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The External Memory Factor of True Slime Molds
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Yasuomi Nakamura, Haruchika Kuga, Nana Hirao, Mitsuki Yamada
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ABSTRACT
Authentic slime molds has the property of memorizing a place it has passed once and avoiding passing through that place
again. Previous studies have shown that the mucus sheath secreted by mucus-secreting fungi recognizes where it has been
applied and prevents it from passing through. We hypothesized that there is a substance in the mucus sheath that is
recognized by the mucus, and defined it as external memory factor X. We conducted experiments to identify X. We found
that X is a factor that is present in the mucus sheath, but is not present in the mucus. The present study suggests that
potassium in the mucus sheath may be involved in this function.
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ABSTRACT
We were interested in the cannibalistic behavior of Reticulitermes speratus. Cannibalism is caused by existence of injured termites

or by starvation environment. Therefore, we think the longer they starve, the more they eat a termite which has a scar on the body,
and we conducted experiments. As a result, the rate of cannibalism increased as number of days of starvation environment increased.
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Semi-solidification of Batteries Using Gelatin
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ABSTRACT
Our experiment was aimed at increasing the current of a battery using gelatin. We performed two experiments. In Experimentl, we varied the amount
of gelatin and investigated the relationship between the flowability of the electrolyte and the current value. In Experiment2, we varied the
concentration of H2SO4 investigated how the gelatin solidified and the current value. As a result, the highest current value was extracted when 1.0
gram of gelatin was added, while maintaining the defined semi-particular shape. In the future, we would like to experiment with the goal of creating a

more optimal battery.
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EEMR B W NO, ETDE&E
Optimization of NO;  Reduction Using Metal Powder

NMEkHE HTREF BNEA EETA

Kawaguchi Yui Yoshioka Yuri Nishimura Haruto Sasanuma Ryota

B2
EF, BBHKICEENZBAFRERICLY, BRKOBREMRLELLTWDS, £ T, MIBHHEHICLY NOSH
NHACETIND E WS RIGICERL, BRZBELL. ZEROBER, BEINIEEOAF LERAKRE WIT L,
BIUHEN LW e bh o7z, Fhz, RXREKIE, NOyA NO, #RHAET NH, ~BERBTI NS KLA, BHNICE
CEELTLWDAIBENRENE.

ABSTRACT
In recent years, nitrogen (mainly NOj3") in various types of wastewater has been causing serious pollution of natural waters. In this
study, copper and various kinds of metal powders were used to reduce NO, to NH,", which can be easily removed. As a result of the
experiment, it was found that the larger the difference in potential between the copper and the iron, the higher the reduction efficiency.
In addition, we consider that NO;™ was relatively often reduced to NH,™ without passing through NO,” when we use Sn and Fe.
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L o7, A(a)’ E(Nog,a)l’ E(Mn+‘a)l, @{[E%J:@fﬁbcfﬁ
AL, 2328 012E9< &5 %eyoss Cnoyr Cun+ &
SHET L, [NOy], [NOslikw 2z nTE 3.
Z DFHEICIE Excel 7=,

HL, #HhzHWE5E,

_18_



2
(A(a) — &wos.wlenos — Ewos.mlenoy — E(an*,a)lCZn“ - 5([zn(oH)qlz’,a)lC[Zn(oH)‘,]z’) =0
280<as415

L%,

TZT, AtHL cyors Cnoys CyntEAWVT, aloa
D BI% enog aylenoy + Evoy.alenoy + Eun+,q)leym+ TH
INBT T 7 REGR T T 7T D, 81, FED-1,
R7AVY LG EOEMNLS 7 7 EARS
7% BELEL DD, HIrICIK LT3
EBD.

(Abs)
0.40

8. EHEICLD T Z7ELFEICLDZ I 7DRBE

8. 3 AV F 7/ —ILEREEZEIZONT
NH, I RHIEEBA A VOHFEET 72/ — 1 &
Berthelot Koz L, A v K72/ —n1%4L 5.

(14 9)
HCIC Q_DH

MHy — =2 o NH:CI

cl
D=®=N
Q-DH HG\@\ 0
=
on N,[ :[

£ 9. Berthelot &t
AV F7=z/7 =0k, NHy BIOG L 72FB LR 57
», 630 nm O A HIE L, MEMD HREZ KD
T3, (X10)

10: &AH 5 Zn, Sn, Mg, Fe OIFIBHEHMNER%E Kt S 7= RiEk%E
MIEBL7-HD

DUF, AEBRCOBANRFIHZHNT 5. &b,

EEFIE%EE 2 21CH7zb, JISK0102 2HEIC L /-
[11,12]

(DRTALER I D WT

B, Wish, AXEHWEREOEE, v I
100 mL I it oi gh A (g s SR -L /K FI9 10 g &2 7K
T100mL & L72d D)% I mL 2z, Xhx
RBETHOKBILF Y v L-REEF Vv LRI OK
i bV v 430 g LMOKRIES Y 7L 25 g 2K
T200 mL & L7200 D)% 05 mLBEMAZT, HUX
K ERE, LESSHELZ., LEAREZERL,
¥ O 25ml FEET, KDY O 10 mL %
100 mL iIc AR L CTHEA L 7.

~ 73y Lk EOEE, v 7 100 mL
I LR DOKEELF F Y Y A-REEF F Y Y LRI D B
Z15mLiz, X ERYE, LIZSLEL . &
WL, W1 DMK 25ml 1235C, Y OEIE 10 mL
% 100 mL Ic AR L CTRER L 7=,

(2)1 %REIGEREF + V) Y LEERDFE IO WT
ARMGEICH W= RHEEREF b Y v LRI L
LIvoT, HEOHEU T O ETHEL 7.
RAGHREF Y v LB (AEE 7~12%)
10mL 248, 7522250mLicé b, KEERTE
TMA7., 2o 10mL 2 =A7 7 22 300 mL i
D, KEMZTH 100 mL & L2, Xo9{tH V7 LA
1 g LA (BEREOMME 1 Lk 1 L 2R
AL72bD)6emL ZMATERL, XIRVEBETH
5 [ME L 7212, FAREF V) v LER (T A REE
F P U Y LEAKHY 630 g LEEAKREF Y T LA
020 g%, AA77RaZHWTKTTI LIZHRL 72
b D) THE L7z, IWROEELRHEL ko b, FERIE
LLTTARAEK (10gL) 1mL 2z, U7k
IFRTAFZADHEERHZ 2 ETHELZ., Ko
KXo CTHMEFRRENZRTL 7.

N[w/v %] = a x 0.000887 X @ X 100
10 © 10
a : & &= [mL]
0.000887 : FAHREEF b U 7 L ¥EH 1 mL OIEFRIEY

&gl
250

T 10 mL % 25 f5ic AR

I KRR b ) Y AW 10 mL % 100 mL 1c i

B

HL, 1w/v%iZ100mLHiIc1gDEKRTDH .
ZLT, REMEMT b Y Y LER 2 ml %
100mL A 27 7 Z2aichlz, E#METART v 7L,
1 XRHERE T ) v AW 2B L 7.
B)AREIEIT DWW T

(1) DFIULEE % 1T > 7230k 25 mL % 100 mL =g 7
FAxaick Y, EDTAER(ZF L v T I v Bk —
KFEZF PV T L ZKAW5 g %KICHED LT 100 mL
CLl72b?)% 1mL ¢F )Y L7/ %Y FiRH
OKEE{LF b V7 A 11 g Z/KTHE2LTS55mL ic L7
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%, vy P L —FCRlfEI ST = — N 25g &N
Z, BRXET, AL, T bFvy6mL Mz, KT
200mL & L72dD)% 10 mL iz CTXBEERE., X
i, (2)CHBLL 2 RMEHEEF ) 7 LR S5 mL &
Mz, KZMz<T50mLic L%, #% LTk BEY
7. Z LT, 30 0HIMEL, b oo %
Wit L, HE 630 nm fHTEOBEE A, 7%
FEEEF 2 AV CHIE L 7.

(A BEARICT DN T

2B & LTk 25ml & &b, AHERE L AR ERIE
Z{To CEE 630 nm fHT WS CEERBEIE L /2. F 77,
NHAEHER LT v =Y 1297 g%, XA 7T A
a%HWwWT/KTILEL, ZOEKI0mL %2, A&7
FJAaxHWT 1L IKHRLAZDD)I0 mL, 5 mL,
2mL, 1mL %% FN/KT25 mLICFHFRL, AREME
Rk DEAE ATV, W2 MIE L 72, (FF : NH
i 1 mL 24729 NH, 12 0.0l mg & En 3)

A L7z NHAREROMRE L 630 nm ICB 1T 50
FeE DE T EREEIIR /R 72, Excel Z A L TG
FEEETL, B EE-.

(5) NHs IRE 0B HIc DWW T

(4) T3 7238 B % v <, RIRE 8 72 ik o Wt
Erby vy 7N 25mL Y7200 NHAEEZRD, LT
DR EHWTHE PO NHASA D EAEE (102 mol LY)
EEHL .

NH}FREE[1072 mol L71]

1 1
= (WOHHE X 0 ok 7= NH B mg]) x Do x
%: v 7 25mL % 1L icHE
3

—— : NH, IcBH L € mg % mmol ICHEE

18.04

1073 : mmol % mol IT#E

x 1073 x 102

8. 4 RICBREEHOEREIZONVT

NO; 28 NO,, NHy' DEICIEICE N, TNEFNDOK
JOREHE—RTH D LRET B &, EBk, k2
T, NOs 28 NO» ICHRIT I N 5 IGHE 13k, [NOT],
NO: % NH, ICERIT X L5 KICHE 13k, [NOy | & Kt
2000, HEAFVORBZIZIUTO 3 XKD X 5 Iick
,&5[3,9,131'

(A0 wos

d[NO;

[Izlit ]=k1[N03_]_k2[N02_]
d[NHy

[IZI: ]=k2[N02_]

oo iRz RE, LGt (E=01CcB 0T,
[NO;1=[NHf]=0T® Y, [NOs]1=[NO5lo& T %)%
RATBE, UTokS51ck 3.

[NO3] = [NO3]pe 2t -2

kq X
—kit _ o=kt
P— (e ety ..(®

k kit __ k —kyt
@mﬂ=wxh1—ze 1©
kz - k1

[NO7] =[NOs],

@, OR%ZERLC T 2R%1E 5.

( k1=—lln([N03_]) @

t [N03_]0
[NO3] ko\ INOZT e 0
\INO5 1o ( _k_1)[N03_]o_e v= o

FKBOIKB T 27 —-2%2@, ®@iczhZ AL,
TEXZM L T & Tky, k21572, 2 DFHRICIT Excel
A L. (HL, t=24h, [NO3], = 4.00 X
1073 mol L'TH Y, [NO7], [NO;]IZ, t =24 hicEF
% NOy, NO, DEETH S, )

8.5 NOs A"NHs ~NEEeRTIND R EZRE LT
HEDRISREEH(E5E)

NO;3; 25 NO, -, NH4+@JIQ0:5\%%§“5&EE,
NO; 28 NHy" ~EHRIT I 15 KIGHAWIT L TiEE Z
D, ZTNENDRICREHSE—RTH D EIRET D L,
EHky, Ky ks BT, NOs 22 NO, ICETI NS
SOGIEEE 13k, [NO3], NO2 28 NH, " ICiEIC X 1L 5 Kb
WLk, [NOy], NOs 23 NH, ICEFZEIT S N5 )G
I 13k [NOF1 & RE D, 22T, ,2EBR207—%
PORELZEAEDR, k, kEEHLTASZ., Zh
INoAF v OEEEIIUTO 3R X ) icke
5.

{d[";fg] = —(k; + k3) [NO3]
d[NO;

[]th ]=k1[N0§]—k2[N02_]
d[’l’l_fﬂz ks [NO3] + ky[NO3]

rowmn iR %2 s, LGt (E=01CcH T,
[NO;1=[NHf]=0T® Y, [NOs]1=[NO5lo& T %)%
RATBE, UTOokS51ck 3,

(INO3] = [NOFJpe~ta+a)t . ®
kq
-1 = 1. — = (p—(kitk3)t _ p,—kat
V071 = [NO5)o p—r—7- (e etat) @
kze_(k1+k3)t - (kl + k3)e_k2t
ko — ki — k3 )

UNH:1=[N0ﬂo(1—
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DI ic#EiRzmd. (K10, £6)

KB 2 NO IEE[NO;T'E T 28, NOs™ 1y g
BEIX 0 THDEH0, [NOFDEAIZUToRTEE

Z 0.14
0.12
d[NOo; T
N0z 1" _ ki, [NOFT r}% 0.10
dt ii .kl
0.08
% mK,
EtoanReEs, YIHSEAE(E=01ck T, % 006 )
[NO;1 = [NO71 & T 3)%RRAT 2L, T XIIC 0.04 ’
0.02 I
. kot 0.00 I = R
[NO;] = [NO7]'pe™2¢ - ® Mg Zn Fe Sn
MEiBFIE-8E
S, EE2DF— 2 &S5 1CH-0, NOSJEE X 11, XBO, Q0fERALHEM L RIGREEH
Dy NHy REDOT -2 52T 250 EMTH 5 & . .
HIWT L 72728, [NO;] + [NHf] = [NO;] & FlvwT® 6. (B%) BHLk ke ksDfE (W)
K b@QRICE L 7=, HL, [NHFRERDIKC 51T h- ki k. ka
5 NHfRETH 5. Mg 1[a]H 0.156 0.018 0.138
Mg 2[a] H 0.069 0.018 0.050
Zn 1[a1H 0.007 0.007 0.001
t=24h, [NO;], = [NO;]o =4.00x10"3mol L' & Zo A ] U0 LAl 052
L. $50OR»L0OR%EE2. Zn 3[a|H 0.035 0.007 0.007
Fe 1[a] H 0.001 0.003 0.007
1 ([NO;l, — [NH{] Fe 2[nlH 0.001 0.003 0.003
k,=—-In —
¢ [NO5 1o Fe 3[a1H 0.001 0.003 0.002
Sn 2[8]H 0.0001 0.001 0.002
BL, [NH}F]ZEBRQICBWT, t=24hICE T3
NH, DEETH 3. FERIC X o TIERKRELSEH L T d P, KEdrk
Ric®, OR» o0, OXzE2 M E LT, ky, ky kR TICEBWTA A ALfE R A
RKEWVIEERIGEEEBDBRKRENZ EB3 005, iz
( 1 ([NO5] B, AXICHBWT, kIR THNICk K E W
J kit ks =‘?l"<[1vo;]0> -0 LBGB.
f =1( [NO7] >ln([N03‘]o—[NHI]')___@
l ' e \[NOs o — [NH[T — [NO5] [NO; ] 9. ZEH
[1] Johan Rockstrém, Mattias Klum (&) ; ®AAI
fHL, [NO3], [NOjliZZnZh, EBEOIKENT, E, AT (B s pEt, RFETEH
t=24hick 1} 3 NOs, NO, DEETH 3. GO 3 hEIRo K& AR 7751220 —
©, @, @XicEBEO, @QoF—2%{AL, k. - Ny XY — EEE AR TR FAFE ] M AR
ky, kyZEFRE L 72 (2019)

