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Benford’s Law
fiA FnEA
Kazuaki Tateishi
Abstract
Benford’s Law is the law that shows the distribution of the number value in the highest digit. | did some
experiments to illustrate Benford’s Law. And, | considered application to practical use.
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Mathematical expression of input and output-point on 4-bar linkage

HH OB
Yoshida Shinya

Abstract

I derived a function about input and output-point on 4-bar |inkage.
Furthermore, I represented the graph of the function by using computer
software.
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The Theory Of Knots And The Game
BN BBE. M R, EH OEAE

Kisumi Nomura,Kanako Masubuchi,Ayumi yoshida

Abstract

There are many knots around us, but you don’t know them well. Therefore, we made a game applied to
the theory of knots to have you known them. Then,we studied a knack for winning in the game: we

found algorithm and made flow chart.
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A number-theoretical method of understanding infinite series
M 5 AL 2 4F IR AL
Abstract
We managed to obtain a significant way of understanding some sorts of infinite series, such as infinite

geometric series, in a number-theoretical style.
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On some properties about factoradic
e Kaijo High School
WA
Tetsu Yamaguchi

Abstract

We found a scale of notation named factoradic. We found a way to judge whether a
number is multiples of arbitrary number. Also, we made definition of decimal in
factoradic. In this talk, we introduce some properties about them.
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Higher order Composite Numbers
-The regularity on the number of divisors—
AIRER HE—
Hosokawa Yuta Tanaka Koichi
Abstract
Higher order Composite Number is the number which has more divisors than any smaller

number. It is discovered by an Indian mathematician, S.Ramanujan and an English
mathematician, G.H.Hardy.
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Game Theory ~Explication of Social Phenomena with Signaling Game~

HRE  HERA LFHESE BEKE ALEKX FRE

Taketo lkeda, Goshi Kitamura, Kakeru Shimizu, Takuo Maruyama, Syunpei Mori

Abstract

We studied Game Theory. We went through two stages to try to prove them. First, we learned an outlook
of Game Theory. We gave special attention to “Signaling Game” this time. Second, we made two pieces of
original “Signaling Game”, “One day of boy’s softball club” and “Kokoro”.In order to improve our research, we

still need to make our explanation of “Signaling Game” simple. By doing this it will deepen our research.
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Research of Kaleidoscope

A FOEE fein ke PR BAK
Ishikawa Kazuma Saji Hitomi Nakaya Yukina

Abstract

We have an aim that mathematically analyze kaleidoscope. We are researching
of the angle of mirrors and relations of the number of images. As a result, we
understood that there was a regularity.
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The Volume of Sphere ~What 41m/3 Means—
GRS
Nakata Masato
Abstract
| have searched for a simple and comprehensive way for calculating the volume
of the sphere in the n-th dimensional space. | started from defining the volume
and a coordinate system analytically, and then, derivated the volume.
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The Length of the Repetend of Recurring Decimal

AR RS PR W IR MER. JEE EW
Kazuma Ohara, Hajime Toda, Yuito Yamamoto, Shinya Watanabe

Abstract
The nature of recurring decimal is not well known. We were interested in the

length of the repetend of recurring decimal. Therefore, we looked for rules of the
length of the recurring period.
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“Ittou-giri”

RKE B AH K— i #K
Haruki Oga, Taichi Goda, and Ryota Kondo
Abstract
“Ittou-giri” is to cut a polygon out of a sheet of paper with only one cut with
scissors. We tried to prove that any polygons can be cut out with
“Ittou-giri,” but it was difficult for us to prove that and we haven't
succeeded yet. However, through our study, some laws were found.
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The Distribution of Decimal Parts of N Times the Real Numbers

R #ER KREmE =% 2hl
Aya Onishi, Kazuma Maitani, and Kousaku Miyake
Abstract
{Na} is the decimal part of N times “a@”, where “a” is a positive number. This research
investigates how {Na} is distributed. Firstly, in the case that “a” is rational; it is shown
in a graph that the distribution of the decimal part {Na} has cyclic periodicity. This is
proved by using a congruence equation. This led to the conclusion that in the case
that “a” is irrational, the decimal part {Na} does not have cyclic periodicity.
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A Study of Solvable quintic equations

