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Determine the best angle for long throwing

Abstract

To improve our long throwing skills, we sought the best angle from three
methods. At first, we did throw the ball outside. Next, we made a device to
throw the ball at fixed angles. Finally, we made a simulator to optimize the
angle. From these three methods, we found the best angle for long througing.
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Geometric aspects of analytical mechanics and application to general relativity

Abstract
We derive the Hamiltonian of the gravitational field using the 3+1 decomposition.
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lattice points from which we can see the origin

Abstract

We read a research about lattice points from which we can see the origin and think
that we can get more precise data by regarding lattice points on a plane as circles.
Then, in the same way as the previous research, we calculated the probability that
people on each lattice point can see the origin in terms of changing seats.
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Polygon area formula

Abstract

We focused on the polygon which inscribed in a circle, and tried to find a new formula
about its area. First, we want to find an area formula of a pentagon inscribed in a
circle. However, we can’t find common points to Brahmagupta’s formula. We wonder
if we should expand easy formula gradually after add some conditions.
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Solving shortest distance problems for figures using a Steiner tree

Abstract

We have researched the shortest distances needed to connect the points of various
figures, reaching both a mathematical and scientific solution for a triangle, square, and
pentagon using a Steiner tree.
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Building a basic arithmetic engine on Conway’s Game of Life

Abstract

The purpose of this research is to build an arithmetic engine which is possible to
calculate basic arithmetic operations in the world of Life Games. Specifically, this
research starts with creating the logic circuit to express NOT, AND, OR, XOR. Also,
It should be possible to show the result in an easy-to-understand way.
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Find the optimal angle for shooting.

Abstract

Objective: To calculate the angle of a shot that can be taken from any
distance.

Method: Raise the ball above the ground and find the initial velocity.
Change the distance and find the angle of the shot for each distance.
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Regular polygon and approximation of circle

Abstract
The equation of a circle is derived by expressing a regular n-sided polygon on a coordinate

plane and making “n” to be sufficiently close to infinite.
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Curves defined by x*+y* =1

Abstract
The purpose of this study is to find out the relationship between curves defined by x*+y* =1 and k.
The paper examined general forms of the curves by displaying them in GeoGebra. The authors discovered that the concavity

and convexity of the curves are determined by the size relationship between k and 1.
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Shadows cast by fractal figures

When the fractal figure is a plain figure or a space figure, compare the shadows that are formed on the plain when the entire
figure is illuminated, find a relationship. In addition, what has been put into practical use is a combination of solids such as

the Sierpinski tetrahedron, and we will consider why it is put into practical use.

1. HAY
777 NG (AR TIEY =V EAF—DF ¥ Ay b, =y b2l D) BEERETH 58, ZRRETH D
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7B D4, GeoGebra 2 VTR Z1EY | EMEKRDR CNDONEICH HLDOZTNENOFEEZ @D EME . ZHIFE
TREME N E R L, BEENET S,
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EOEBRE 2 WO, HD@EDZEMMRL D Z EBNbholz, KIEOTH EHOiEDLEMR L~ TE D,
—HAUB—=DRR TR, WIZENERS>TWDZD, OB ZE/ITR0>T,
4. BE
TI 7 ZNVEENFEE THoTe%E, KOMEITH LEICH—y FOLBREOEERFY A7y P REVWZ PR TE
D, VI AE VAR —DX vy A7y NTIHERINEUEE, Vo LB A —Dh—~Xy NTHEREINEAEE (A T—0 A
RoY) ENENORIL, UEETIHERAEORBOZELIZH 575, REEIZITRNZ Enb, MEENFEARICE-720lE, A

L0 RSO RO S D Z OWEEORIHIEENE L TOZ0 TRAVNE S LS. £ —<y FOKE, AT
e RBMHE L, MICBOTT7 I 7 SARBTHD L5 T LR EFLR< RS TLE ) 2 Ehbhotk,
5. fiiif