[2] RTE, KEFA—E»174 5 [{L2 @5 s BraThik]
EH ik (2021)

[3] KTE, KEFA—I132018% 5 b5 #ralhi] E#
ik (2021)

[4] BHFHGRELGR) s 7+ by 4 v 25 LK
B Btk (2017)

[5] BEALZERFZERT ¢« A 7 BREE o) < AN T2 fl it —
AR D AL A 10 52 BRI L B AT — 5 2018-03-29

https://www.riken.jp/press/2018/20180329_2/
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(21H2021-6-21)

6] MEMER], SHEPA s [HIEERT P Ic s T 2 HiHEr
P EHVENO;- 0EIE | B5UL B L) LEY
HfL¥62% 4% pp.354-355 (1994)

[7] HARJEFHWF5ERT 3 [EMEREE R IC X 2 P K5
Yl z oxfifiik | JAERI-Review-2003-007

(8] ILARR T [HEAEERRETREME T H
43 % 88 pp. 639-642 (2004)

[9] P. W. Atkins, ].de Paula (3) ; TJRFMH, fgLe
B,OmAR GR) 5 T7 v LR B
Thi) HEALFERFRIA (2020)

[10] clinisciences ; Blood Ammonia Colorimetric Assay
Kit 5 https://www.clinisciences.com/kit-de-dosage-
ammonium-2644/blood-ammonia-colorimetric-
assay-174582657.html (Z12022-3-14)

[11] fb2EET ¥ X PifFges (W) BB E)

FEXE (1998)

[12] JISK0102:2019 T3HEKiER Y5 % - Kikakurui
https://www.kikakurui.com/k0/K0102-2019-
01.html (84 2021-7-19)

[13] FEER 5 TEFOFTE s WETH]) =8

(2019)
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BALT 2 & (V) DRMEHRIC & 5 KOBEISROMEL
Improving the Efficiency of Water Electrolysis Using Photolysis of Titanium Dioxide (IV)

BHEXHM SR=ERT FINE WAEEK
Okada Daichi Takami Ryosuke Hirakawa Nao Yamanishi Eita

E2
FAURICHBBEILEITI CE TRILBEBEL, A FLUIL—FAVERETI L TRIEE MR I TS
CLEHRTEE. BILBRORLGEFEUREAVTKOERSRICHELGREETDOLRERA -1, EELHR
EAbhGA T
ABSTRACT

An oxide film was formed on the titanium plate by anodic oxidation, and it was confirmed that an oxide film was formed
by conducting an experiment using methylene blue. We attempted to compare the minimum voltage required for water
electrolysis using titanium plates with different oxidation times, but were unable to obtain reliable results.

1. IFLHIC
- W OEE - [RZ - BRIBZIE) 122\ T
fpfbF 2 o (IV)IZ & 2 Sl RO (2 Bl %

WOWNEEZRE, Lz, (BE 1)

o, ToREFTHD (AL - BRIELE
WCOWTHNL Z LUz, A% - FRIES) R
EEERIE T (VISR 2 RS+ 25 2 &
THOMRERLZ L, KEEE L KEIZHTD
IO Z & ThD. H¥P 1972 F 2L SN
TS T, KOBRGFEIIIANK 1.23V O
BIEEZIMZDMENDH DN, IR T ¥
(V) ERHWER S REITH Z & T, £0.5V
DFBJEZNT D120 TKDOBRDENE Z
5. T T BbTFZ AV DBV E AW
WX > TAREZ —RIENRDONENET D
DONEFRDZ ENRAFIEEOBHTH S, K
DB LV RNEE TR Z - 728, %)
BOWENRE N E 72T,

2. FiEEER

2.1 EBHNAE

0.1mol/L OHiEE/KIAEKIZ, BARIZT ¥ K,
Pz A& A A, BROEIT-o72. 2
ORI L v kT % o (IV) R ZERR L=,
AR EN TV D N ERGFET 5720, A F
Ly N—HWTUTOEREZIToT-.
FefbF 2 o MUL e L 2147 5 BEf 2 30
53,45 57,60 3 i et =2 E Lz,
AF LT N—IEKBIEIZ L > THfS L
DN, BIibTFZ AT FOER 2 E D 5505
MBHDHZ ENMBENTWS. K 200mL (2 X F
L > T N— KRR % 6 TN 2 T2 KT % 554y
L 4 DIZiEENE NG L DR %2 2 2 7=
(b F & (IR EMZ, DZ Y 122137
LN, HIETFIC 3ERRIE L%, KA

2.2RIEIZDNT

WHERE &1, FrEDHKEDOR (HEY) %
TARGREHZ Y T2 Bs, @il L=t oik < 2
ETHIETRDOEND, BRI L 7=
DBMEDERNZ ETHD. KEROEE,
AF VLT N—=0D T ESEn@Emn 1<
BT, WOREITNSL B,

RN
&6
J—
—
®1  MEEORELERIEDEDOBFR
No. | BfbF# KBt [BRLBER| W E
> (IV)
@ X X — 0.652
@ X O — 0.369
© O O 304y |0.378
@ O O 45 %y 1 0.331
® O O 60 4y | 0.308
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2.3 PliaREBRDOER
MERIIE1IOX I IThoT2. BIbTF X
(IVREMZTHELZLODIES N, Iz
TV D L WSEEDMEN T3> Tz
2%, kT & AIVRBAF LT —0
HoRERE L LI Ex, FX U
IERBENTWD Z e otz £, B
Wfigfl % 5 < AT o 72k 2 o (IV)BIE & A

FLUTN—%% L R LT Z L3 aho Tz,

3. AKREEBR

3.1 EERIZDIVT

1. 0.1mol/L ®/kEE(LF R U 7 AKIEEH T,
WIARIZ 4B a2 WD TRDOEK S IREZIT -
2. 1 ERREOKERILT b Y T AKERY
T, BICEMETF # o (IV)HR, ez [4E
W% W CKROBER DR EITo T2, 728, B
b5 % o (I I LR 2 50 43 f4T -
b0l 100 SREITo b D EMHLEZ. K
ZHRIESN BT K > TRAET D RIEO R %
BT Z LI LW 2, KOBRSRRICY
B RIRIRE OB 25 2 & Tigd 2
ZriZLE. FNTENOERO L lem (2
frot=£F, 0.06VIF 22Nz 5EES EIFT
W&, KOBKSMRNEZ 2 IKOEEL R
Lo L7z,

7o BRI EZ 50 01T o7 b OIXIERERT
— AN ELENRNo T

3.2 4ER
ERIIE2DL I IR, BB TERE
MEZVER LT T % U W TEREZIT- 72
L X, AEERE WL Y LIERWEET
IKDBERDMREAITH ZEMTE T2, 2D,
fpfF 2 o (IV) DN R R T & 7.

=2

+E -El RIEBEN)
=k =k 1.7

Bt F 42 2 (V) (100%) Bg 1.3

BitF 42 (V) (504 B

3.3 &

REBRICEBITARERE LTEEFITRIE

W, Fi, BEHTUNMIGOH I
BTECWRWEY, MERT—X2E&06N
TWARWZ ENRETOND.
50 4y R mEE L L CTHERR L7z @R{b T % o (IV)
& 100 Sy B MmER L L C, 1ERK L7-f{b T
(V) DN TE DT O+ leT —#
EELN TV,

4. F&EH

fe{b T 2 > (IV) BRAERR DBR D b e 2 28
2HZ LR, BEYOSRIERO XV 58
W LT 2 o (IV) 215 7.

ZL T, N0 E2E 2 kT ¥
> (IV) MR Z B2 W TR DBRSR AT 9
&, TBbTF % o (V)R Z B Hnw5 =
& TKRDOBRITRN AT B AKX IR E D FEE M
KTF45) 2R LirL, 72
ik a b > TRl T 2 2 LN TE HIFEE
BN TECWARWEYD, [RCEETTHRY K
LEBRAIT-> TWVE 20,

5. SRODEE

TR ORITEE N IEE 12D 70 <, EBRERD
EEMEIZRIT D72, BITEE 2L ChE
MIRT —H BT, BELEZV.

7, BT ¥ (V)R EERT HBEOES
IR LT &, KOERD R E T DS
LB B EIIIHEEERE H 50N EH 6
DML TVE T2,

6. SEXH

R {bTF & N K DKD IR —ARZ - FRIES)
B FRIERE - 2003 &
https://www.jstage.jst.go.jp/article/electroch
emistry/71/7/71_568/_article/-char/ja

BREEA Iz K 2 b F 2 oAt ORI
KBRS « IEARIEEE 2010 42
https://www.jstage.jst.go.jp/article/materia/
19/2/49 55/ pdf

(FE 1) EROTHFERORET
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[EEYMNKRIZEZ HEE
Effect of Obstructions on Water Flow
KEPAHE SEHIE RARFHE sk

Yuka Ono Hana Kagii

EH

Syoma Okubo Yura Nakazawa

KRDPIZEMNF-BEEYNHNKRICEDL SHEEZRIFTONMIDVTELEHS, BXAWLERFEZER LEETWHEBOR
KICHEBESBELTERRET o712 TORR, BEEYIKRE-—BIERSEIMNROKROESEZESTH2HRLSHY, TDIER
ERIBICL SV I aL—YavEANTHATEDRAIREENHD LA DM o2

ABSTRACT

We were interested in how obstacles in water affect the water flow. We created a schematic experimental apparatus and did

experiments with several shapes of obstacles. As a result, we found that obstacles have the effect of concentrating the water flow in a

certain direction and slowing down the speed of the water flow. In addition, we considered how to simulate it using numerical.

1,FCHIC

T IRV T TR L D REEY
B L KD B EEIRG AT 2 5F > TV D L H i
NHD.

Z 2 TCKHFIZB W THEEM DRI G 2 5 2
[ZDWCHLR 2 FF o 72,

AT A IR OBEED R S 5 — R
FAHKMOESIZED LD REREH X500 %
FARDZ LT D, F, T OREEKIEMICHE LR
L, B O SLoNE D 0, £, T DB L
DEIRBERICEDZLDORONEFTRDLZ & LT
5.

2, HHY

FEEY LK OE S OFEFR 2 BN 72 32BRIC L -
THEHMERNZH ST L, S HIZ, B2 TE OEEY )
MR DIEEY~ LIS 5 2 L 2 AMED A
L9 5.

3, FIREER
3-1, B#

EEHE X —F Y hE LT —EFOHEEDE
DT & o TRIRDIERBIRIZ E D X 5 22 BB
LINZOWTHRNS.

3-2, Ak
Yefighn - KM (2 S5mm ZFE59. 5X 19, 5X 24mm)
KA AL E (180L/h)
By [~ b M5) , ~FEIARL b (M5)
R (40mm X 90mm) ]

1 KEBICPEEY) & B — R &2 B T-1%, K2
EXHED.

2 E—E0#E &, An—F— a3 B AT T
T 5.

3 E—EOBEIT 5 X Z5HE L, BEEYHR,
E—EOME (¥ —75 >y MIE) OKIEICK
FETHEORE S ORI D EEY O
fZhR) ZH~5.

EEY

E—F
(S—4 o)
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3-3, #ER

B3 DREEY)
(HX) A~E %D
EZITEELTY,
B —77y MIED
KD H ST
Frr AT MERR C
X ol

2. FHER

4, 58I

4-1, B#
BEEMOBEDK B M D L2 AL T
%.

4-2, 7k
PEEHE LTHRL M & STiEE =5 L ROkx
IS — o CIREY ZRE LERZIT o712

4-3, BEYDOMIR/INE —2

3. EEWNNE—21

4-4 R
WRIILLTO 77 70X 512 o 7.

—_

KFDHEE (ecm/s)
SO DN B~ O 0 O N
®

1 2 5 6

3 4
EEM ORI
M4 5% 1R

4-5, E

RV ERFLICHHITE, EEYE LTORNE
D, FEEY) 212X 0 KFEN PRI ES LT
728, IKIEMR L 72> 77,

BEEY L L COREIL, E—FM 5 B EE
MOmEEICERT 5.

AV RBTRTREINTODLEA, BED L
LTOMRITEED.

6, XK1
6-1, H#Y

PEE ) OBLE DK RIE TR L & & 5N
720U, MR FE AR U T, BEY ORLE O 2
RIp D56 OIEEY LKROE S OBREZH <D
ZEThHD.

6-2, A&
9 D WRIFOK TR ST M D 2 5153 DI L EE L,
IR DE ST SRR & AR HE 21T > 7-.

MWz ZooEHEwiTzh M, Wl E 152

IR NN

H5. BEEY/I—21
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6-4, fE R

FEER T &L FERRICKIEDOHE S (cm/s) Zfefic &
D BEEM OGRS BWT- 275 7 2 ERR L
7.

8

2 ¢

S e

YU

%JZ

20

s G () H ()

N LI
EEEY) DR

6. RERIMR

WA OEE X 0, (B OBLE O J5 23K F-<
o,

1, Z%
-1, A&
FREY N H— o DFEN E KL E TR D720,
PTOERMIZHE S I =2 b— 3 % Excel &
AW TITo 7.

=M Y 72 o Tk, EABEIC S, £
DOBEMEST D LRET L. BEEWOH% S DKL,
HEMIZO0 L T5. &61T, BT o ki, &l
MO ELE MRS D720, EHDOIL S-S (o) &
Nz CREM L 7.

[5&:F2]

Z—0y b (B—E) ~OFEEFEL LT,
e 380y DA R (v) %, T 5 51055 O
HWIXHDE (o) THI- M (v/ o) 2 AWz,
IR (FEED O FRI) (1%, KEOMEICKL
TH—Tidanizd, BRI L7-EE S &2 L
ToFRHME A AT LTz,

¥ o 1 XH R 5 By DKFEOE S OIEHERFZETH 5.
EOEGAEZFINIFET B &, BBEWORADKTITE
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Rocking of the Perforated Board When Moving in Water
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Ogi Kotaro
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ABSTRACT

We were interested in whether the turbulence-induced shaking around the board was affected by the presence or

absence of holes in the board. We conducted experiments with boards of different shapes and investigated the velocity,

the magnitude of the shaking, and the Reynolds number.

