest common
divisor of two numbers.
gcd(n? + an,n? + an — 2a?)
= gcd(n? + an, 2)

On how to construct a Brahmagupta

gquadrangle

Divide the cases based on whether
n*2 4+ an is even or odd.
)If n2 + anis an odd number.

* Infinite descent
— Contradicts the minimality of
natural numbers.
i)If n2 + an is an even number.
* Discriminant
— Pay attention to the integer
condition of n.

In the left figure ,by/\PAD< /\PCB,
from Brahmagupta’s quadrangle ABCD,
It is possible to create a /APAD where
each side has a rational length and area.
Since such a triangle is generalized, any
Brahmagupta’s quadrangle can be
constructed from it.

References
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— Zeze high school Informatics Group 8

Study on Environmental Setting for Independent Al
Using Q Learning to Solve Tasks that Require Cooperation

Otsuji Shigetoshi, Sakai Yukiko, Tauchi Tomoya, Tanaka Motoki, Hara Sotaro, Wakabayashi Shingo

We considered that an Al that is incapable of
considering the actions of its peers can be made to
complete a task that requires cooperation by a human
appropriately setting the environment.

Experimental results showed that the two Als were able

to efficiently solve tasks requiring cooperation by setting

the environment and rewards.

{ .
4.Experiment 1

Find out how Als with Q learning behave when you
let them play Rodent Rundown.

Purpose

We test 1000 games with the rule that a mouse

escapes from a player when the distance between
the mouse and either player is less than 2 squares, within
a moving distance of 2 squares. The number of steps
taken to catch the mouse is examined and compared with

We became interested in cooperation among Als based
on the research into communication among Als, and
started to study it. However, we thought that even a
simple Al (Q-learning), which cannot consider the
movements of its peers, can be made to solve tasks that
require cooperation by devising an environment setting.

the number of steps taken when the mouse acts

completely at random.
@ Average number of steps (per game) : 52.72
During random action :98.65
Players 1 and 2 followed the mouse along the shortest
route. Occasionally, the mouse was caught by the pincer
movement, but it was not efficient because the two
players sometimes took the exact same route.

Cooperation essential task:Rodent Rundow

x4
(from Nintendo, Wii Party) @

slower

@nrayer1 (A)
.player 2 (Al

‘chase

mouse (XAl)

Direct solution of letting the
opponent's movement be
taken into account X

) If we make the Al recognize the
companions as obstacles and
prevent it from choosing a route
over the opponent, the player will
be able to play a pincer attack.

5.Experiment 2

We investigate the effectiveness of a method to
make an opponent recognize an obstacle as an

Purpose

Each player moves one square up,
down, left or right per turn (1 step)
Catch the mouse or 100 turns have
elapsed

= 1 game number of steps

We want to have the game cleared in
fewer steps

Each player learns with Q learning

setting up the
environment
appropriately
because the
opponent's
movements
cannot be taken
into account

humans(not Al) player2(Al)

Resolve tasks by

obstacle.

@ The same procedure as in Experiment 1 is used,
except that the players are made to recognize
each other as obstacles and are not allowed to be in

the same square.
@ Average number of steps: 16.67
Compared to Experiment 1, the average number
of steps decreased by approximately 70%.The pincer
behavior was promoted.There was 447 game out of 1000
games in which the mouse was not caught.

The method of recognizing the mouse as an

- obstacle is quite effective.lt may be possible to
make the game clearer more efficiently by changing other
environmental settings such as reward settings.
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® 6.Experiment 3-1 ==  8.Reference value measurement 2

\, Toinvestigate whether changing the reward & 43? We confirm the effectiveness of the method used

. setting causes role-sharing and whether role- “ in the experiments by measuring the minimum

sharing improves the outcome of the game. number of moves required for the Al using Q-learning to
clear the chasing mouse and comparing this value with

the number of steps in each experiment.

Q - Average number of steps: 15.52 (All within 100)

Be o -

Number of steps per game
player 1 player 2 0.0 200 400 600 800  100.0
The reward for catching the mouse is changed so that
Player 1 gets 5 points only for catching the mouse from
the left and from the upper direction, and Player 2 gets 5

points only for catching the mouse from the right and Expt.1 —

from the lower direction.

random -«

Expt.2 *
Average number of steps: 20.50
B P Expt.3-1 —JJ} -
There was 72 game out of 1000 games in which the mouse
was not caught. Expt.3-2 :—E
The player could not catch the mouse if the mouse reference

: - - - :Average
was in a non-rewarding direction, because the ; .

ook i@ o) pl eRialy (e iy dirpction: « Significant efficiency gains were achieved

. -Atal% significance level, according to the t-test
& 7-Experiment 3-2 2= - Experiment 2 and Experiment 3-1 diverge from the
reference, but Experiment 3-2 aligns with it, making

47, The method of giving rewards is changed and it the most useful.
; 7 + Comparing Experiment 3-2 with the reference

value, the average number of steps is almost the
same, but the maximum number of steps is about
40 larger than the reference value.

e 10.Conclusion

We were able to show an example of efficient solution of
a task that requires cooperation by an independent agent
that does not take into account the actions of other

players.
player 1 plyer 2 | 11.Outlook
Left/downward :5points  Right/upward :5 points » Look forimprovements in other environments that
Right/upward :3points  Left/downward : 3 points encourage cooperation

» Apply in other environments

The players are rewarded less if they catch mice from
directions other than their own, in order to encourage g 12.References < Acknowledgement ‘
players to catch more mice. o ZHBRY ST, SEENTEIRISE | QLB L REHI%EHE
(1), https://club.informatix.co.jp/?p=2009, 2023/12/19
* Yu Hirayama(Zeze HS) 2022, A Study in the Effects of
Average number of steps: 16.10 (All within 100) Communication between Al
e WiiPartyi8W o832 (Chasingmouse) 10HD0002
https://youtu.be/oYWawAZ-1AY?si=irm8RobKkXrvY2cr
. The average number of steps is the lowest so far,
~ anditis quite efficient to clear the puzzle. We thank Mr. Toshihiro Onishi(Professor, Faculty of Advanced
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