TV E VAR —ONERIIEONEOELE DT BDIHIRAITH -7, —F. AT —DAR VI WNTOSHEK L &
W R B o Tz,

6. ZE Ik
GeoGebra (XIJEAERLRFIZEE )
7. ¥—U—VFR

7T 7 2NV KA S



mIIEmFER
Ichikawa High School

Erdos Szekeres FHEMERICM T1-k-cap l-cup BEIRDHLE
Extension of the k-cap I-cup theory to solve Erdos Szekeres conjecture

Abstract

Let g(k,1) denote the least integer such that any set of g(k,l) points in general position in the
plane always contain k-cap, [-cup or (k — 1)-cap and (I — 1)-cup which have endpoints in
common. We believe the function g(k,l) exists and, tried to solve Erdés Szekeres conjecture.

1. &

ST L O — B OALE O SEEGITK U, M TE BN FET D T2 O 72 SO R %k k-cap
Di/MEZE fes(n) EBL.ZDEE frg) =22 +1 BNK VL E W) THEE
Erdds Szekeres TAHEL WS . F7o xyFHEICAEEGEZHOIAALTEZZ L X, kA //\
AN xJEEOBIME & HICBEY A 9 2O E 8 HD LT D% k-cap,
LSAES D EEOBINE & HITBED & 9 25O ERBML TV D% l-cup & l-cup
WH. I T, OB S D SERITK L, k-cap £721E l-cup BIFET H 728
LB RO O MEE f(k 1) &B<.

2. RITHRE
Fle D) = (" ;{r ! P HN+1 (P.Erds, G. Szekeres, 1935)
22 41 < frs(n) (P.Erdés, G. Szekeres, 1960 — 61)
2n—75 , . (M
fos(n) < (n”_ , J+1 (@=5)  (G.Téth,P.Valtr,2005) (M) = .6

3. BW - ®R

fes(m) DXV BV ENDOFHI 215G 2 72012, Fili EO— R ONED SmEAITH L, k-cap F721Z
l-cup FFEESEZIEET S (k—1D-cap & (I —1)-cup BIFET DT DITHLEREOEE gk, 1)
IZOWTEZD. 2D & EEHOBMMBKIET SEROZESL—BEMEIC DN T~

4. BEXH

1. P.Erdos and G. Szekeres, A combinatorial problem in geometry, Compositio Math., 2(1935),463 — 470

2. P.Erdds and G. Szekeres, On some extremum problems in elementary geometry, Ann. Univ. Sci. Budapest,
3 —4(1960 — 61),53 — 62

3. F.R.K.Chungand R. L. Graham, Forced Convex n — Gons in the Plane, Discrete & Computational
Geometry, 19(1998),367 — 371

5. ¥—7J—F
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HBEMAEZL 2BIEHELEaS v Y FRADIEA
Sequences with self-similarity and
applications to the extended Collatz problem

Abstract

The sequence which appear in the similar problem of the Collatz problem has the self-similarity which the

same property as that of m-La suite de lézard, which the sequence formed by extracting terms that are

multiples of m and residual terms coincide with the original sequence. Applying it to the Collatz problem, |

found that there is a partial self-similarity.

1. &

OHCHE%Z b S%% (n-La suite de lézard)

c (m OEE) FROHEEZEY H LT TE 50
TLOEFN & —ET 5

O THTTELIEINBILOEIN E—FHT 5

#1)3-La suite de lézard
1,201,1,0,1,2,@ 1, 2, -

X ODLZARTRTH Kol ZARZITHR

THIDEINEFLCTH D

2. @8

@=a7 vy PROBEUMELILR L= T v Y T~
FEL R

{ L (n = 0 (mod m))
m
(m—1n+p (n = p (mod m))
LR L7z=2 7 v T4
{ % (n = 0 (mod m))
(m+Dn+m-p (n=p(modm))

(miZ 2 LD ESE, pid (m—1) LLFOHEKE)

[ELME] m=30L & 1-3>1> 272 1 DR E 29602 L7202 2 DIERNEINIZ,
T n= 10RO EEEXN DL 1,2,1,1,1,2,1,2,1,1,2,1, & 720, ZhiL3-La suite de
lézard OWEAEZ O LB olz, EHIT, THUFE—WILTED Z LB bh o7z,
[($RBE L7225 oY FH] m=3D & & 156-2-9-3—1 L 725 1 DFFER L 753010 —>21—>7- L /2
27 OFEENBNTZ, n=100EROBEAEFEZIN~2L1,1,1,1,7,1,7,7,1,7, - L7 d, T