As a result, we found that the board with 6 holes suppressed the swaying most stably, the board with 4 holes inhibited

it best in the low velocity zone, and the board with 8 holes abrogated it best in the high velocity zone.
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Rotation of Spinning Tops in a Rotating System
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ABSTRACT
It is known that the Coriolis force acts on an object traveling in a rotating coordinate system. In this study, the
Coriolis force due to the earth's rotation has little effect on the rotation time of the tops of the top, while the Coriolis
force has a small effect for tachometers with larger angular velocities. It was also found that the slower the rotation
speed of the piece, the greater the difference due to rotation of the system. In addition, it was found that when the piece

rotated on a slope, the direction of rotation and orbit were different, but when the piece rotated on a plane, the direction

of rotation and orbit coincided.
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ADRENKIDY IZRIEFTZE
The Effect of Rotation of a Stone on Stone Skipping

HKEE KREH

EBikism MME=E

Syunsuke Hayashi Masatoshi Mizutani Isuki Yashiki Kotomi Niwa

B
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R, MEEORKORERER, —ERREROEHMORER, —ERRLROEBORRICIOVTOHEND, BEHZ LTS EROHNESRE
L, AAKOEEEZFITICRY, BReT KBl enbmnort.

ABSTRACT

We were interested in how the rotation of the stone skipping, so we created a device to launch the stone while rotating it and conducted experiments. According
to the results of the experiments on the number of skips, the number of vertical rotations, the distance after the stone skips, and the distance after it skips, we

succeeded in demonstrating the effects of two major types of stone rotation on stone skipping using actual measurements: the trajectory of the stone becomes

more stable when the rotation speed is increased, and the stone becomes less affected by water.
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M2 EHADO—B b & 2o R0 HE o5t
The Study about Properties of the Cyclotomic Field

Based on Generalization of the Cyclotomic Polynomials

10 B
MO FErg el Bz Bl AF AR EiE
Ryusei Tanabe Shinnosuke Tokita Kohei Miyata Tomonao Muraki

AHBURCEZBCEA LR OESREZRMNT %2 2 & TE LN 2 FSRIIREAICB W TEERBERT
HY, AnZHRZZOMEZERT. FL 3 ZOMTZHNX 2 ABEEN L RIED &5 — (L L, ZHUHEDIWTH
DRDOHEERDEEIZOWTIHR ZIT - 7.

ABSTRACT

Cyclotomic field, which is obtained by adjoining the points dividing the unit circle on the complex plane
into equal parts to a rational number field, is an important concept in algebra, and cyclotomic polynomials
expresses its properties.We generalized the cyclotomic polynomial from an algebraic point of view and

studied the properties of the intermediate of the cyclotomic field on the basis of the generalization.

1 8A

ZOETIE, AR TREL B 2MADERL, Z0RANZBHEEICHSE 525, COEONEL Z0
R & 72 2 TSI O AT [2][4] 285 L L.

E&E1.1. EOEEnIZOWT(, =exp(2nyv/—1/n) & BL.

(1) Q(¢n) WO TEOERZAZELE VS,

(2) UTo kS icE#In 3 ZHK O, (x) ZARZER VS
oo(x)= ] @-¢b)

1<k<n
ged(k,n)=1

FTERLE G E 2" -1 DRO—D2THY, TOROEEEF 1,(,, ..., 0L ERINE. ZhHiE1Dn
RIBLIFIZN25DTHY, £20FRTHIZERADORTHZ23DIE 1 DRIEn RIBLITFIZNS.1 D n R
M2 2 RBERE DWVA B ZHERICHS CBEEHRBRICIRMNT 2 2 2 THLAZMAERIE, H2EKR TR
bR ME R R ORBUATD 2. 72, (R REWEBEGHIC B W TE K ORI E L 72 2 Rl 72 M E 2+
OWMETHZZrdbHIONS. MPZHENIZOWEEZRTEME R2METH 5. 58T, 2h o DHEARNME
HZ2RT.
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e 1.2. DITDEGNId 5.
(1) Euler @ totient BA%L p(n) %
(2) 2R 2" — 11

p(n) =

(Z/nZ)*| LEET 2L, py(z) 1&
/ﬁto)ivklﬁﬂlﬁz\ﬁi Eh3.

o(n) ROZEAXTH 5.

x"—le@d(x)
dn
(3) Q(Cn)/Q 13 Galois iATH 5.
(4) @, (z) € Z[z] .
f1.3. ZIHA DA
Oi(x)=x—1
Qy(x) =2 +1
Os(x)=a?+x+1
By(z) =22 +1
O5(z) =2+ 2+ 22+ +1
Pg(x) =2 —2+1
Prx) =2+ +at 43+ 41
dg(z) =2t + 1
Pg(z) = 2% +2° +1
Do) =2 — 23 +2% —x +1

Bl 1.3. @ & 5 72 M55 2HRO BARNARGHEIZME 1.2.2) F2AVWTTS 2 PAHETH 5. fil 1.2.(4) 1X
BURENEETH 203, ] 1.3. 12 & DD MNCIIHE» I Z (R TH 2 Z e 5. MaZENE 2 ke L
THHRRNMEE 2 R0, LT omEIdM 0 ZHEA e Mok e oBFREL WS RTEETH 2.

e 1.4, P,(2) 1%, ¢ D Q LOBNZHATHS. LoTQ LB TH .

%1.5. @813 XHLIFARIT 5.
(DQ(Cn) 3 Q D p(n) KIERAETH 2.
(2)Gal(Q(¢n)/Q) ~ (Z/nZ)*

o € Gal(Q(¢,)/Q) Z 0, T 5L 04(Ca)
F2o0mES X< HoN5.
fd 1.6. Q(¢,) DEHIRI Z[¢,) TH 3.

EIE 1.7,

DODRIBPKILT 2. £/ ZORBIZBVWT i +nZ THNET 5
=( k3.

EED Q DHERXK Abel LRI DONWT,Q((,) BENEEL L 5 RIEEEH n DFIET 5.
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BEERERD 2 Z 23— I3 #E L vy, Mo ROBEERIGE 1.6. O X 5 B BiffiRciddins. &
H 1.7. 1 Kronecker-Weber OEH ¥ I 2 b DT, 2D L IOWIARIR ZH Z 523, PR UMNHOE
DERT T DTN LTz, BICZ OEHD S Q(¢,)/Q OHERZIAT 2 2  0— b H 2. RHFFIXZ D
MO FRRICOWTZOMNEZMRIAT 2 & HI2, ZOWETREL &2 ZHEHAZMHSZHRO e
LCEEL, ZOMEICOVWTHINELED L L ZHNE LdDTH 5.

2 MARZENDO—HL

ARETE, HDZHAO— R %2 ZHEAZERL ZOHEICOWTIHERS.

& 2.1. n X EOBE, H % Gal(Q((,)/Q) DESRE, 7 € Gal(Q(()/Q) T2 &, ZHK U, 1) (2)
ERDEIICERTS.

oeTH

M 2.2 Q(¢,)/Q @ Galois FIHIZHBWT Gal(Q((n)/Q) DENEE H 12HIET 2 Q(¢,)/Q o k%
M(an) s R \I/(anH) (.7}) & T(Cn) D M(n,H) L@%’J‘%Iﬁﬂfzﬁé

;L. SR G {o(Co)lo € THY & Zin i) 2522, Vi rm)(v) DIEBEOREUE Z(y 1) DFEARFTRE
%.0' % HOEBDOITLE LT o' C&D Zym) "NDIEAEEZ S &

O'/Z(n’TH) ={o'0((,)| c € TH}
={o(Cn)| o € TH}
- Z(n,TH)

&0, HOEBOITT Ui,y () DRIBBAETHD, Ui, ) (2) € My mylz] £725.

T, h=H T2 LERL5 ED [QG) : Mum] =h 275D, Q(6) = M) (Ca) THEDS ¢, @
My ) EOBNZIHRE h RTHS. 22T Vi, ) (2) 1 ¢ ZRCHED M, ) LD W XZHEXTHZ D
T, ZAD G D My, gy EOBNZIHXTH 2. D 7120 L THRIBRICTRENS. O

H = Gal(Q(¢n)/Q) D& & My, iy = Q, Vi my(z) = @p(z) THY, VU, gy (x) 1F Oy (x) DFFOME
L4. OMHEIZEWT Q 2RI My gy I BUL LB Z R OZHATH 2 LR 5 Z L DARETH 5.
BB, 0, -py(2) EHATZERDO R TH 2 LA 5N 5. UTFOMETERIIRTH, U,y (2) 1X, ZH
AP ZHAO—RILT D 2 23802, I ZHADFROHEZ Z 0L L TREFEL TV 5.

ﬁaﬁiaé 2.3. M(n,H) @*ﬂ%%ﬁ%% G(H,H) ZT% et \Ij(n,TH)(l') € G(nyH)[IL‘] VC%E)

GEBA. @ 1.6. & D G(n,H) = Z[(:n] N M(n,H) THZHDT \If(nﬂ-H)(l‘) S Z[Cn] ViR \I/(nv.,.H)(a?) S M(an)
ZRER LV FIFEICOWTIE U, ) (z) DERED ¢, DM EHEDP 5725 ZeR6HLNTH D, BFHITOW
Tidamd 2.2. TRHUTIR LD TERDES . O
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T W oan (z) OBIOE L2 E 5. ST 0z EH#T 5.

E&E2.4. (1) RIERE (Z/nZ)* REHERE Lz C DB/ x THo> T, EED a,b € (Z/nZ)* TR LT
x(a)x(b) = x(ab) BWF=FT D% (Z/nZ)* DIEIEL NS,
(2) (Z/nZ)* DIEFE x 1ITXf LT
)= > x(k)
kE(Z/nZ)x

% x D Gauss fllE WS

B8 2.5. TEOHDE H C Gal(Q(¢,)/Q) ¥ 7 € Gal(Q(¢,)/Q) TR LT, 3% (Z/nZ)* DIsHE x ¥ 1E
B m BFEIEL T
\II(n,TH) (.’E) - H (.’II - Crkz:)

X(k):g::(n)

vhB T e HEBE tTH=H DL % p(n)|m £7%5 &5 CHH5.

BERR. Je TR D x & k € (Z/nZ)* \COWTIEER m BFEL T x(k) = (), €735 2 & &RT Euler DJE
BED kP =1 2DT x (k)™ = x(k*M™) = x(1) =1 £7%%. 72721 x(1) = 1i& x(1)x(1) = x(1) b {E
5. &oTx(k) 31D p(n) RIRTHD, 5 IEEE m BPEFIEL T x(k) = (), £7%5 I ernshiz. Dk
X DI%% Ker(x) & LT Ker(x) >~ H 7% 5% x ZHAUIEMFZ 5 2 L 2R 5. x SHERBE R DT Ker(x)
3 (Z/nZ)* DETRETH D, Gal(Q(¢r)/Q) ~ (Z/nZ)* 72 DTED XS % x \FHELITHNS. U,y () D
BRO—2L LTop(C) =CE2MB. 2ZTx(k) =2 8 L& U 1) (CF) =0 <= x(¥) =2 ZREE
EV. DV, () DRTH B L E o), ¥ oy ZRILERBEICET 20T EE ! € H LA H = Ker(x)
THZOTIAUL (kK1) =1 xR, x(B)x(K) =1 <= x(K)=z &kbmR&Nhl.op, € HD
EEx(k)=1TdHD p(n)m R2DEHENLTHS. O

n HEEE p° DL FlX Gal(Q(¢,)/Q) ~ (Z/nZ)* ~Z/p*  (p — 1)Z FZKEBRETH b, FIARDFET 5.
FaR%E r T2 ROk € (Z/nZ)* Z 1€ Z/pHp—-1DZ ZRWT k=0 2RE 2. x(k) = x(r)! &£
D x D% Im(y) bKEIFTH D HERER (Z/nZ)* /Ker(x) ~ Im(x) 25 H OOz higz d 35t
Ker(x) ~ Z/hZ,Im(x) ~ Z/dZ ¥75%. Im(x) (2T C OFDEZDOT Im(x) = {¢5| s € Z/dZ} &
7% . Ker(x) COWTINED h BOTZDOITL kIR LTrh =k =1 27D o(n)|lh, d|l £72%. XoT
Ker(x) = {r'| 1 € Z/p(n)Z,d|l} £725%. F7= 7 € Gal(Q((n)/Q) 3 7((n) = ¢ Wil T e & 7 =0y = 0
B, 7H ={omoou|on € H} ={0,uti|l € Z/p(n)Z,d|l} = {om]|l € Z/p(n)Z, v=u (mod d)}
L35,

Gauss f1& \I’(n,TH) (z) WOWTIELLT AR D 32D,
il 2.6. n BEREE, WOEE H C Gal(Q(¢,)/Q) ofa#ix d 5 5. (Z/nZ)* DIafE x TH - T, Ker(y)

D H eFBTH 2 (Z/nl)* DEIEEZGL DI dEFEL, Ui, m)(z) DREUZZD dHD x D Gauss
M gn(x) & ¢ ZHVTHEE 3.
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SERA. ETHIEOTRERT. r & (Z/n2)° OFHERE LTEBD k € (Z/n2)* %2k =l v £T L
X(K) = x(r)! THZDT x(r) D=2 UL x ET—RITEE 3. x(r) DMED D % EEF m ZHWT Cortn)
EREDZIEME25. TRLED, EOm ZHEATS x DERTEXLDT, (Z/nZ)* DIEEE o(n) HT7F
T3, 2OHT Ker(x) 2 H LRBITH 2 (Z/nZ)* DEAHEELDOOMEBEEZS. H &
[l (Z/nZ)* DEDEE {rl| 1 € Z/p(n)Z,d|l} THZDTIDHDTEDILIIDOVTZED x I X B 5D
LYHLLAD x BEAIUT IV, x(r) = (7, B e x(r!) = x(r)! = ¢m) = 1 BEED d Off 11
WTHALT 5. Ko T ged(p(n),l) =d7z5 1l ZzH2E p(n)lim &Y hlm.m € Z/p(n)Z TEZ 2 ZD X

57 m & o(n)/h = dEFET 3 DCRENTE. KL FHEERT.