ShiL BEE AR ETE AR K
Eisho Toyama, Yoshihiro Ishiguro, and Mitsuru Ishihara

Abstract

We wonder why quintic equations are not always solvable. By the Galois theory,
we found that whether the quintic equations can be solved or not depends on their
coefficients. We also found how to solve them.
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Binary representation of prime numbers

EEF B2 LE EE
Miku Takano and Yuuri Yamagishi

Abstract

We researched the distribution of prime numbers, when they are represented in
binary. We made sure that the primes are evenly distributed among the type of
8n+1, 8n+3, 8n+5, and 8n+7. In addition we conjectured the number of 1 of n-digit
prime numbers tends to collect in half of n.
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Reconsideration of arithmetic in elementary school
with Theories of Mathematic Foundation

BfE =2
TAKAHASHI Kose

Abstract

| got interested to define arithmetic taught in elementary school more strictly. In this report, | tried to
prove the justice of Positional Numeration System based on “Peano axioms”. To prove it, | thought it is
required to show Comprehensiveness and Uniqueness of that system. And | showed them by proving

some properties of natural numbers and their operations.
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A Problem of Installing security cameras
Bt R (24)

Terunari Fuji

Abstract
Suppose there are three security cameras whose viewing angles are x° and each of them are installed in
vertexes of a triangle.

I want to find out ‘¢”such that
“t < x s all points in the triangle are watched by one or more cameras”.
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Traits of peculiar recurrence relations
W% Jkgt
Kazuki MATOYA
Abstract
Most of non-liner recurrent relations cannot be solved. | made solvable non-liner
recurrent relations by having made answer at first. Some of them show me famous
diagrams and expressions. Using solvable non-linear recurrent relations, | made my

knowledge of them deeper.
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Mathematics "numerical formula of movement and all designs" of the Rubik's Cube
ZNFINE
Keishi Homma
Abstract
We investigated "the equation of all phenomena of the Rubik's Cube of N XN XN".
We studied an equation for the number of designs that there was when I moved a
Rubik's Cube of N XN XN and simplified it.
(The Rubik's Cube is not a Rectangular solid)
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Cipher of Conway’s Game of Life

RS KR TR RERHER K vEvk
Kazushi Kato Hogara Kamo Ayumu Takeuchi Yuta Higashino Wataru Yasunishi

Abstract
Today, the Internet is spread and much information is interchanged. Therefore, we are interested

in the technology of administration of information, especially "Cipher".
We examined various cipher by the view of "speed" and "strength", finally we make our own

cipher. As a result, our cipher has advantages of ciphers which are used in Internet.
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Perforated magic square
REPRI RIEREE  H2EEAE
Hoshino Sou, Otsuka Rikuto, and Kaino Yuma
Abstract
We tried to make some magic square with holes by reducing the number of
numerals from n?, which is the number of numerals used for common magic
squares, to n>-m. As a result, we were able to make some perforated magic square
and we found two algorithms to make them.
1. B
(R EBEHM (TbbH  BFED AN TR ZANRN L DFIET 5 7 i)
Ao TH D, BT, —IRIBRIERITEITZSH 2B 2 5,
2. Ak
7 EHEOFE ANEZ THRBOMITELWEETHD Z &0 n, MO
AT %, ROOMER UL IWEB 2, EBRICEITHRZ L TEKRT 5.
A4 FRTETEARHEEGFEELFH L TH-R2 RO EETEEES,
3. &R 5 % 5 72(F 42)
FET NG, BIRS IR, 6k 1 2R, 9RIRDRD &S
fil . 83 2 RORDHEFERBEHIEELED Z LN TE I,
TEADPL BRERONHEEESHMHNE 1 54 55D
HERTHAANED Z EITHE LT, o .,
4. ER
FET 5. QO CTROBWIBEHMAEIES & &, o [ R
WA D7D —EDOEAZ RHEZDOT, 4n+1ROEERHEEHEEIEND
ETRRTED,
2nRGERESMEEND L&, 4 nikR8 n* RORHEERBEH L FEN D,
FiEA © n  IRTEINZFEH, GRmROBHNWTZ R b E L n , REETFEIME
Nl &, n n,Kmn > XOBEHEEZEND,
5. #H
WS OPDOROEFESHFMEZED Z LI LT, £72. —RERIERTiED T v
TY X LA 28 FEA LT,
6. BEXM
7L
7. ¥—7—F
BEJT b SEARRE T