@O n=0(mod3) PHEAZIRY L TTEHHINTOEINE —ET 5

@ n=230mod4) DEAZWMY B L TTELIEINN TOBINEBLE—ET D
EWVOMEE LD, EROMBEICS O L ZABAMEEREE O R,

3. B8R s

aZ Y PRICECHER S 50130 Teh, EERERRIZOMPIITZES k) oT, Linlm=kD
L& mod (k+1) THCHEAZMET DI LNTENT 2T v Y PREMRTE D, o, BEROFESIHEIR D
BOBAWEZEZ D2 LT, a7 v Y PRIC LT DIERIADINZRNZ E2REL0TERVNEE R,

4. BEXE

F T A A REEM https://oeis. org/A117943
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Senior High School at Komaba, University of Tsukuba

XIERER=H TS5 AREEDRKE L

Optimization of staffing in preparation for school festival

Abstract

In this study, in order to minimize the preparation period for the school festival, |
examined how many people should be assigned to each position. In addition, by
considering the working procedure, | built a more realistic model. Then, | found the
optimum solution using the Excel solver.
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LCW5, FRCHFERD Y7 7 ATiE, UEEY H O] 6 RRIRTHFEZ Kb LD
EWVWIIAEFENMT AN ST, & 2 CRITAFEDEBEDEERIUIIT VT T L &4
L., BEWIAT ANBL D TIUXER I 2 i/ METZ 200 EID L7z E B 2|
ZDOMRE MG DHITE T,

2. Bk
BEBICEDTAIAMZEZEHTHE., BHBER THIEEBBZR/NMET B LS
BHAEOLEERDT=, -, BHABED 21 ATHEZ LEZFIHEHE LT

3. B8
EEBEARBILT FRIOBEMZEZ TRLIEEZERRTET -,

4. EER

7T ADBELEF T AT RZ WO FmP TN, EBRETEL -T2 E LT
— NTE LAV, FE 2 EENERFIISRMICHEAAN SN TZ05, B8ANDEE 72 % &4
ELTEBETHZLIFTTE o7, MADREI A% EFRELSFHEICTENITH/ERD
EBbbHnt L,
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Bl 2014 &
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RBEOEY & BARITBTOREEROREE
The expression of non-negative integers
with infinite cardinal numbers and finite digits

Abstract

In this research, inspired by the problem in SLP, I've determined all the possible
numerous system in which every non-negative integer can be expressed by using
infinite kinds of cardinal numbers and only finite digits.

1. BB

JeH. IMO SLP ZifioCWd &, ko X5 REICH S > 72, 1998 FIT/EL L
THETH 5,

Let ao, a1, a2, ... be an increasing sequence of nonnegative integers such that every
nonnegative integer can be expressed uniquely in the form a; + 2a; + 4ak, where i,
j and k are not necessarily distinct. Determine aiggs.

—HRTEBZmM -3 {an} PMFET D LIZEFTEN A, FFIC a;, &, ax
D 1,241 EVSRBDBAELNHLIONZERMICB oT-c CHADBRHARDEH
Thbd. RO&LH>THEREZITOT =,

[EE]

No<Ni<N2<..<NnZ@f=FT BRH No, Ni, N2, ..., Nn [T L. RDKSGEHK%
- IEEBERDEIES BOFEET H5H LD,

S FEDOEEEH xITH L. x =boNo + biN1 +b2N2 + ... + boNn Z 729 B D
EXDH(bo, b1, b2, ..., bn)A B £ 5 E LI FTHEET .