O(n.rH) = Z U(Cn)

oceTH
LB EREBBOBRED Ui, (@) D 2" DRED —a ) THZZEBHLHLTHS. x(r) =
2% X% Xm &L gn(xm) ZFIHET 3.

gn(Xm) = Z X(k)0k<<n)

ke (Z/nZ)*

— 3 oG

1EZ/p(n)Z

= Z C(Tlo-rl (Cn)
€L/ p(n)ZL
d—1 h—1

_ Z Z Cm(dl +u)a il (Cn)

u=010"=

=Z< > alén)

o€o,uH

§ mu
= Cd X(n,o.uH)
u=0

£7%%. e m=0,..,d—1 ETHPTELERE apom(u=0,.,d—1) £ 5% dT#E TR L 7%
5. REATHZ Myq) = (" )mu £ T 5 & det(M, q)) i& Vandermonde DfTFIATH D,

det(Men.a)) = [[(¢i—¢3) #0
1<J
BDT apnorumy (v =0,...,d = 1) & gn(xm)(m =0,...,d =1) & (GITEDRED. Lo T Y, . py)(z) DR
B anoumy(u=0,...,d = 1) TREZ Z L ZRERE LWV 2T Zy o) D i FHIZ 54, 0 REANFFZ
[0 fo=1) b5 2 e iRz EIc kD

e

fom o D sifen(-1)

=1
DB, XoT folds; TREDZD, Cﬁl & Cf? VBT 5 H OFFREDNFL & = Cffl & CkaQ WES % H OF|
RIBFCRDT 8 1 o (u=0,...,d = 1) DWTHDEFL L, U, ) (x) D 2"~ B LRI
DEIFRED (—1)°fe KELWVDT, U, ) (z) DR agopum(u=0,...,d —1) TEES. O
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Uiy (2) 1E O (2) DEF%E HICXBRIRBC L o THFIL THONZZHATH 203, BE x 18X o T
DEILTHRBCERTE S, WS 2 2aE 25 IR LTV, F768 2.6. 13 U, g (z) DFRBICEN
2125 Gauss ML BIFRT 2 Z L 2RTDY, ZAUL U,y gy (2) 23 x DETEE S Z e BRI DH 2.

DlkEd d =2 & LB LS G2 RTAS.

R 2.7. LUT AL 5.
(n BEBBO L & (Z/pZ)* OEHEEL LT Ker(y) OE d =2 TH 2 X 5 2IEE y G TICERT 3
Legendre 888 CE % 254 % (Z/pZ)* ZHIBL7=2dD 1 HOATH .

1 (k 23 mod p DFITHRIR)
—1 (k% mod p DIFFFHIR)
0 (k 23 p DfEE)

p—1

(2)px = (—1)"z p LEL & (1) D x D Gauss AITDOWVWT,

MRRILT 5.

MEOEXLEFETHL2DTIHEHITERKRT 2.(38] ZH)d = 2 Tn PR B p O 23 Im(y) =
{1,-1}, Ker(x) = {r!| 1 € Z/p(n)Z,2|l} TH 3. H = H — Gal(Q((,)/Q) & H X 3FIREDILTH D
ap = Qp ), O = Qo £T B Y, TOY EME 2.6, DERFITH 5 E RN

{ ap +a, = —1
THb. Tzl
£78%. 22T My ) 32 KIETH 2D /px ZELDT Q(/px) TH 2. BIZ Q(/px) DEBIREZEZ D b
prxiZHIZ px =1 (mod 4) Ziii7z 5 DT AU Zoy] £70%. Ko TanE 2.3.(1) £ D U, m)(2), ¥p (@)

& Zla,] EOZIHERE 75, ZAUTEBRECFERTH 203 d > 3 THFRROWEEDIEIET 2 0E2EAHTD
3.

RIRIZ— DS e LT ARROMEEN DR 2 Mi7ciER 2 s 5.
el 2.8. AR p I LT T T 5.

(-0

SRR, p=3 DL XEHLLROTP>5 DL ETRERD. Vi D27 ORI fo THLL Zlay) 108 %

na.
so= >  (F

(5)=1

TH25DT,

_46_



D2)=1DLE, 5= 0, THY,

1
fa= 5(3% — 82)
1

= *(0‘;2) — ap)
(L
B %(p *4+3 - W)

XD (px+3)/41FFETHY px=1 (mod 8) £2DT,p=1,7 (mod 8).
(i{)(2)=-1DL & sy =0, THD,

1

f2:§(3%—32)
1 ,
:5(;2)_0‘1))
R R e
_2<< 2 )_ 2 )
_ px+3
-8
XD (px+3)/81FEHTHY px=5 (mod 8) £7225DT,p=3,5 (mod 8).
(i)(ii) KRS hi. O

3 MAREohRFEOHE

ARTRMDZHAD—BILE LD 5 Q(Cr)/Q DHREE M, 1) ZVUEL £ DIEEE/RT. S 3 i
RO OIROHEITOVTEZ B,

wEE3.1. UTHmrs 3.
(DQ(Cn) /M, 11y & Galois FERTH Y Gal(Q((n)/Mn,m)) ~ H.
(2)My, 1)/ Q & Galois IERTH D Gal(M(,,, 1) /Q) ~ Gal(Q(¢n)/Q)/H.

SEEA. (1) Q(¢n)/Q BBEHER L DT Q(¢,) DERDITIE Q LB TH 255 M, my ETH . X o
T Q) /M,y FABEIERT D 5. $72,Q(Cn) 13 G D My, gy LOIHBEZ TN TELDOTIERIEARTH D
% . > T Q(Cn) /My, iy 1& Galois JERTH % . KRIT Galois BEZE X 5. Q(Cn) = My, 1) (Cn) £V G DED
AN DFIREMED Galois BEL 725, (n D M, gy LOBRNZIHRIZ U, gy (x) THHHRADEFBRE H D
TLEF—TH2DT Gal(Q(Cn) /My, my) ~ H £72%.

(2) Gal(Q(¢p) BRI T H DERDER DT REN IEMER I HETH 2 DT H S IEMHERTRFTH 5. X o T Galois D
HAEHED Mg, 1m)/Q & Galois HERTH D Gal(M(,,, 1) /Q) ~ Gal(Q(¢,)/Q)/H 725, O

ZIHD My, gy ZIRES 270 0HEHZ T 5.
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EFE3.2. LITZERTS.

rad(n)|m|n

(2) B(n,TH) = Z O-(é-n)

cetH

(3) Qn iy (z) = 11 (x = Bn,rm))
THeGal(Q(¢n)/Q)/H
72720 (1) BWT rad(n) FIEEB n OEWICRL 2R HBOEZERL, rad(n)|mn & rad(n) D8O

n DRILTH 5 ERE m FRTISOWTHIRNS 2 ¥ 2T
D k5% &, OERET 5OPIBIHRS . FoF1E Qg (v) OEATEL S HHED 5

W 3.3. Qu.m)(z) €Zz] TH3.

SERA. i 2.2. OFERH & FARIC LT Gal(Q(()/Q) PIERDITT Q) DRBEIAETH 2 Z 2 h
H2 DT, Qo () € Q). T2, Q) (z) DRBUZ ¢, DFIFER S22 DT Qpy () € Z[G][x]. £ o
TQNZ = Z%FBEIV.r € Q—-Z H Z[G] KEENZERET 3. Q) ® Q LokE
(1,60, GE Y T B DT, a0, a1, ey ap(my—1 € Q BT

@(n)-1 '
r= Y ag,
i=0
EoRIESN D a0 = a1 = 0= g1 = 0 E T B EWHLENTERRTEDN r € Z[¢] &)
Q0,15 -y Qp(n)—1 € ZTHOFESTS. E-T @ﬁZ[Cn] =7 tixb. ]

DT o@D &, ERTHHHATH 3.
W 3.4. {0(&)| o€ Gal(Q(¢n)/Q)} E Q) D Q LORIETH 3.
ZDOEDIEHD 7= DI T D 2 DDOMfiEZ RS 5.

W 3.5. % Mobius Bx T2, Y (F=pn) ks,
ke(Z/nZ)*

EBR. S(n) = YpczmpxCr 855 KT n AVFHHTEROLER2EZE WMHA—HT 2 h b
D, (2) = Ppaaen)(@V/mNM)) TH 2 ZEBEHIREZ. O,(z) D 291 DFREA —S(n) THZDT
n/rad(n) > 126 S(n) =0 &%%. K< n BWFARTZHRZEZVWEE2EZX5.5(1) =113HLLTHZD
T, EB L C BB pr,ope BT n =[], p EREDLE S(n) = (-1)! TH2 L 2Rtid
FWV DU ¢ BT 2 BEANRINE TR T

t=10r %, &, (z) =Ptk kb 2P~2 DA S Sn) = —1.
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t<sDrESh) = (~1) THILRELT, t=s+1 DL E S(n) = (—1)+ THZ L 2mT. 563

n—1
Y S@=> ¢=0
dln k=0

BHALT 5. E72 S(d) ZRENDHICOVWTER S ¥, S(d) = (—1) 5% n O d 1ZZFEEE j HEF>D
T s+1Cj {ﬁﬁj—é J:OT,

S

ZS(d) = Zs+1cj +S(n)
d|ln 7=0

s+1

=301+ S(n) — (~1)**

j=0
=1 -1+ S(n)— (-1
= S(n) — (=1)**

£%%50DTS(n) = (-1 BELT 2. o Tn B VFHETEROL TS REINLOTHERDIEREY n T
S(n) =pu(n) &%5. O

BE3.6. n AEHETERERVE E [0(G)| 0 € Gal(Q(G)/Q)} 1 Q(G) D Q LORETH 3.

SRR, Q(Cn) DIEREDITH {0(C)] 0 € Gal(Q(¢n)/Q)} D—RIEATEREZ L ZRBIRZDESDHEE
o(n) 1X Q(¢,) D Q Lo~ FLZE  LTOXIE, BB Q(¢,)/Q DILRXRBUCHFE L WD T INDHEETH
22 HRED. XoT Q) DERDILH {CF| k € (Z/nZ)*} D—TFEETREZ Z e BRBIZ V. MUF
ZOZEEERABETHE LV, Q) /Q ORIE {1,(n, ., (2T TN TEBARETH 5 2 L BREIS
+HaTHB. HWE3S XD

> = uln)

ke(Z/nZ)>

BOT1EREAAEETH 2. TSI ged(l,n) =143 ¢ BREAFETH 5. ged(I,n) =g > 1 DL &
n=gn', l=gl' £t 35,

¢=¢=ugch > ¢

se(Z/g2)*

=) Y,
s€(Z)gZ)*
ERBZBN K IEFEVWIRTH Y, n DEARFER LRI 0 & g bEWIHETHLDT
gk! +sn' En tEWICERE RS, Ko TEREZ (K| k € (Z/nZ)*}y D—KIEEDRB L K->TED, HEIK
(1,60, CEM N AT NTHRHARET S 5 DTERIRES . O

% 3.4. DM, M 3.6. LABEIC {0(&)] 0 € Gal(Q(¢n)/Q)} 25 Q(Cn) BEMT 5 2 & 2T, KIS
(1,6, SN BEBEARETHZ L 2B THD, ged(n, ) =g, n=ng, L=UgrTseL
¢b =l BOTIEED n OWE £ ZREHWIZER I 12oWT (L PERBAETSH 2 2 L Bmtid .
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rad(n) L HWIZHEZ r iZOWT k=r (mod rad(n)) 722 kIZHIZn L EWIZHEZDT,

Z Uk(cn) - Z Z C,’%

k=r (mod rad(n)) k=r (mod rad(n)) rad(n)|m|n
n/rad(n)—1

- 5 (7Y o)

rad(n)|m|n j=0
m/rad(n)—1

r (T j
- Z Cm(ﬁ Z Ciw%)
rad(n)|m|n Jj=0
— n T
_m rad(n)

70 n' =rad(n) D& FERBAGETH 5. 7, i 3.6. XD n' 23 rad(n) DWED D DH T TRIA]
RETH 2 Z e 5. BICFEMICLT 0/ 23 rad(n)|n’|n i3 & &,

> oa) == Y G

k=r (mod n’) rad(n)|m|n’

£ 7% DT n'/rad(n) DRIEDD720TT 0 HIFARIICRIAIRETH 5. H &1d n' D3 rad(n) DBEETRWEES
ZREE IV rad(n) OFERETHoTn' EAVICETHLDBFET5DT, ZRHDRE g LT 2L,

C=n@)h > G

se(z/qz)>

U+sn’
=ulq) > ¢f

s€(Z/qL)*

ql! + sn’ En'q EEWVIZETH Y rad(n)n’q DT n' 53 rad(n) DIEBTRHRWIGE S RBAGETH 5. o
THFRIIREI N, O

B A 3.4. ZHERICE S 5.
8 3.7, {Bu-m)| TH € Gal(Q((n)/Q)/H} & My iy ® Q LOKRETDH %,

SEBR. @i 3.4. XD {ok(&n)| k€ (Z/nZ)*} 13 Q(¢n) @ Q LoMEY LTHNRS. & o T Q(¢,) DIEEDT
bix Q DILDESE {ak| k € (Z/nZ)*} ZFHWT

b= Z arok(&n)
kE(Z/nZ)x

t—RICRBTES. ZOLE, bH My, o) CEFWBERMEEZD L,
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bEM(mH) < Vo; € H, O’l(b):b

< Vo, € H, 0y ( Z akak(ﬁn)) = Z arok(€n)

ke (Z/nZ)* ke(Z/nZ)*

< VYo, € H, Z aror(&n) = Z ar10k1(&n)

ke(Z/nZ)* ke(Z/nZ)>*
= Vo e H, Y (ar— aw)ow(n)
ke(Z/nZ)*

< Vo, € H, Vk € (Z/TLZ)X, ar = Qg

EBRBZDTop & oo AL HIKED2FRBEEETHL E ap = ap &% 5. Lo T {Bp,-m| TH €
Gal(Q(¢n)/Q)/H} & My, gy 22T 2 DT, #fii 3.6. THWIIEEDO I DG & MR LT 2 piikE
B EDREINS. O

n PSR T R ZNE E Blrm) = Qnrm) TBY, {agm| TH € Gal(Q(¢,)/Q)/H % My, 1y @
Q LoEEY 2. 20U {0(Ch)] o € Gal(Q((n)/Q)} 25 Q(C) D Q LOKEIETH 270 TH 2. n TS
HT 2RV E E S(n) = u(n) =0 2DT, {0(C)] o € Gal(Q(()/Q)} IF—RAEE THEEITA & 72\, 2
2T {o(z)| 0 € Gal(Q((n)/Q)} BSEEEICKR 2 K57 2 € Q(Cn) BEAT wiy, BERLEZE VWS L TH 5.
T9F2Z8T My ZRDZIEDTEL UTHERZIZEXTOMEZEfE LT My, n) ZIRINICEK
ER
W 3.8. My, u) = QBu,u) TH5.