2450 KERFFILIFEEFFR
Sumiyoshi High School
IEn A
regular n-sided polygon

hR XD L RE BB, BX =EH

Misaki Nakamura, Yosiaki Kuroda, Ryosuke Enomoto

Abstract
This study analyzed how to construct a regular n—-sided polygon.
The method that a n—-th root of unity in the complex plane was drawn was adopted.
The result shows that it is able to be constructed if it is done by using compasses and
a ruler.
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The elegance of a numerical formula hidden in pagodas

HAF R

Tamura Takuya

Abstract

The beauty of a pagoda is from the silver ratio. The pagoda in Horyuji temple, the
oldest wooden building in the world has the silver ratio, which can be seen in the rate
of the top layer to the bottom layer in the design drawing. However, it seems that the
silver ratio is not used in other pagodas built after Horyuji temple. But if you look up
at the tower at a gate, you can see the silver ratio in your vision. I expose to light the
elegance of a numerical formula hidden in pagodas.
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The research of function graph art
EHEEKREE wE R BT ME Br EE
Yutaro Sumida,Hiroaki Saito,Koyo Takano,and Natsuki Shiraishi
Abstract
Though making function graph arts, we could get the knowledge of functions and
graph, and understand the practical use of mathematics to building. In addition,
a question that we mothered we generalized the inclination of the roof arose so
me challenged it.
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Kimura Takaaki, Kuramoto Keisuke, Shigemi Ryouma, And Matsuki Yuitiro

Abstract

We mathematically analyzed origami, which meant that we regarded a sheet of
origami-paper as a plane and researched how to fold it by using the solutions of some
equations. In the research we found out the nature of a regular pentagon and a regular

heptagon through the use of the cyclotomic equation and the gaussian plane.
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Graph Art

£ Pl O AU — R
Ryuji Iida , Shinichiro Ito

Abstract

Our research topic is “Graph Art”. We learned various equations of the straight lines and curves in
our math class. So we think these lines and curves are related to real buildings. That’s because we
chose this topic. Our goal is to represent a real building properly with various functions and we also
understand the nature of functions through this topic.
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Study of correlation between subjects using Factor Analysis

ESRUR T Y > AE T VY B
Reina Kikuchi, Natsu Sato, and Fumiya Yokosuka

Abstract
We research on correlation between subjects using Factor Analysis. As a result
of it, we didn’t find any distinction between Rikei and Bunkei, but we find relations

between score and the way of studying.
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The Expansion of Pizza Theorem

B R&®E WA —A

NISHI Hiroyasu YAMAGUCHI Issei

Abstract

We study the paper about dividing a pizza(circle) into two equal areas by
N straight cuts. We think three cases. (N=0,2 N=1 N=3 (mod 4)) This theory
shows an interesting result. Our mission is to search in other figure such as

square and pentagon,
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Application of Recurrence Formula of Sequence to Numerical Solution of Equations

TN KT 1AV
Tomoaki Takeuchi, Shu Mizutani, Akane Rikiishi

Abstract

Even when we can’t obtain a solution of an equation by using mathematical formulas, we
can find it with the iteration method in which the recurrence formulais used. We
researched the solution method and also the relation among the recurrence formula, its
graphs and the equations.
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The fastest route of turning around n points

I AR KB K8 wH Fih
ISHIRO Shota, ONO Yuto, and NISHIDA Takafumi

Abstract

We discussed a problem on determining the fastest route passing through n
points. We regarded it as an optimization problem, and used a software “LP solve”.
We found there is a regularity in the number of necessary conditional expressions
to determine the fastest route depending on the number of points.