2. #R - R

REL-MEDEZAIE 2 LEOBAE m ZALVT(No, N1, Nz, ..., Nn)=(1, m,
m2, .. mYEREINBIERERT I ENTEL,

3. RE

FOREDO I B 5 —ibe LT, XFORDLHIMZ FZHITIE LI2gGa. v
HEFELE L THOBObDERM LIZGEREREZ LD,

4. BEXH

https://artofproblemsolving.com/community/c6h18498p124444
5. ¥—7—F
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Yokohama Science Frontier High School

10 #HECIF 2 HiEmR K DIES AT
The Largest Regular Polygon Shapes an Origami Can Make

Abstract:

The objective of the study is to determine and create the largest regular polygon shape possible, via
a 15cm x 15¢m square origami paper by folding the paper to determine the length of the shape’s sides.
An equilateral triangle, a regular pentagon, and a regular hexagon are all the largest polygon shapes

possible to be created within the available area of the origami.
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IETROH Y il 5T & 2 MR AKDIEL AT O Y 7T 2R T 5.
2. Tk
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https://www.youtube.com/watch?v=Bi9907cvyWA
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WADY L vy=ZHv7onw U %S 3 I7EOKRE

Examination of decreasing bullying by using Prisoner’s dilemma

Abstract
Prisoner’s dilemma, which has been used in a lot of fields, is a model of game theory. This

time I thought that I would be able to decrease the occurrence of bullying by using it.
1. HY
MADYLv=] twi 7 —LzZMAVT, FRATOWLED 2RO Tz Ao0 5%,
2. ik
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Abstract

In order to analyze the Collatz conjecture in mathematical terms, we created a mathematical
formula to find the result by determining the initial values and operations of the Collatz
conjecture, and obtained propositions that are equivalent to the Collatz conjecture.
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a7y OEE EEOBRBICH LT, e biX3fF LT, ks 2 THD)
DOfERZIE, 27 vV OERRFET 28| 2> TET, ToXzeKic=aT vy Fi%
xKiLT 5,
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2x+1

Wb anr = fla), g(a,) UELf(x) = —,g(x) =’2—Ckﬁ‘é) iR, TOXE, a2 F£ T

ICEE L, a, = 12RALEREH ST, 27 v Y THRLEFRERMELZRD 5,
3. #R

HoEEE L (0FX1RTHEEE LZEBEZXDETD) | FHITKHT 2HIEN, cllE I
o= FEICxT 2 L EORE, T oMk LizBlab. 35, £/2, HDHEk LT,
ALK T D BAED | elnl BITAT O ATkt 2 0E L 72 B EDO R, 2 ol L7 El¥ % d,
L35,
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TERINDETDE, yIETOAREZ LY 95, | EWomElE, =27 vy Y PRLEFEIETH
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4. ER
O, 27 v Y PRIE Ing =0, n (IEARB)IMEEOARE L LT, aylda; =-1.n;>1
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An appropriate strategy for Al that gives its opponents wins

Abstract

In this study, | searched for an appropriate strategy for "Entertainment Al.” For this purpose, |
created some Entertainment Al with various strategies. And | determined the best strategy by
examining the win rates and the numbers of moves against other programs. As a result, | showed
that the best strategy is to close the predicted win rate to 50%.

1. BHHM

(BN R— RS =2 AT LV DI ELABNDN, AR BIZED AT £V DEHEY
£\, ZDTd, AT THERF 32 ALIZEDR S ICEBTE LN HRAET L2 L e LT,
2. Bk

FPTAXI M T4 —DOR— R, JHF LD 707 T 5&HE Lz, B AT TN 200
gz AR L, T THL7 e 7T A Lxtkst, Bk, T BEEOSITENLERFOTZD
WCENT- R E RO,
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A B 213 ERIEE < SRR o dn, 2 LOEHERE S < 213 EFHITED
720
4. EE

@, @DHEREIEALSED LIBFERPLFHNEDD Z LIFWLENTDND,

Do UL, FRIBEERZ 00T & 9 &3 2 L BIEOFMED B WK 2k = F 4
TH, BOWFICIERWFEZITE I L THZ LI bd, NT U RAEEYOOFiiEE BT &
EDDTFEPIER TS TOTIERNINE B 2Tz, BN 50%% T |l > 7o OI3EAF AT O
B> TWA T AT ZANERTLTY A THL - LICHEL TS EEZZ LN,
5. #if