BEBA. B Q) () B By ® Q LORMNZBIHATH 2 2L %2RT. Bim) © Q LORNZIEAXE
flx) e 32, RANZHKXOWEEDRPS f(2)|Q o (z) &k %. Gal(M,,1)/Q) ~ Gal(Q(¢,)/Q)/H DIF
BcBWT 7H € Gal(Q((n)/Q)/H CHIET 2 Gal(M(, iy/Q) DTEZ T £ 53 Y, Binrery = T(Bn.m))
L2 DTHEED By & Bum ® Q LOEETHD, Qi (2) DEREORIZ f(z) DIRTH 2. Bz
% 11,7 € Gal(My 11)/Q) 7% Bty = Benyryrry Zii72 T EAET 5 2, @08 3.7. £V {Bnrm)| 7H €
Gal(Q((,)/Q)/HY RET—IMITH 2 Z L ICFET DT {Binren| TH € Gal(Q(Cn)/Q)/H} 134
2%, £oT fla) = Qum(z) 82D, Q) (2) & By P Q LORNZERE 52 ZEARENT. &
ZC Q) (2) BARXRZEHATH2DT, QBn,m)) EdXETHS. $7 Bm) & HDTLTARETHZD
T, Q(Bn,my) PERDITIEZ H DICTAE, Q(Bn,m)) C Mn ) £7%%. EoTQ(Bnm) d My & d X
HZDT M,y = Q(Bn,my) E73%. O

il

BT My gy DB O WTOIEERT

R 3.9. {a(, m| TH € Gal(Q((n)/Q)/H} 1& My, gy D Z LOEERIKTH .
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SERR. M 3.6. XD n BTEAETERELLRVE & {0(C)| 0 € Gal(Q()/Q)} 13 Q(¢) @ Q LoHET
HHOTQ L—JMNITHD Z ETH—RITL 5 5. 7 {0(Ca)| 0 € Gal(Q(Cn)/Q)} 1& Z[(,] DES
EETHD, HOME 36, XD Z[C] 2ERT 2L ZOREADTRT Z[,] KEENZ 3. XoT
{0(C)| o € Gal(Q((n)/Q)} 1 Q(Cn) PRSI ZICo] D Z FORIETH 2. B ¥ I3ME 3.7, ¥ M LTR
N5, O

n BEHET 27500 b & 3B 2 iR T % 3.0 DEAE T 210 L % bAED FELSHTT 5
£33 REZ 20, Z[C,] BERT 3 & & Z[G,] FTEBTERVOTZIUIBTH 2.

4 SERORE

SBRECHAEHED 2 ETUTOZ L D% BIET.

* U, iy DFRECTE LT S 2 OFHIMEDTFIES 2 20

s RD nITBWT M, gy DBERIRZED L 5 12RE 20,

* My, my DA 77 VERERBBERE, & DEAZRBIVEBR EOMHICZED X SR DHH % 5.

5 HiEF

KW ZHED 21T H 7 D | HERFAE FREBRORANEKEIE, REANA A RETO ST 4 7N, FH
A 2 ZERBEIR DOV RAAN, ZREZMEZ2THV I e ZREHH L BT T

6 SEXE

(1] BITHE  TRECE1 BEAAML BT

2] BITHE  TRECE2 BrikbdurERs HATRE
3] &

4] J.

4

KRE THREE 2 REAOREGR) HA7 R
Neukirch [TAlgebraische ZahlentheorieJ
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BFHEONBRERFICOWT ::

M1 PHRE AREKE FERIB LEKSE
OEg

EFMEIE—EE- 7B EeLRLEBEELTEOAWVWLSICT2HELH D, TNICIEHE
DDWd 2HRBHEES L TWEZ LN DA>TWD, SEIOHT T, ZOEE (FHREEF
DAY T LHEL > TWARABREL TR S N,

1 R F—hI—)L100g LY DEEE(mg)

WEEBE LR AR L T B
SAEREL TS, WEICEE LB E L
S DA DM E NEBRBEF X & EET 3,
XEBETBILNFHRDENTH B, o

I 2 3.9 3
< {E5t > K Mg Ca Fe Na
AR A E MBI L 2 E S SEES ATV S N
EEZBND, HEDTTT 1,240, KEFIEP 797712
DPXTH % EARE L T, tEOTEAEZE(%)

<JoITHHZE >

FRSBIEMEOATZRREAF L L TECEINT
W3, thEsHoh L OE EICERT S L,
BB CORBREZHE CEEAFREI B LT,
(18, 20164F) 7.1 0.065
T/, BEIE. pHA A ~T7 THWYBEZBIT S & I

1.37 1.4 063 05 05
&N%, (Chris R.Reid, 2012%) 0.085 | 0.007

Si Al Fe Ca K Na Mg Ti Mn P S

2 EE
KBBRDpHPHBEDAFO LT TDERL 5, KICDWTER - Rifz1T-7=,

<EEHE>

ERIEH O FMEICYE (R £ 72 1ZKNOs - KCIZKAR)

EEH L, MOLS ICRREBAREL T, T2EMH []
RL7, FHLAMEIIL

£ 273V (Physarum polycephalum) T& 3%,

BEREMWOFEICKRBEZZER L, ERET>7, £D
R, MR ZEmINERZE S TICEEISWY E<
(EIRPA Y (e

. .
< FlgEk> O .

®

1
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<KHREERR>
EXIEMICHBEEALBHETICEREZT-7, %
DIER. BEYZRITELSICBEL, HICWYE
{ERFHRERTE T,

< AKEER >

KEETCHEL LT, KBRDpHA 4 ~T7 THSHH s
AU YL (KNOs) . AU YL (KC) %% .. BEY ()
L TEBEZITo 7=,

<HER>

m

AATEIEL 6

M E

0.17mol

0.3mol

R Zh [E1%1 2 3 6
0.5mol

2 33. 3 42. 9 85. 7
L 0% 20% 40% 60% 80% 100%
&1 -2 45734

----‘ - i
0.1mol/L | 0.3mol/L | 0.5mol/L
0.17mol

RITEIEL 6
= 0.3mol

R Zh[E1%7 2 4
' 0.5mol

RIhtERE  33. 3 33. 3 80. 0
0% 20% 40% 60% 80% 100%

MENPEDERINFEEZBLTEOAMIEALZEEZ [EROVBRNLI] EEERT S

3 ER
* XDKTHBAREHIT+HICEZOND
CHERBICEENTUVAXDEEIZ0.5mol/LIZiEV., FiFEsicEmw

4 SEORE - RE

- MRESR O BEESET S

- 0.5mol/LUE DEEDCHARDERFXTIEEWEBON I EEEYMB CHEREZITVL., EEOEE
ICDOWTHREET %

cPIZDOWTHEREZITD

SZ R
- Bk (2016) MEIC [RME] EH 20—, BEMEEYIC [N\Eols] OoRFEZ%ES. Mie0WR

https://shochou-kaigi.org/
« Chris R.Reid et al.(2012) Slime Molds uses an externalized spatial “memory” to negative in complex

environments

- &M (2012) HEETAOCEEEZFA L cSREYEROFRF
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Yo a7UDHEHBWTENCDWT

=Nz — HEETETEER R
O ER EhER R HE kE fi—

ST EHAMERTH Y RITHEIC L > THBNE(TS 2 EAPLAICINT NG, :
A=t AR AE A E i < F EAMBEICH T B RBO BRI Y 0T <D E VWS REELZTR |
|Gl coRspmY I PRSI, H

=T

T OFFE D FE R ,
4 % 1 Reticulitermes speratus DIMERBIE D\ _ ;
| &Ni%ﬁﬁ'& > #RVWTEH  NOLEEStE L e '.

| | T
- I AR Mk
l | \ \ £ = 8

| FOFEMATMMKATTHR 1 EMPRNGES DL ||

MEBRED RV ARICLIHBVMTBOELZRANS

7 —H—%20CEDDE X4 v —L Yy
Pl O IC T 40
N Q1A TEE
T Q@2HAHEREETEE
@3BYHIRE TEHAB
Ty —L sy

EEEA(ZERY L 721D EEER (S
BEDOIFT, "M T3

ITRTCOYv—L &
AVFaR—KZ—ODHRTHE

AMEREA BN S NI D FER

BEONFTTRAUEDHTEE2LFRRICITS

Pty /¢ —E)Lﬁ&{yhb‘%ﬂﬁb\’ééI%ECL'CL\#LVJ‘EEEE1
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sk

mT 10
100%
100%
S <
o som | 85.7%  83.3% o4
{_gj ? 62.5% 2 50%
25%
& 50.0% = s
:”\ :H\ .
0% 0% 0%
0% 0.0% - . l 0%
0H 18 2H 3H 0H 1H 2H 3H
EIRETORBE R HERIRETORFT A o
RER2DHER RA v b OHDIER

™ MNMEEEDWEWMES EEREGETTS

BE4BREISHEBULH IS ALY

NSRRI EBT B HIC -
2EDEBHEBNSINZREES FS HBVTEIZIMEBEEDV-CEHER

T TSI 3. (30l X1~

RIS NI (B 1B VA RRS M
AN EECCLN -

HIBWEISICELIE TV  ZEBRPICER->TEZDOIFfRIEEN

ITRTOEFH 1N E(E S REEEH BEICEST
HBWIEASLTWSD =8 rEE TEHERTS
i L% L N Eﬁmv
HIBWWCESL-EGRS #EHoiEen EEE—EIC BEDXY% |
Emﬁaﬁwﬂaﬁ% EER ROBEEER EZTEER ’
ARG [ 4 ' 4 vy S

VY baT7VIZBITEAEBNMEICERT 2 HBWITE) OB
HAKRFAFREDERRIFZHER LR

A7y DO=E

ERE - REMET - AHEEKXE - ANIEF - REER - TNET - BHE - WEE
— - =HEE R
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;; VERAWEEROFERIEIZONT

EFEEFR
3 HFEER FAHEt PEEY EREX

BA =51

%ﬁﬁnf#i%ﬂ@ DCHHATA LICEREE BY | Yo F VDEEZTL S EERRDARENE
FEEBRDEETHT EHLDD DTS, N

LAL. COBRES TINENEDTEHY . BHR CBRMBOBRRIC DN TENS,
ICRBIMERCTERL, ZT T RATA AICEANEIC R | £>F>/(0.0g, 0.5g,1.0g, 1.5g,

<. CoF ARV TCHEREBIC DWW TDRRE

B sh 1 2.0q), BRE&1.0mol/L(30ml), R/ \—
+—, E—H—, ERst, EMm(FEIHR
%ﬁ%%ﬁ ), B4R

FiE | OFEE30mI%E AR /\N\—F—T40°CEX T
ML BEEDRGZHLSF
(0.09,0.59,1.09,1.59,2.09) AN AD
ER

QOB = KK TAP LEDS.
BARICHRNR, IR E AL, TN ND
BRMMEZANS. (K1)

B | MBOEEEZZ. XUVFUPLIFY
DHMDEE V) 75 &L IREEE R T 5,
FiE | OKEO)MLEIOCE THE LHMR Y F
N QERIFESTF () EMZ B
QFIVEED R AHEL(0.10mol/L,
0.50mol/L, 1.00mol/L)&x DI A %,

BODEEE KK TART,
BRI, ERERL. ThEh
DEREEFND, R
S8 | HIR Y F oA BB E. BRRARE PSF U DEREHEDTICOIUEEIE LB
ROEETHY . AHRERDENTH BRI ZE EOME S 75> 72 (R2)
thOEBLITE L TN s, BB 0
MWL CSFraBNT. A ESHZT & 1001025
lc L1z,
80
8.2
gﬁi o 57.6 e
’Z]:Jr 0 410
>
20
0
0.0 0.5 1.0 15 2.0
BE(g)
(®2) MZFESFOEREEY HEEHE

DR

(X1) RERDRTX
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=<E%2 EE

By mBEogEEBEt. €SFV0EEY
APEMRMBZRANS,

R | €>F> (1.0g) Fi#e (0.0mol/L,
0.5molo/L, 1.0mol/L, 1.5mol/L,
2.0mol/L) 30ml) . HR/N\—F—,
E—h— Enst, B, (Einik fEik) |
BiHR

FE | OBIVEEDEGZHE (0.0mol/L,
0.5molo/L, 1.0mol/L, 1.5mol/L,
2.0mol/L) 30ml% /3 X /\—7—"40°C g s@E
ETMAL, US5F 1095 MR ADT,  — BROFE

QODEAEZE KK THP LEDS.
QBT TR Z AV, ZT N0

c ERINHERRKRZREDDORELEEVE

RERY HEDIEE S F > Z10gMMATEET
BOTTc D ARBRDFERBMICE N TRDIE
BHGEMTCHDEEZIONS.
- RER2 T FRBOEIVEEN LA o fefzdd,
LIFMB TS F > OBENMEN TREMED
BLEOICKVERMENES GOEEZD
ns.

cMBIEEC T F U OBERIET 26 RBLUNDS
R E BN ESEDERDENNZTFHNS.

TEAEFANS.
SE . EE ) TEREA LA - ERETBRO T EE
BERS b BB T S F > DS MEN T
4t m ENEAME LT fetbd, &5 S DBEABLHREA

2.
e ”L@@%W"Er ANISEEISSNE 5T £ VR BRI 7R TE B

35’)7':5;’?*1@75"&7?/@1‘%1_75’% Lfcrcébt%i . *ﬁfg’%,ﬁ-\ﬁiﬂl\]t:i@ L,%ﬁ{ﬁ&@%@f%’l‘i’i%ﬁl’\%
SN2 K MBOEIVEENESLGBICONTE
THMELKE 752 71.(X3)

120.0 1104

100.0
ol 80.0
60.0

200

00 -
00 05 10 15 20

TI/VEE(mol/L)

(K3) MNAT=FHRERDEIVEE S B Y HE T EBHE (BE)AEH5059,009,1.0g,1.59209D€ = F > %
DR MmA=HD

SEXM

c [RZALEBBEZRVWTHEIRLF—ZIY HT] B4 OfsE
- [ROFroERET L] ZE*

- TERIKRF5 b TEREHER—LR—T]

- [BRBEERIREITF v e d~ERED) OBWERS~] 2=F v 7

7 =AM




Y SEMEEALENO ETDRE]

A¥E )0 ¥ S BF B

=
TE, BEHKICEENIBGEREERIC
Z 2T, SABEFEEAIC K Y NOs A NHL*

BN =

T W% AEE

ik - BN

BRIC &L DRBBIRDRZIE

Il‘ib{\/_j_\ é ﬂf:o

> NO; I3 E BRI P REIKICEEICTEENTWS

TEITEIND & WD KL
EBROER, BIFINIERBOAF MLERNKEWVITE, BETHELNLWNT
T RAXREKIZ. NOs N0, ZIREAE T NHSA NBEEREITT I N5 KIGHN.