1. BH®
BEOMEEZFDOLEEICEONL— N 2BOIONRKIETHDINEW) WL, &
7w b & & D &, BN FIETH Z L5825,

2. Ak
ITNENOMEE 1 RFomy 1 E L, PrEREM RN ERD KEL— ] %
FHEibEEIC WSS Y 7 h =7 [LPsolve] 125 A2 A LEME LT,

£, $XTON— FOFFERFMZFEL, A
[LP solve] THONTZAEREZMHENDIZ, ailiolalB]|c
B (0] 12 [ 11 | 15
3. BR A |13 14 | 25
HDOFEMTIE 0>A—>B—C—>0 2% IHH/L— o B |10]12 17
N T, PTEFRFMIX 59 3 Tho T, c |16]25 |19
HREN 4 ~T DL EITHONT TLP solve) A 4 0 % O
TEHELNZL— MNE, T TONL— FDOH Th c AMOPTERE ()
W (D1D) ThdI ENHEND LI,
4. ERBLUHER
et g Fr | ,
K- %ﬁfoc?k{;lﬁ\i,ﬁ?iﬁ, B3 LN pyem— LE RGO
;; ;20@)& ?(ﬁg@fﬁ?g;; n:ik (t:)) 2n2+(sz //2))+ (ng //3))+ +(;Pk.1 //kk-l))+ (EPkllzkl;)
=2k+1 (k=2 202+ (P2 /2) + (P3/3) + = + (Pis/ k-1) + (Px
DR TH B, -

5. BEXHE
AL E OHPE - FHRAVIRTE
http://www.edu.kobe-u.ac.jp/fmsc-hrymlab/Lecture/lp_solve

6. ¥—DJ—F
Bi#L— b LPsolve fimfbfiRE



FUERIRF SR AL i A A%
I DT D AT

Formulas about Sum of Divisors

WY VxR fi HAK A SN 1EJT
Rune Rin Hodge Kohei Yosinaga Masaharu Katoh

Abstract

I found the function which terms’ coefficients are sum of divisors. Differentiate it by 2

ways, I arrived at the formulas about sum of divisors.
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RRE K &4 (Yusei Sugi)
1. Abstract
I researched how a hexagon is filled with lozenges.
The hexagon is point symmetry. I defined the sides of the hexagon as
the figure below. Finally, I discovered a+1 Ca .(c=1)
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SUUDOKU and SUUJINN

U PN

Kentarou Hori

Abstract

| set various conditions about Suudoku. | considered the law of the sequence.
Then, | named Suujinn which | added a rule about the Diagonal line and |
considered it.
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The way of expressing a new value of &

B B RILE
Yu Tanaka Ryosuke Tobo Kei Nagayama

Abstract
We are learning the circular constant m in the junior high school.
However, what kind of number is 7 concretely?

We tried to express a circular constant by approximation of a circle, without using .
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Collatz problem
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Iwamoto Shuhei Uetani Hiroto Yoshimura Kaito Saito Yuya Ohno Yu

Abstract

Collatz problem is that the operation of dividing by 2, if an even number, and multiplying by 3

and adding 1, if an odd number. This problem is so difficult that we can’t solve, so we made this
problem easier. Then, we have found an interesting fact.
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Construction of regular heptadecagons
TR, WEEA, %S, &G
Sasamoto Akio Yamada Yuki Goto Hiroki Furukawa Ryo
Abstract

It is said that when n is expressed by n=22"4 1, we can draw regular n-sided polygons. When k=2,

n =17. So, we would like to make sure if we can draw regular heptadecagons. We can get the value
of cosZ, and it includes only rational numbers or square roots. It follows that we can draw regular

heptadekagons.

1 WHEENE
Tn=22"+1(k 13 0 LL FO#K)] TEOESNBHEMO L X T n AFIIERTTRETSH S| GEB O

FIEARH) EWHflEEz A X —Fy b TR, ZORKICk=2%2RATH L n=17 L725DT, IE+
EAIIARYBIERTTHETH 20>, TOERITGTHEIZEAR LD THDMFE L THDHZ ST Lz,

2 Bk
ij=ﬂﬂ+ﬂ*+ --------- +x+1=0DRiE, K- ET7T/LOEHLY
coska + isinka (k:1,2, --------- ,n—1, oc:%“)... ¥

n=17 ¢ L CZORXEMES Z L2k v, E17TAEIMERFRETH D Z L 2T,

3 R
*E8D1k=1\a:%<kbf

2m 1 1
COSE=E{—1+\/1_7+ /34—2\/1_7}+E\/68+12\/1_7—16 /34+2\/1_7—2(1—\/1_7) 34— 2V17

L0 RS 2 ERY T, ZOEDIT, cos AL 2 RO TRES Z LMD, a1
ALEBCIERT 52 LR TE D Z LB hoTz,

4 EBLECLER

AEF OIBFE ThR % R BFIN72 T 7 = 7 ZBME L cosZDfE % FRIFETRD D Z &N TE 72, 1ERW
REZR C LIFREI T & MEMTELE BT D5 2 L b TE R, THDEBRIT cosZDfEIZ ED X 51Tk L
TWADNIRHATE TRV D TEH S HITHIZE L TV E 720,