A5 AT) ICBWTHIBRIEN R E . UV —F DR B - FROBRMIEL RHT 2 &8
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The 23rd Game Programming Workshop 2018 p114-119
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Making the stereo photo of Penrose triangle
Abstract
Human eyes are Binocular stereoscopic organs. Based on this idea, I used stereo
photos to check the Image informations that we can see and discovered the way
how to see the Impossible solids based on Trompe 1’ oeil like Penrose triangle
with Binocular stereoscopic. As the result I could make stereo photos (photo
1, 2).
1. BHM
AWFFETIX, MRS 21T > TV D IRRE THR LA DEEHNLIR & WL 2 ik &gt L
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24 Ry FERINOHBNOHR
The research about reciprocal Fibonacci constant

Abstract
It is known that there is the reciprocal Fibonacci constant. However,
most of the properties of that are still unknown. To find a new

property, I did this research by changing the second term.
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4. EXE
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On how to solve various equations with origami

Abstract

Earlier, it was known that the solution of quadratic and cubic equations can be
obtained using origami.Our first goal was to obtain solutions to various equations,
including higher-order equations, using origami. Furthermore, we attempted to obtain
information about physical objects, such as mechanical motion, from origami.
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Abstract

In the process of resonance, after an object is vibrated, the object can be broken. We studied the previous
researches and found that the natural frequency is deeply related to this phenomenon. So, we are examining
mathematical classification of the natural frequency. We are expecting that the waveforms of the sound of
various musical instruments can be measured with an oscilloscope and classified as mathematical formulas.
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ndgame(d-dimension Tic-Tac-Toe)

Abstract

In a tic-tac-toe game with different number of squares per side n and dimension d, we defined a
“line” as a row of n O or X's and an “element” as the number of "lines" passing through each
square, and investigated the relation between the “element” E, the number of "lines" L, n, and d.
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The Sum of Internal angle and External angle about Star Polygons

Abstract

In figures written with a single stroke of the brush, we proved formula to find the sum of internal
angle and external angle about star polygons by using the method collecting exterior. As a result of
viewing figures which couldn’t written with a single stroke of the brush, we derived that the sum of

interior is 360°p and the sum of exterior is 180°(n-2p) in all star polygons.
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Prove the turn alternation of pill bugs by using the Markov chain.

Abstract

We proved the turn alternation of pill bugs by using the Markov chain in the experiment. First, we put in
and run pill bugs in the maze. As a result, we got the 1015 date and we made the alternation of pill bugs into a
mathematical model and prove whether it is mathematically correct. From the result, we reached that turn
alternation is the Markov chain. And the state of the pill bugs in the nth step is stochastically obtained.
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Paradox of Probability

Abstract

Expressing the paradox that satisfies a proposition in a general expression.

1. BW

WOMBNZBNWT, EOMEEZLEKE LT, RONRT N7 A&ili-d s
EpZ &

<A >2 HOAF GH A, F B IS n i (n (X2 LA EO B ARE) o (C1, C2...Cn)
D, B - HANOHLENET EIZHITHENTASTND, ClOEE 1 fEHIL->T
W= DR E PL, C2DEA 1 HE-> TY7-5FE4 P2...Cn DEAE 1 > TY7-
HiMERE Pn LT, ZOLE, EHLOFTYH PIKP2-<Pn &5, 2 HOHZE
ORI E, POPDOPn ERDIIRBI(NT R X)L LN TE D,

2. Bk
OGN SIS EFTHEL, Yul T IV FEE VBA VT Excel ETF
HL., MiEE{T-7=

3. BF

MBEITETHDLEOMD  ZHDONRT RITRBEHLZ ENTE, £/-. XT K
I A&l T R EED T Z LIS L, &6, RIS EEY O T
T, TOREOWRE Y HFITHAIERS - 7=,