RIKDIBRDRLE L TW B,
SEBRL. Rz HELL,
&N #’)75‘0710

ZREL

GEPSI:N

swsne mpn

ERRBMEORE

(EREKT) R BR

(ERLKT)

TR
REEAY Y OMR

)

BITT LMD AFEOHE

NOs % £ W BREDAEZ HWNHH A &

RADOHR

AET7O/LORE
(ERICKT)

B RN (RE)

v FRRKENIR (Y 25 OMX)

1T
NOs A& ENBAARAIC, FHBRFRGD
GRAAVEREICATE LT-IREDOHKM) 2Nz 5
=GR DNOs" HINH NIRITT I 41 5

310

@ Fe, Zn, Mg, Sn% 1 mol/UEEL (5 2T
- R E DAY % R

@ =BHFI20.75 mol/LFRELSR (1) A B R Z A %
= RIECH & AT S B TR E RS

([ \e

>
EEHME
BEA(I)

KB

@ QoMmEK%E»1B
4,00 X102 mol/LD
HER S b U 7 LKA 200 mLi

:bui%

@RrbrLx—HEBEHRKE
AB L., BHEZBE
= NO;", NO, D EEZ 5 E
®AY 7/ —IILEFRY
Jlljrx_/f%ﬁﬁ\a\’c NH4+®/)Er_7é_f E]J
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EMBREFOTWR B TRRETRE (Y 2758

&R

HEmExE, LY A FMHERORKET WEEMIC
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The External Memory Factor
of True Slime Molds ==

Biology Group 1 Yasuomi Nakamura Haruchika Kuga Nana Hirao Mitsuki Yamada

OSummary

True slime molds (here after refered to as slime molds) have a nature of memorizing
places they passed once. We know that this is due to the mucus secreted by slime molds.
In this study, there is a good chance K in their mucus is involved the nature.

1 .Introduction

Slime molds memorize places they passed once before by leaving their mucus along the path
they moved. In the study, we will define the component in their mucus that stores places they
pathed as “external memory factor”, X. Our purpose is identifying X.

Figure 1,2
<Hypothesis> Content per 100g of oatmeal(mg)
We thought their mucus should be made from what slime 210 260
molds intake. From Figures 1 and 2 on the right, we made a

hypothesis that X is either potassium, K or phosphorus, P.

47
I 39 3 21 028
[

< Previous Study>
When slime molds spread mucus on a culture medium, P K Mg Ca Fe Na Zn Cu
they could not distinguish the places they passed
before. Thus, the population of slime molds which
could identify the shortest path decreased.
(Nakagaki,2016)
Also, slime molds avoid aqueous solutions which

are not between pH4 and pH7 . (Chris R.Reid,2012) S 0.065

I . 1.37 1.4 0.63 0.5 0.5 0.085 0.007

Elemental content of soil (%)

Si Al Fe Ca K Na Mg Ti Mn P S

2 .Experiment

We experimented with only K because of the pH of aqueous solution and ease of the
experiment.

<Methods>

We spread a testing material (mucus,KNOs or KCl)on one half .
of the agar medium, We set up the experimental setup as .
shown in the Figure 3. After that, we observed their

movement for 72 hours. We used Physarum polycephalum . * - - obstacle
for our slime molds.

- - testing material

. . . O -+ +slime molds
<Preliminary Experiment>
We spread mucus on one side of an agar medium and did an
experiment. As a result, our slime molds avoided the places ‘ » + food
where we spread mucus and reached the food. Flgure3
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<Control Experiment> . . . obstacle
The experiment was conducted without applying

any substance to this experimental agar medium.

As a result, it was confirmed that the slime molds - - -slime molds
moved to avoid obstacles and reached the food.

<Formal Experiment> . - - - food
Potassium nitrate (KNOs) and potassium

chloride (KCl), which are neutral, were used as Figure 6
K-containing substances.

KNOs
Numbers of
KNOs | 0.1mol/L | 0.3mol/L | 0.5mol/L Hibers gt sticcesses
0.1mol

Number of
trials ]

Number of
SUCCesses 0.5mol

Probability of
success(%)

33.3 42,9 : 0%  20% 40% 60% 80%  100%

- 0.1mol/L | 0.3mol/L | 0.5mol/L KCl Numbers of successes

Number of
trials

Number of
successes

Probabilitzf%)of 33 3 33 3 ;
success 0% 20% 40% 60% 80% 100%

We define a "successful experiment" as one in which the slime mold does not pass through the
half-surface to which the substance is applied, but moves in the direction of the food.

3 Discussion
- It is quite possible that X is K.
- |t is considered that the concentration of X contained in the mucus is close to or even

higher than 0.5mol/L.

4 Considerations
- We have to check the component of the mucus.
- We want to conduct experiments about P.
- We would like to conduct experiments with high-concentration substances which are not

seemed to be X and with KNOs , KCl and P over 0.5mol/L.

References
- Nakagaki Toshiyuki (2016) Nenkin ni [chisei] haaruka. Tansaibouseibutsu ni [ningenrasisa] no kigen wo saguru, kokou no

kenkyuu https://shochou-kaigi.org/
- Chris R.Reid et al.(2012) Slime Molds uses an externalized spatial “memory” to negative in complex environments
- Takahashi Kazunari(2012) nenkinhenkeitai no kagakusousei wo riyousita koukouseibutsujikken no kaihatsu
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Cannibalistic Behavior of Reticulitermes Speratus

Taguchi Maho Tanaka Yosei Furuya Sena Mizukami Koichi

Termites are social insects, and, in the previous research, it has been found they feed on each
other. We thought the longer they starve, the more they are likely to eat a termite which has a
| scar on the body, we proved this hypothesis.

@ Classes
e @ Injured
|-l:?SociaI insect :>Cann|ballst|c (3 Starvation

Scientific name : Reticulitermes speratus

Behavior
R
ES\\ S ,\;, >

We keep them ‘ NN . '
RN \m Cannibalism did not happen for 4 days.

We investigate changes in cannibalistic behavior ‘Expe ;
over the number of days of starvation.

A wet glass fiber filter paper

e

Prepare 20 workers X 4 sets

Scaronits head  keep under starvation condition

@ for no day
@ for 1 day

3 for 2 days
@ for 3 days

— Injure and paint
injure kee keep keep
o 1 ([0 | a termite in a petri dish

pay 2 Observe injure

B

observe injure

Day 3 obsene e Keep them in a incubator

Day 4

T hcehe Check if cannibalism happens

Check that butter milk paint does not induce
cannibalism of termite.
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RESULT
M 2 are eaten 1is eaten

100% 100% -
- & - &
s E SE
= éso/ 85.7% 83.3% 2

®© 50% H— % -
= 5 62.5% e 8 °%
< £ o 25%
= 3 50.0% =i

ECTTE A S o B o o
0% 0.0% 0% -
0day 1 day 2 days 3 days Oday 1day 2days 3days
The Days of Starvation The Days of Starvation
Experiment.2 Experiment.3

Conclusion

Experiment.2

is alsoincreased with
the passage of days.

A termite was stained bodily
fluids of injured one.

Keeping starvation condition
_ made cannibalism radical.

. Future
perspective

Therate that they eat two termites

Experiment.1

In case that there is noinjured
they did not feed on each other for
at least 4 days

Cannibalism was caused by exist of
injured termites.

Experiment.3

Cannibalism happened once.

-

Injured it mistakenly ?

The possibility of

Unknown if all termites One Hard to control :

took partin injured  humidity. behav.|or _

cannibalism. termites. N | changing with

Research relation between | v Search the  emsele e

the number of termites Multiol ‘3 way we keep ; Experiments with

taking part in cannibalism | Multiple FWay _ | varying |

and the number of da f injured ata certain | 674
yS O ) 'Bh . - - temperature

starvation termite. | EUEIREEEE | it

2l LRI ' d .~ condition.

Cannibalism associated with artificial wounds on the bodies of Reticulitermes
speratus workers and soldiers(Isoptera:Rhinotermitidae);College of Bioresourse
Sciences, Nihon University, Yasuyuki Yamanaka

> a7 Y OFE#M:Tsuyoshi Yoshimura, Shuji Itakura, Ryutaro lwata, Wakako Omura,
Koji Sugio, Yoko Takematsu, Gaku Tokuda, Kenji Matsuura, Toru Miura
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Introduction

These days, batteries are used in various fields.
Batteries that use a liquid electrolyte cannot be
carried unless they are placed in a container, and
there is a problem that liquid leakage . Therefore,
we started research with the goal of making a
semi-solidified voltaic battery and improving the

safety of the voltaic battery.

Preliminary Experiments

Purpose | To change the concentration of
H2SO4and check how HM
pectin and gelatin harden and the
current value.
Method |®We heated the Pure water(30mL) to 90°C,
and added HM pectin( g) or gelatin( g)
@We added H2504 with different molar
concentration(0.10mol/L, 0.50mol/L,
1.00mol/L).
(®We cool the liquid of @ with ice water
@®We use a copper plate and zinc plate as
electrodes and examine the current values

of each.

Result | When using HM pectin, the electrolyte

Semi-solidification of Batteries Using Gelatin

Chemistry Group 3 Ilto Yuma Okada Takuya
Nakanishi Gento Fukushima Sota

Experiment1

Purpose | To study the relationship between the
fluidity of the electrolyte and the
current value by varying the amount of
gelatin.
Use | Gelatin(0.0g, 0.5g, 1.0g, 1.5g,
2.0g), H2S041.0mol/L(30ml), A gas burner
Beakers, An ammeter, Plates (capper and zinc),
Lead wire
Method | ®We heated 30 ml of sulfuric acid to
40°C with a gas burner and add
gelatin (0.0g,0.59,1.0g,1.5g,2.09).
@We cooled-andssolidified the liquid in
(1) inice water.
(®We used a copper plate and a zinc plate
as electrodes, and investigated the

current values of ez

(Figure1) Schematic of the experment
Result1

As the mass of gelatin was increased, the viscosity
increased and the current value became lower.
120

C o 102.5

remains in liquid form, which is not 100

suitable for the semi-solid state of %0

. . : 682

voltaic batteries, the purpose of this 0 576
S 60 : 50.7

research, so we decided to use gelatin, @ 41.0
= 40

which has been successfully converted S

o S 20

to semi-solid state. 5
3 0
> 00 05 10 15 20
= mass [(g)

(Figure2)The relationship between the molar

concentration of H2SO4 added and the current value
extracted
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Experiment2

Purpose | Varying the concentration of sulfuric acid,
examine the gelatin solidification and the
current value.

Use | Gelatin (1.0g), H2504

(0.0mol/L,0.5molo/L, 1.0mol/L, 1.5mol/L,
2.0mol/L) (30ml), A gas burner, Beakers, An
ammeter, Plates (zinc and copper), Lead wire

Method |

(@MWe heated 30 ml of H2S04 (0.0 mol/L, 0.5 mol/L,

1.0 mol/L, 1.5mol/L,2.0mol/L) to 40°C with a gas
burner, add 1.0 g of gelatin, and dissolve.

@ We cooled and solidified the liquid in @ in ice

water.

(3 We used a copper plate and a zinc plate as

electrodes. , and check their current values.

Result?

In Experiment 2, as the molar concentration of H2504
increased, the fluidity of the electrolyte increased, and at
2.0 mol/L, the electrolyte remained liquid. It is
considered that the sulfuric acid destroyed the structure
of gelatin. The current value also increased as the molar
concentration of H2SO4 increased.
1200 1104
100.0
800
60.0
400
200

00 -
00 05 10 15 20

[VIII] on[eA jua.LIng)

Molar concentration [mol/L)
(Figure 2) Relationship between molar concentration

of H.SO4 and current value.

References

- "Extracting chemical energy using slime batteries" Katsumi Nonoguchi

- "Pectin properties and gelation" Hiroshi Miura

- "National University 55 Faculty of Engineering Homepage"

- "Food Development Lab Gelatin-Thorough explanation from the basics-"
Unitech Foods Co., Ltd.

Discussion

- Because the highest current was obtained when
1.0 g of gelatin was added, while maintaining the
defined semi-solid state, we considered that it is the
most ideal semi-solid-state battery for this
experiment.

- In experiment 2, the current value was higher
because the molar concentration of H2S04
increased, or because the structure of gelatin was
broken by H2S04, which increased its fluidity.

Considerations

- Since H2504 destroys the structure of gelatin, we
investigate the change in current when using
electrolytes other than H2SO4.

- In experiment 2, the current value increased because
the molar concentration of sulfuric acid increased, or

because the structure of gelatin was broken by

H2S04, and the fluidity increased.

- We will search for and verify substances that are more
resistant to acid than gelatin and can gel electrolyte.

- We will represent concretely, and investigate its

relationship with current value.

(Picture) From left to right: 0.5g, 0.0g, 1.0g, 1.5g, and 2.0g of
gelatin was added.




&  Optimization of NO: “reduction

Summary

In recent years, nitrogen (mainly NO: ") in various types of wastewater has been causing serious
pollution of natural waters. In this study, copper and various kinds of metal powders were used to reduce
NO: "~ to NH.*, which can be easily removed. As a result of the experiment, it was found that the larger the
difference in potential between the copper and the iron, the higher the reduction efficiency. In addition, we
consider that NOs = was relatively often reduced to NH. * without passing through NO:-when we use Sn
and Fe.