FI EBICH DERFIETER L TR E ZA FEFICH Lo 72 TEREh ET6 A o72),
TEXOHEMICBEDH D AT, FOHE L THATIT LV,

(¥ : E+tEAEORhE---H25.11.6  #)I1EX])

5 #—7—K
BT 7LOER ERPE i EARROBIK
FRiR & o



2416 HARIUBFSFZRK
Ashikaga High School
KIEDEE DA

Proof of a Theorem of Ohara

ERME - hER- PIBHR -+ £ —¥&
Kouhei Sakuta Ryo Nakazato Yudai Nakajima Kazuki Murakami

Abstract

In our hometown,Ashikaga,there is a national treasure known as Bannaji Temple. In this temple,there are
Sangaku Ema, which are wooden tablets with geometrical theorems.
We tried to prove the Ohara Theorem,which is displayed on the Sangaku Ema in Bannaji Temple,using modern

mathematics, trigonometric ratios, Pythagorean Theorem and Vieta’s formulas.
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Wit TH< tan § Dk EADAR  F= BT = 7BHADIHFRE
Solve the Multiple-Angle Formula Using Recurrence Relation
Study about Chebyshev Polynomials

A AR
Okamoto yuya

Abstract
I wanted to know how tan8 changes when 0 increases twice, three times, and so on. In addition, I wanted to

study many character about trigonometric function.
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How complicated a piece of paper which is folded is
IR IKEE
Kobayashi Yuma
Abstract
I researched how complicated a piece of paper which is folded is by digitizing.
I used factors on a piece of paper, the length of a folded line, the degree made by two

lines.
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Traffic jam of people
e #idr
Fukaya Yusuke

Abstract

I studied the traffic jams of people. For example, to ride train, to ride elevator and so on.

Do you seek this time, to a full house in a rectangular room When there are people on the assumption,

(DNumber of people out at a time from the door

@The number of people who are in the room

@Time of everyone until I explore what kind of relationship to three
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I make the length of third root
(AL AL
Muramatsu Kohei
Abstract

I have wanted to make the length of third root. There is the question called “Doubling

the cube” but it have to solve a cubic equation. I tried to solve this problem with water.
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On the infinite decimal and the fraction

M PE. HYPREDE
Akane Tsuruoka and Honoka Tanaka

Abstract

We have been interested in the infinite decimal and its value as the fraction. And
then we have researched the infinite decimal which are arithmetic, geometric and
Fibonacci sequences. We have considered the decimal which locations are not only
0~9 but also the number more than10.
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tEHDESR
The types of heptahedron

B —A W s #E TR, Bl
KANDA Yukihiro  ARAIKazuki KAWAIRyo TOYODA Mana
Abstract It has been making researches of types pentahedron, tetrahedron, and
heptahedron, though we don’t have enough rigorous proof. However , as for the convex
heptahedron , there are not enough literature-based facts. In this paper ,we examined the

number of types ofthe convex heptahedonby using Euler's polyhedron theorem.
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The solution of Soma cube
AEE DE EHEK RS EEERE RER
Saya Nakama Ai Hamada  Aoi Higa Hanae Madanbashi Minami Matsuo

Abstract

We have been doing research on "The solution of Soma cube".Soma cube is a kind of the cubic puzzle
game.lt 1s said that the solution of Soma cube is 480.However,we doubted it.So we researched on the
solution of Soma cube.
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Should “All” students participate in school events?

hA EBA BHE =%x=x g X=m

Kaito Nakamura Minami Okada and Miu Hatakenaka

Abstract

Generally all students are expected to participate in school events. In
terms of working efficiency, is this the best way? In order to answer this
guestion, we made a mathematical model of our school events and
propose conditions when participation by all should be recommended.
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Successful overall production plan by Linear Programming