4. ER
INT R ARBTG5 ENN 5 — U BEN B - 7205, F XU EE
DO0LLEDEREZ ANT-LE L THENNNT K7 A Zml=T EIXB O 2o 7=,

5. %

—ERATAER R < PR D BT DERIEE R D B UER D B,
6. &k
BeF OB 7 — < BUO L v 1

7. ¥—J—F
NT KT AR R R TarsIIvs



BHEBMIIMEEFER
Koyo high school

24 Ry F#I
Studies of Fibonacci sequences

Abstract
Since the sum of squares of Fibonacci numbers can be expressed in a
beautiful form (1))we seek what the sum of n squares will be.
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Continued Fraction Expansion of an Irrational Number

Abstract

Fractions that are included are called “continued fractions”.
A continued fraction is also known as a regular continued fraction.
In this experiment, we unified all the numerators to 1.
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Number decomposition from an elementary point of view

Abstract

| tried to decompose the prime numbers in the other fields. | succeeded in
proving that the fact that a prime number p is the type 4n+1 is equivalent to the fact
that it decomposes into a product of two complex numbers. | made a prediction
about prime numbers.
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Expansions of the Apollonius theorem and the Stewart’s theorem

Abstract

We know that the Apollonius theorem is valid for the midpoint of the side BC in a
triangle ABC. In this study, by applying the Stewart theorem for the point P, which
freely divides the side BC, a new equation was elicited to yield the length of the
segment AP if the side BC is equally divided by an arbitrary number of points.
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1. abstract

In this study, a program of the generation and disappearance process of the
milk crown was created based on the video. As a result, we succeeded in
simulating that a milk crown was visualized by a cubic curve and a matrix.
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Extension of Sine

Abstract

The sine function is only defined for absolute values less than or equal to one
when the variable is a real number. Here we have considered a case where the
absolute value of the sine function is not less than one.
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Restorable Numbers

Abstract

Let S(n) be the sum of positive divisors of a positive integer n. A positive integer n
is said to be Restorable Number if there exists an « and 3 such that they are
positive divisors of n, aren’t equal to n, S(n)-2 « -2 3 =2n. We consider some
property of Restorable Numbers.
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Deviation value error

Abstract
A formula @, which is the definition of deviation value, is difficult to calculate
deviation value. A formula @ is known as a formula to calculate an approximate
deviation value easily. This paper is to investigate the error between @ and ©.
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Natural number with a property same as 49

Abstract

When the two perfect squares,2? and 32 are put in this order,they makes 49,which is also a perfect
square. Similarly,is there any natural number,n that makes such a square which is composed of two
sequential perfect square,n? and (n + 1)? except n = 2,which equals 49? At the moment,this question is

yet to be completely solved. However,in some cases,this is proved algebraically.
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Mathematical consideration of the regularity of the Rubik’s cube

Abstract

This study will find a mathematical method for elucidating how many repetitions are necessary for Rubik’s
cube to return to its original position. We numbered all 48 sides, and examined the movement of each side.
We found out that the number of repetition corresponds to the LCM of the number of times of repetition

where dihedron and trihedron respectively return to their original position.
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Discriminating the clothing brands by using Al

Abstract

There are many kinds of clothes which are cheap and of great quality in the market. However, even the
same clothes are sold at different prices on the Internet. Therefore, we decided to solve this problem and
we hope people can buy clothes at the proper price in the future. We decided to make computer programs
showing us the proper price. At first, we produce the programs of discriminating clothing brands.
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Collinearity Proof of Triangle Centers regarding Morley’s Theorem

Abstract

In 1899, F. Morley proved Morley’s trisector theorem, which states that the intersections of
a triangle’s trisectors form an equilateral triangle. Then, in 1913, F. Glanville Taylor and W.
L. Marr defined some centers of triangles concerning Morley's theorem. We proved that
these centers are collinear by means of elementary geometry.
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The area of a regular polygon inscribing the unit circle and that of
a regular polygon circumscribing the circle

Abstract

It is known that a regular polygon whose sides are larger in number approaches a
circle. Therefore, we discovered a relationship between the area of a regular polygon
inscribing the unit circle and that of a regular polygon circumscribing the circle by using
the Geometric mean and the Harmonic mean.
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About the Remainder When Fibonacci Sequence Is Devided By Prime Number

Abstract
The Fibonacci number appears in natural world, and has interesting nature. Also, it is
known that when the Fibonacci number is divided by natural numbers, its reminders form

cyclic progression.
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Proof of a “O X game” in n X n squares ending in a draw

Abstract
A “O X game” is a simple game that is known among Japanese children. It’s made of 3 X 3 squares, and the
player’s goal is lining O or X up lengthways, sideways or diagonally.