Introduction S

ossmn | o8
CCCCCC

CLIMATE CHANGE

Environmental damage caused by nitrogen become more serious

¥

phost
BIOGEOCHEMICAL

NO: " is contained in household drainage and agricultural drainage ™" X RS,
Improved known method of reducing NOs - e
to more easily removable NH. * e e 2 [ e
Preliminary Experiment Hypothesis
Add copper-supported Fe powder (Fe powder By changing the Fe powder used in the
with copper attached to its surface) to the previous study to a metal powder with a
aqueous solution containing NOs - higher ionization tendency, more reduction
= The reduction of NO:~ to NH. " in the reactions (more efficient reduction reactions)
aqueous solution was confirmed can be carried out in a shorter time
Main Experiment 1 Results 1
1) Immerse iron powder in 1 mol/L hydrochloric We did the experiment for three times
acid for 5 minutes =» Remove oxides First experiment : Sn was not used and NH. * molarity was not

measured due to the availability of chemicals
Third experiment : We made a mistake and did not obtain any

2) Add 0.75 mol/L copper(ll) sulfate solution data for Sn

= Precipitating copper
on the iron surface Y N 102moyy,The Average of Molarity of NOs~,NO:",NH4*
Metal - Metal S 400
3) Filter the powder in 2) i 3.50
=»\NVash with pure water R
=Add to 200 mL of
0.04 mol/L sodium nitrate solution

3.00
. ——g ‘=250 ENO;-
©
) e ff © 2.00 =NO."
4) Stir and leave 3) for about one day s
= Filter them o 1.50 “NH.-
= Measure absordance ) 1.00
= Calculate molarity of NOs"and NO:2~ gy them 0.50
for one day ’
Mg Zn Fe Sn

5) Measure the molarity of NH. * by indophenol
blue absorptiometry

Metal Supported with Copper
— 79 —



Consideration 1
Metal with a higher ionization tendency : The reduction rate of NO;~ to NO,™ and NH,* in the aqueous
solution was high
= \We can reduce NO;~ more efficiently by metals with higher ionization tendency
Mg or Zn: The amount of NO,", which is considered to be a substance in the process of reduction to
NH,*, will also be larger
NO," is more toxic than NO;~ and is less easily removed as well as NO3~

= |t is also important to avoid NO,™ generation
Fe, Sn : The amount of NO,™ generated is small

Main Experiment 2

Preliminary Investigation Experimental Method

- Using the data from the experiment 1, Prepare Fe, Zn, Mg, and Sn powders by the same
we calculated the rate constants for method as in the previous study and add them into
each reaction 400 % 1072 mol/L sodium nitrite solution

- Reaction rate of NOs;~ to NO: " : k,[NO3 ] Examine the absorbance and calculate the molarity
Reaction rate of NO.~ to NH+* : k,[NO; ] of NO:~

* pH is not taken into consideration Calculate the molarity of NH: * by Indophenol blue

absorption spectrophotometry

Result 2

Preliminary Investigation Main Experiment 2

Reaction Rate Constants Calculated Molarity of NO>~,NH.*

h7) from Experiment 1 -

3.50

0.7
3.00

0.6

0.5 ; 250 E [NO;]
2.00

: | | k1

0.3 "k 150 H [NH,*]

0.2 2 1.00

0.1 0.50

[ | ] ‘ . - 0.00

Molarity

Reaction Rate Constants
o
»

Mg Zn Fe sn Z" Fe Sn chgnat:':f
Iron Supported with Cupper Iron Supported with Copper
Consideration 2
Preliminary Investigation Main Experiment 2
= The smaller the ionization tendency, = The larger the ionization tendency,

the more efficient the reduction of NO.~ to NH.* the more efficient the reduction of NO:~ to NH.*

In relatively more cases, NOs ™ is reduced to NH. * without going through NO: -

Conclusion
In terms of reduction efficiency, Mg is suitable
In terms of the burden on the environment, Fe and Sn are suitable

Challenges and Prospects
1.Search for a reduction method with high reduction efficiency and low environmental burden
2.Confirm whether the reduction to NH.* without NO: " is really occurred in the reduction using Fe and Sn
3.Consider from more perspective to make this study practical
Reference 5) Johan Rockstrém. Mattias Klum (G&) ; BRME. AHEET &
1) AEER. BERA ; [HEARPICH T 2MEF/HFHZAVL B)  AFHE, FHETIEDL R ; NSHHROKSHER ; 7T %
7-NO; D=L | BRLES & ) TEWE(LF 625 45 pp3547355 XU — - N7 /ﬁv Y — & RTRE A BRF | AEHAR (2019)
(1994) 6) KTE. KBA—EH1174 ; [MLFERE ; HaThk] RHHR (2021)
2) BRRFOHEN ; [HEBERERICL DM TAERE ZOMNRK 7)) ATFE. AFA—1ZH18% 5 [t ; Falhkl =R (2021)
%] JAERI"Review~2003-007 8) MM IRIRESR (M) s [7 4 bV ATV R (LFXER] EHFH R

3) LRI RT D RMARE OB < ATREME-HMEDOLEE  (2017)

I BRI R BT 9) LA T ; [EFATUEEETHR
2018°03729https://wwwrikenjp/press/2018/20180329_2/ 6397642 (2004)

4) NEPERE 5 [MEZOFHEAR ; BHEThHk] =&= (2019) 10)1t FEE




Improving the efficiency of water electrolysis
using photolysis of titanium dioxide (IV)

Chemistry Group 5

1

| was interested in photocatalytic
reactions using titanium dioxide (1),
and decided to investigate the "Honda-
Fujishima effect," which is a typical
example.

The Honda-Fujijima effect is a
reaction in which titanium dioxide (1V)
is irradiated with ultraviolet light to
cause photolysis and separate water
into oxygen and hydrogen.

In this reaction, which was first
discovered in 1972, water electrolysis
requires a voltage of 1.23 V.

However, by using titanium dioxide (IV)
as the anode, electrolysis of water can
be carried out with a voltage of only
about 0.5 V.

2. preparatory experiments

Electrolysis was carried out by placing
a titanium plate as the anode and a
platinum plate as the cathode in a 0.1
mol/L sulfuric acid solution.

Titanium dioxide (V) plates were
prepared by this operation.

The following experiments were
conducted using methylene blue to
verify whether the oxide film was
stretched.

Six drops of methylene blue were
added to 200 mL of water, and the
solution was divided equally.

- Absorbance

absorption

Through

samie]

Okada Daichi

Takami Ryousuke  Hirakawa Nao  Yamanisi Eita

In this experiment, the lower the amount of methylene
blue, the easier it is for light to pass through.

In this experiment, the less methylene blue, the easier it
is for light to pass through, and thus the smaller the
absorbance.

State when left alone absorbance

initial state 0.652

No titannum dioxide (IV)  Sunlight/0.369
exposure

Contains titanium dioxide (IV) 0.378
Sunlight exposure 30 minutes
Contains titanium dioxide (IV) 0.331
Sunlight exposure 45 minutes
Contains titanium dioxide (IV) 0.308

Sunlight exposure 60 minutes

The absorbance values of the titanium dioxide (V) plates
left after the addition of the titanium dioxide (IV) plates
were lower than those without the addition of the
titanium dioxide (V) plates, indicating that the titanium
dioxide (IV) plates photodegraded methylene blue and
that the titanium plates were covered with an oxide film.

The titanium dioxide (IV) plates that were exposed to
sunlight for a longer period of time decomposed
methylene blue more effectively.
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4. The main experiment

1. electrolysis of water in a 0.1 mol/L sodium hydroxide solution using platinum electrodes for both
anodes.

2. electrolysis of water using a titanium dioxide (V) plate as an anode and a platinum electrode as a
cathode in a sodium hydroxide solution of the same concentration as in 1. The titanium dioxide (1V)
plates are irradiated with ultraviolet rays for 50 minutes and 100 minutes, respectively.

The distance between the electrodes is kept at 1 cm, and the voltage applied is increased by 0.5 V. The
minimum voltage at which water electrolysis occurs is visually confirmed.

When we conducted experiments using titanium plates with an oxide film created by us, we were able to
perform water electrolysis at a lower voltage than when we used platinum electrodes. Therefore, the
effect of the titanium(lV) oxide plate was confirmed

+electrode -electrode Minimum voltage (V)
platinum platinum i
Titanium dioxide (I\V) (100 min) platinum il
Titanium dioxide (IV) (50 min) platinum

Reflection points in this experiment
Since the number of trials is still small and the presence or absence of a unique visual reaction has not
yet been confirmed, we have not been able to obtain reliable data.

We have not obtained sufficient data to make a comparison between titanium dioxide (1V) plates
prepared by anodizing for 50 minutes and titanium dioxide (V) prepared by anodizing for 100 minutes.

6. Summary

Since it is difficult to compare the volume of gas generated by the Honda-Toshima effect, we decided to
compare it by examining the minimum voltage required for water electrolysis.

By changing the oxidation time of titanium dioxide (IV) plates, we obtained titanium dioxide (IV) with a
stronger decomposition effect on organic matter.

By using these titanium dioxide (V) plates with different oxidation times as anodes for water
electrolysis, we were able to confirm that the minimum voltage required for water electrolysis was
reduced by using titanium dioxide (IV) plates as anodes. However, we have not yet conducted enough
experiments to be able to conclude this with certainty, so we would like to repeat the experiments under
the same conditions.

7. Future issues

The number of trials in the experiment was very small, and the results were not reliable.

Therefore, we would like to increase the number of trials to obtain reliable data for consideration.
Therefore, we would like to increase the number of trials to obtain reliable data for consideration.
Therefore, we would like to increase the number of trials to obtain reliable data and discuss the
results. - We will clarify whether there is a correlation between the time required for electrolysis when
making titanium dioxide (IV) plates and the voltage required for electrolysis of water.

8. References
Fujishima A
https://www.jstage.jst.go.ip/article/electrochemistry/71/7/71 568/ article/-char/ja

Mizugoe K, Masahasin
https://www.jstage.jst.go0.ip/article/materia/49/2/49 55/ pdf
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Effect of Obstructions on Water Flow

EREEER

Summary

We were interested in how obstacles placed
in the water flow affect the water flow. We
created a schematic experimental apparatus
and conducted experiments with several
shapes of obstacles. As a result, it was found
that obstacles have the effect of concentrating
the water flow in one part and slowing down
the speed of the water flow, and that these
tendencies could be explained using numerical
simulations.

Prelimi iment

Purpose | Investigate the change in water
flow when the distance between
the obstacle and the marble is
changed

Method | Insert four bolts in either rows A,
B, and C and did experiments

0000

9 9 9 @

Result | Placing obstacles in any row
does not affect the result.

Experiment I

In order to investigate the relationship
between the density of obstacles and the
speed of water flow, we decided on a width of
three rows, and set obstacles in various
patterns as shown below and did experiments.

1 3

- e N )
(28 [e»

o d o
e oo
pos [* ’o'o

@ @ @

61t Ono Yuka Okubo Shoma
Kagii Hana Nakazawa Yura

Method

1.Place a marble, a slotted ruler, and an
obstacle in a water tank where water flow
was generated by a water pump.

2.Set the marble behind the obstacle to see
how the water flow moves the marble.

3.Generate a water current and film the
marble moving with a slow motion camera
and a timer.

4.Determine the speed at which the marble
moved, and therefore the speed of the

water. <M€th0d>
Water pump

<Obstacle>

mOoOO >

J

Marble

Marble

Results I

1.The water flow was faster in pattern 2 than
in 1 even though 1 has no obstacles.

2.The water flow for bolted obstacles
decreased between patterns 2, 3, and 4.

3.The speed of water flow for patterns 4 and 5
was almost the same.

4.The water flow was faster in pattern 6 than
in 2 even though they are similar.

Experiment I

12

° AN

: N
2

Speed of water flow (cm/s)

1 2 3 4
Obstacle shape
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Consideration

1—CObstacle 2 made the water flow in one
direction, which made the water flow
faster.

2—The more centered the bolts are, the more
effective it is as an obstacle.

3—The effect as an obstacle is not related to
the density of the bolts, but to the area of

the obstacle as seen from the marble side.

4—The larger the obstacle as seen from the
marble, the more effective it is as an
obstacle.

Experiment II

We conducted the same experiment with a
width of only two rows.

9 9

concave convex

Results I

Experiment II

L LA -

-

Speed of water flow (emy's)

concave convex

The water flow was faster in the convex
pattern than in the concave pattern.

Discussion II

To discuss the results of Experiment Il, we
simulated the water flow using the following
conditions.

1. Measure the speed of the water flow
produced by the water flow pump and
determine its relative value.

2. After hitting an obstacle, the water flow is
split in half or going straight.

3. Evaluate the magnitude of the impact on
the marble according to the magnitude of
the value of the water flow in the center.

ol 4l1ol ;41 3ol ;41 ;ol 41 ol
O @@ O
o 4] 17 o] 44/ o] 17 4] o]

J
Results

When compared using this simulation, the
water flow equivalent to 49 marbles reached
the convex obstacle, while the water flow
equivalent to 44 marbles reached the concave
obstacle. Therefore, we believe that the
convex obstacle explains why the marbles
were faster.

Conclusion

The water flow was accelerated when the
obstacles were placed only on both sides.

Also, if the obstacle was placed off-center from
the marble, it became more effective as an
obstacle.

Although the numerical simulation was applicable
when considering the results of the convex and
concave obstacles, some of the results were
inconsistent with other experimental results and
need to be improved.

Possible simulation problems

1. The initial value for the magnitude of the water
flow was not the right size.

2. If the spacing between the bolts is different, it
is not possible to simply assume that the
water flow is split in half or going straight.

Future prospective

The numerical simulation that we considered
when discussing the results of Experiment Il
was consistent with some of the results, but
also contradicted some of the other results. In
the future, we would like to consider a more
consistent simulation method.




Rocking of the Perforated Board When Moving

BERIL | j
2 | in Water

Group7 Ogi Kotaro Okamuro Tsubasa
Hoji Haruki Yasuda Gakuto

Summary

We were interested in whether the turbulence-induced shaking
around the board was affected by the presence or absence of
holes in the board.

We conducted experiments with boards of different shapes and
investigated the velocity, the magnitude of the shaking, and the
Reynolds number.

As a result, we found that the board with 6 holes suppressed the
swaying most stably, the board with 4 holes inhibited it best in
the low velocity zone, and the board with 8 holes abrogated it
best in the high velocity zone.

Experiment I Supplement

Purpose | Calculation of the boundary value with and without Not swing]: The plate rises without tilting in

oscillation the vertical direction.

Difference in boundary values due to the shape of the With swing]: The flat plate moves left and

flat plate right or rises while tilting,

compared to the state without
Method | shaking.
[Reynolds Number] R _pvl_vl
Use the six boards shown below. e= M Y
(All of them are almost equal in area.) L [m] is a characteristic linear dimension
v [m/s] is the flow speed

(sar.) (rect.) (i) ol[kg/m3] isthe density of the fluid

wlPa-s] is the dynamic viscosity of the fluid
v [m?2/s] is the kinematic viscosity of the fluid

Result

00O ® o o [=0.003 [m] p= 1000 [kg/m3 ]
OO O O O O L= (set using reference (4))
O O O O O O

[boundary-value of swing]
Board Square | Unperforatd | Rectangle | Unperforated | Circle |Unperforated
square rectangle circle
tel 140 165 145 173 13.0 19.56

VELOCITY[M/S] Re

mx o X mo

o088
o

15

I m I I I

SQUARE RECTANGLE CIRCLE

I o053
06;

SQUARE RECTANGLE CIRCLE

The velocity of the board with holes is higher than that
of the board with holes.