THEH— R
Soichiro Chiba and Hideto Miura
Abstract

Linear Programming was studied to apply it to cooking plans in companies and the home. In a
company plan, the optimum amount of each meal that a company makes, producing the maximum
profit was found by formularizing conditions and graphing them. This was on the condition that the
ingredients used are less than what is in stock. In a consumption plan for the home, the maximum
amount of each meal with the least left over foods was found by graphing a domain. The amount of
each dish eaten was treated as a vector and extended over the domain.
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Statistics to lead victory

EARE AT IARET
Rika Asami, Saki Okamoto, Maiko Yamamoto
Abstract

What is the fun of baseball and softball? We think that it's interesting what team won the
championship. There is a play such as earned run average and batting average in the game.
However, what play is what has led to the victory? So, we use a scatter plot and correlation
coefficient and examined what a good play.
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Bertrand Paradox
HZEBREAX  BEHHT WHE—E CRRGEE
Ryota Tanabe Yusuke Hoshino IkkiYamada Yoshihiko Yonezawa
Abstract
We took an interest in “Bertrand paradox”. Considering “Bertrand paradox”, we focused on
the definition of “random”, because the solution of “Bertrand paradox” varies depending on
how to think about “random”. So we conclude that how to choose a certain point in the circle

shows the “random” the best.
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Graph Theory and a certain game.
mN R, ek KA, MEE mEE, R B, EHO SR
Maho Kouge, Miki Sasaki, Yurika Soma, Aiko Morikawa, Akie Yoshida

We are members of the society of mathematics at Yasuda High School. We gather
regularly every week, and work on the math questions. Today we are going to report on Graph

theory and a certain Game. We hope our presentation today will be successful and interesting.
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Let’s go around Japan!!! Using the “graph theory”

NI UESENZ PN
Takayuki Oyama Kandai Kawano

Abstract
We tried to verify, using the Hamilton Theory of Graph, whether it is possible to
travel around Japan visiting each prefecture only once. We found it is possible.
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Demonstrative Researches on Mathematics

NI 55 INFR - BRER +m &3 ot HE R
Masaya Ogawa Fumiya Kobayashi  Yuto Toichi  Seiya Hayashi Rio Mamiya

Abstract

(1)  “Voronoi” is a diagram where a plane with some points [Boten] arranged is divided into several parts
by following which is the nearest point. We have studied the properties of Voronoi and have researched
about “the problem of digging a hole” ,* the experiment on piled salt”,and “the division of school districts”.

(2) We can calculate the volume of a solid body by integration now. In the age of B.C. Archimedes found
the volumes of various solid bodies by using “equilibrium principle of scales”. We have researched how

Archimedes found them, and have made many disks of cardboard to demonstrate his method.
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Consideration of a 4—dimensional figure.

FSEYS A B2 K EHEN NKREE

Kimura Takeo lkoma Kenta Hoshino Yusuke Yagi Takashi

Abstract

We analyzed 4—dimensional figures. They are figures which appear in the process of the change of
3—-dimensional figures. And they have some interesting rules. So, we checked each of them and thought
about the relation between dimension and figures. It is a little difficult, but very interesting.

Please read with your flexible mind.
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On periodicity of Stirling numbers of the second kind and Binomial coefficients
GIENEE IS
Yusuke Ueda

Abstract
We research about the periodicity of Stirling numbers of the second kind and Binomial

coefficients modulo 2, 3, 5.
We can predict that sequences of periods are geometric sequences.
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Catalan numbers
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Shota Tamamura

Abstract
Let Cn be the number of rooted binary trees with n internal nodes. We prove the

following equation by induction;

Cn=2nCn—2nCn-1,

Where nCr is Binomial coefficients.
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A Detailed Look at the Game “Kisuutori”

BERE B A BEEER NS
Syohei Ogata , Hokuto Kurosawa , Takeshi Koyama

Abstract
We knew of the game called “Kisuutori”. Two players playing this game take
cards put in order by a line. We have had interest in changing this pattern
when we change the line into a square. The purpose of our research was
finding the way of certain victory in this game. As “n” becomes larger, this
game becomes more complex.
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