The fact that this game always ends in a draw is famous. We thought this game made of n X n squares also
end in a draw, and tried to prove it mathematically.
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Cutan ‘envelope’ in one stroke

Abstract
Define the shape ‘envelope’ and cut out any triangle drawn on it. However, the

envelope can only be cut once, and it must be cut in a straight line. Therefore, it is
assumed that the envelope can be folded many times. We are studying the laws of
this method and the conditions under which this method exists.
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Expanding Napoleon’s triangle

Abstract
Prior research was Napoleon’s triangle and its extensions. | thought that these could
be further expanded.
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Substitution rule for large planar pentagonal rings

ABSTRACT

A planar pentagonal ring of length n is a ring of n congruent pentagons in the plane connected

by edges. We are checking a nature of planar pentagonal rings.
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Efficiency of building reinforcement

Abstract
The purpose of this study is to discover a way to reinforce building with as few
diagonal braces as possible. We found out a method of calculating the number of
minimum diagonal braces. We found out the characteristics of figures to which t
his method cannot be applied.
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Multiple Determination Method

Abstract

We studied judgement method of multiple that we can apply to all integers. Besides, we also studied
how to get quotients and remainders. By using congruent expression, we finally derive a simple formula

we can apply to all integers.

L J=[if]

BHOBENT 02O, TRTCOBBIGHEHTE 2580 EREESL, /-, AFRACEEEHWT
ExBHI LT, MAOHMD» MR EED B,

@ik

TARTOBEN 3T ab ZHT 10a+b L WHHHELIBICHODLT LR TE S, ZOREEMENL T,
ERHIER T 27200 0R%E2, . ARRXPEEHCTL Y HEFEEED 2,

| JatN

FRICERDOBRGIRVIR Y CFIIT_RTERLET S, Bon2BENLET 5,
N=10a+b--O&ET, O%ii7zd ab % t 5,

H2¥E kL, RKo2FEx, KOIZRVEY 0=Zy<kDBEK) L5,

DL VYN =10a+b=ka+{(10—k)a+ b}t ET LN TE 5,

(10-K)a+ bz k CTEoTLEDFEEm, RV%n (0Sn<kOEH)ELTDHL, xyiE

x=a+m y=mbRITIELENTES,

FRlZy=n=0DL & NIZkDEHKTH D,

10°DALD¥F % ay. 101 DALOETF % ay, L0 DN DT Ha kT D,
NEmiiEl, 0Sa<kx@ili-dE8HarldL,

m

Z a;(10 — k)=* = a(mod k)
i=1

ERTLENTE B,
CDLXqINZEkTHS2EZDORNVTH S, FliCa=0DL X, NiZkDEETH 3,

@= %

SEEEH L 72 AXEH T IR COBEICGHEHH TE 28O HEE#EL R TE 2, 2206, ARAS
B A WTE 2322 C, LVHUVR2FEDLILHETEE, 5%, ZOHEEZHTTAITY) X LELED
S CREIGETCHEZWE-ES,

®:—v—F
[ERCHIE, ARRGEA BROWE), 7o) X2



KERFFILKFRIE FAEK

Otemae Senior High School

ARESICE TS AEZERM

Topological space in a finite set

Abstract
We found a method of making topological space in a finite set.
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National anthem and curvature

Abstract

We tried to visualize melodies of some national anthems as graphics by using “curvature” and tried
to find resemblances between the graphics. We drew dots on the rectangular coordinate system based on
the musical scores of the 9 countries. Then, we graphed two each of them by using parabola, and calculated
the curvature at each note. After we considered the tempo of music, we defined a new indicator to make

the best graph. As a result, we found that the graphs can show how energetic the music is
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