Although the boundary value varies depending on the
shape of the plate.

The boundary value changes depending on the shape
of the board, but the boundary value with holes is larger
in all cases.

—The boundary value with holes is larger in all cases.
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Experiment II

500

400

Purpose | Examining the change in shaking

300

caused by different numbers of holes 200

100

10

Method | Do the same as Experiment |

15 20 25
—-0holes 4holes —6holes —8holes

(Average of shaking range)x100/Re
4holes:radius of hole 0.5cm =
6holes:radius of hole 0.4cm e
@ @%oles:radius of hole 0.3cm =

Result

Horizontal axis is the number of weights
One weight = 0.28[g].

—O0holes 4holes —6holes —8holes

* There was no significant difference in the speed of each plate

* For the 6-hole and 8-hole, the more weights, the smaller the
swing range

* For Re, the difference between each plate is small when the
velocity[m/s] weight is small, but when the weight is large, the difference
becomes large.

03000

02500

* In the case of 10 weights, the 4-hole board had a smaller average
swing width than the other boards, and in the case of 30
weights, the 8-hole board had a smaller average swing width
than the other boards, and the 6-hole board had a relatively
small average swing width for all weights.

0.2000

0.1500

0.1000

00500

0.0000 o 1 - = 30 ConSideration

—Oholes —4holes —6holes —8holes

* By drilling a hole, turbulence is easily suppressed. The
number of holes and the speed of the board will affect
the suppression effect

+ Depending on the number of holes and the speed of the
Average of shaking rangelcm] board changes
s * In this study, four holes were found to be most effective in
300 R the low speed zone, eight holes in the high speed zone,
and six holes in the low speed zone

Future Prospects

* Visualization of the flow around the ascending flat plate

—Ohole;5 4holes zo—6holes —Zéholes . i
* Increase the number of trials through repeated experiments

Reference

DKFTE L BiRIZIE Iz 5 K BIDOAIE
QLA /ILRE | RFTARRAT | VI bDz 7o LA R
https://www.cradle.co.jp/calculation/03rn.html

QL AMRDIEIAFE 55 1 HIEMFRK
https://www.jstage. article /kikaib1979/50/455/50 455 1808/ article/~char/ja
@4 3%F : MG L BMERE

http://skomo.0.007.jp/f28/hp28 43.htm




Rotation of Spinning Tops in a Rotating System
physics8 Ueki Sona 0i Yuki Kawaguchi Ryoma Noda Hinano

OSummary

It is known that the Coriolis force acts on a moving object in a rotating coordinate system,
but in this study, we found that the Coriolis force has a small effect on the spinning top. It
was also found that the rotation time of the top is determined by the velocity of the top,
regardless of the angular velocity of the rotating table.

OResearch motivation/purpose

It is generally known that when an object moves in a rotating system, the Coriolis force is
exerted due to the rotation of the system. We are interested in whether this force affects the
rotation of a rotating object, and we will conduct research on one of these objects, tops.

OExperimentl

The purpose of this experiment was to investigate how much the direction of rotation of the
top affects the rotation time of the top, and to study the effect of the rotation of the earth on
the rotation of the top.

<Hypothesis>
Since the Coriolis force acts counterclockwise, we think the counterclockwise rotation will

be longer.

<Experimental Method>

| . Connect to the power supply and turn the motor.

II. Raise the tube straight up and start measuring the time.

[Il. Stop the measurement when the side of the spinning
top touches the table.

@ Ed & clockwise B counterclockwise
average — . —average
£ -

[figurel] ¢ e M
<Result> o -:l"::' fmpos oo
The results are shown in figure2 on the right. et B T Lk el A
—Coriolis force formula—

F=2mvQsin ¢
m=0.015kg (mass of the spinning top)
v=0.3m/s(velocity of the spinning top)
Q=7.292 x10-5rad/s(angular velocity of the earth)
®=37° (latitude of Japan) [ figure2 ]
=>F=3.95%x10-7 (N)

m
n
i
w

N
=)
>

[
o1
N

Top rotation time

—
=
&

<Conclusion>
The Coriolis force from the earth is so small that it did not affect the results of the

experiment.

OExperiment 2
In order to increase the Coriolis force, the device used in experiment 1 was placed on a
rotating table. Therefore, the angular velocity became larger.
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<Consideration>
The results are shown in figure 3 on the right. : ’C'fkjaij:rage'Countgcce'rf;;zwise
—Calculation of Coriolis force—

m=0.015kg(mass of the spinning top)

v=0.3m/s(velocity of the spinning top)

Q0 =0.46rad/s(angular velocity of the rotating table)

®=90° (latitude)

=>F=4.14 x10-3 [N].

N
Y
1=

N
3

Y
S
5]

Top rotation time(m: s )

I
th
@

<Conclusion>

The downward force parallel to the slope was calculated

to be 2.6 x10-2 [N]. From this, we can conclude that the [figure3]
Coriolis force is 1/6 of this force.

OExperiment 3

When we removed the stand and spun the top under several conditions, the top sometimes
fell off the stand and sometimes did not. According to a previous study, when a ball is rolled on
a rotating table under certain conditions, the ball does not fall off the table but continues to
rotate on the spot. Therefore, we decided to investigate the relationship between the angular
velocity of the rotating table and the rotation speed of the top.

< Experimental procedure > [figure4]

The same operation as in Experiment 2 is performed Relationship between the voltage applied to the top
with the top removed and the top spinning directly on the and the rotation speed of the table
rotating table. The angular velocity of the rotating table
and the voltage of the power supply are varied, and the
time until the top falls off is measured.

20
18

© 16
14
12
10
8

on the table

<Discussion>

Regardless of the rotation speed of the table, the
smaller the voltage ,the longer the rotation time on the
table 0.8 1 1.25 1.5 1.75 2

. . Voltage applied to the to (V)

The higher the voltage, or the greater the rotation speed =~ =" 77 " et
of the top, the shorter the time the top continues to rotation speed of the table (scale)
rotate.

The time that the top kept spinning

—

In the graph in figure4, when the top did not fall off,
the time was set to 20 seconds to make the graph
easier to read . The rotation time was measured twice.
The rotation time is the average of the two
measurements.

OOutlook

- We found that the direction of the rotation of the spinning top was reversed between the
plane and the slope. We believe that the gyroscopic effect is deeply involved in this
phenomenon. We will discuss about this.

- We will examine the effect of the gyroscopic effect on the rotation of the frame using indices
other than rotation time.

References

Mechanics learned from scratch Takuji Tsuzuki

Basic Physics Series 1 Mechanics  Yuji Soejima Tadao Sugiyama
Otsu City Science Museum Spin Disc
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:: The Effect of Rotation of a Stone on stone skipping

Zeze high school group 9  Hayashi Shunsuke Mizutani Masatoshi
Yashiki Itsuki Niwa Kotomi

Summary

We were interested in how the rotation of the stone affects the stone skipping, so we created a device to launch

the stone while rotating it and conducted experiments. As a outcome, we succeeded in demonstrating the effects
of two major types of stone rotation on stone skipping using actual measurements: the trajectory of the stone

becomes more stable when the rotation speed is increased, and the stone becomes less affected by water.

Experimental Device

A stone attached to the motor with a magnet is pushed out by

pulling a rubberized piece of wood and releasing the hand.
Schematic of the device
Extruded
Motor

b , . > \| Wood Chips
' ; 3 Water Tank | Rubber

=5 G 4
y | — . i w
Magne? | BR _1%4?1% A \ The model of
| Stone(Cement) K = p

the stone - |:|

Experiment 1

Purpose | Find out if the rotation of the stone affects the skip rate of the stone skipping.

Method | Fire stones 20 times each with and without rotation and measure the rate of skip.

Result & Consideration 1

Result | From Graph 1, the rotated stone was more than Rate of skipping (times)
twice as likely to skip as the unrotated stone. 20 16/20
Consideration | Rather than the rotation affecting the 15
surface of the water, we thought that the v 7720
rotation might stabilize the axis of the 5 -

With turning Not turning

stone and make it easier to skip.

Experiment 2 Graph1

Purpose : Investigate the relationship between the rate at which stones skip and the stability of the axis, as

well as other influences.

Method | Perform 20 trials for each of the following cases: without rotation of the stone and with rotation
(rotation speed of 18 times/s, 24 times/s, 30 times/s, 34 times/s, and 43 times/s).
Measure the number of times the stone skipped, the number of times the stone rotated vertically
after skipping until it landed on the water, and when the stone skipped, the distance between the
position where the stone first landed on the water and the position where it second landed on the

water (randomly selected for 10 trials).
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Result & Consideration®

Rate of skipping (times)

14 13 .
15 12 12 @igeeeeet L ]
Q..o o ®
9 eeeeseeertt

10 o

5

0

0 10 20 30 40 50

Rotations per second
graph2
About rate the stone skipping i
According to Graph 2, the stability of the stone shaft

increased as the number of rotations increased,

which in turn increased the rate of skipping.

The distance between the first and second place (cm)

o/! 65"

. 50 54 oeeeeeeent °

“ 16,507 L

. ..................... . .
40
20
0
0 10 20 “ . .

Rotations per second

graph4

About the distance after the stone skips |

The two forces that act on the stone at the moment
it lands on the water are FL and F// in Figure 1.
When the rotation speed is increased, the distance
after the skip is larger, so the effect of water on the
stone by F// is smaller,

and the rate of decrease of Figure 1 Fl

the horizontal velocity was Fl/
considered to have

decreased.

Conclusion and OQutcome

Average of the number; vertical rotation (times)

0.8
0.6
0.4

04 ... ...................... . 025 025

P S o....0
02 .................... 01

g g

0

0 L . 0 40 50

Rotations per second
graph3
About vertical rotation |
After hitting the water surface and skipping up, vertical

rotation is less likely to occur, so the higher the number of

rotations made the more stable the trajectory.

Speed per second (m/s)

5
410 3.99
4 354 . ....... .
>89 3;.2.2‘ ...... PR
3 @B e s
2.86

2
1
0

0 10 20 . . )

Rotations per second
graph5
About horizontal velocity of the stone |

We measured the horizontal speed of the stone to
show the consideration of the distance after the
stone bounced.

As a result, the speed increased with the number of
rotations, according to Graph 5.

That is because that the fact that the stone was less
susceptible to the effect of water (water slows down
the horizontal speed of the stone due to F//, so to
speak, a kind of braking effect) as the number of

rotations increased.

It was found that when the rotation speed was increased, the rotation axis of the stone became more stable and

the stone was less affected by the water.

The outcome of this research is that the effect of the rotation of the stone on the stone skipping was shown using

actual measured data.

Future Prospects + Increase the number of trials to improve the reliability of the results.

- Automate the device as the stones were being fired manually.

- Consider other effects of stone rotation.

References i https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.94.174501

I'Theoretical and Numerical Approach to “Magic Angle” of Stone Skipping.
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Generalization

of Cyclotomic Polynomials

Based on Its Minimality

Group 10

Ryusei Tanabe, Shinnosuke Tokita,
Kohei Miyata, Tomonao Muraki

Summary

Cyclotomic polynomial is known as the minimal polynomial of
numbers. We considered the minimal polynomials of

over the rational
over expanded number systems

and generalized cyclotomic polynomials. We also proved that the polynomials have

similar properties as the original cyclotomic po

Primitive nth-Roots of Unity

lynomials.

Cyclotomic Polynomials

[ Definition: nth-Roots of Unity]
A number x satisfying the equation,
" —-1=0

2r . . 2«
COS — +12SIn —
n n

let ¢, be

nth-roots of unity are ., 2, ..., ()
[ Definition: Primitive nth-roots of Unity]
If xis not an mth-root of unity form<n,
X is a primitive nth- root of unity.
k and n are coprime.
& Cﬁ is a primitive nth-root of unity.

| 2
Cr2
Ci2

G

iy Gy =
7 11
G2 12

10
12

G (12

A The 12t roots of unity ¢f2 (1 <k <12)
in the complex plane.
They divide unit circle equally.
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[Def. Cyclotomic Polynomials)
Cyclotomic polynomial is a polynomial whose
roots are all primitive nth roots of unity.
They are defined as,

(2)= ][ @-¢h)
1<k<n
ged(k,n)=1
e.g. Ifn=12,

2 —1=(z—Go)w—¢f) - (@ — (i3
extract the primitive nth roots of unity

D12(z) = (z — Cr2)(z — (o) (@ — (o) (=

=z'—2°+1

)

Al
i)

)

is a 12t cyclotomic polynomial.
Property.1 : With integer coefficients

All coefficients in cyclotomic polynomials are
integers.

Property.2 : Minimal polynomials
<Minimal polynomial over the rational numbers of a>
Minimal polynomial of a over the rational
numbers is defined as the monic polynomial of
least degree among all polynomials having a as
a root.
Cyclotomic polynomials are minimal
polynomials of ¢.over the rational numbers.



Generalization of (I)n (ZU)

Properties

Cyclotomic polynomial is the minimal
polynomial of Cn over the rational numbers.

We consider the minimal polynomial of G
over other number systems.

[Expansion of Number Systems)

/ Rational numbers and C5 }
3 3
=G+ o Cs

Rational numbers and+/5

\

NG —-1++/5
B VS 2

Rational numbers 2 C5 + \/5
Ll 9.5

KO 2.022 2 /

*VE=G-G-E+G

The minimal polynomial of Cs
over the rational numbers

3+t +r+1

over the rational numbers and v/5

-1+ 5

- O

over the rational numbers and C5
=

Def : Generalized Cyclotomic Polynomial

Suppose that n be a positive integer, H be a
subgroup of Gal(Q(¢.)/Q) , T €Gal(Q(¢r)
/Q) , We defined the polynomial ¥, - 1) ()
as the following.

‘Ij(n,TH) () = H (x — a(Cn))

oeETH

On the Galois correspondence of Q(¢,)/Q,
let M be the intermediate corresponded to H,
We proved that W is the minimal polynomial
of 7(¢») over M. Thus we defined generaliz-
-ed cyclotomic polynomials sufficiently.

The coefficients of generalized cyclotomic
polynomials we defined are integers of
expanded number systems.

Conclusion

* We generalized cyclotomic polynomials
by consideration one of properties of
cyclotomic polynomials.

* We proved that generalized cyclotomic
polynomials have same properties as
original cyclotomic polynomials.

Prospects

* We want to consider properties of
generalized cyclotomic polynomials more.

Reference

- EBIRE R#EF2 RefeHo
73] BAFERAL

- J.Neukirch [Algebraische Zahlentheori-
-e]
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