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Abstract

Muscle training in microgravity space

UTANI YUKI

The earth will be destroyed in 5 billion years. The sun fuses with helium nuclei and emits energy. However, hydrogen nuclei
will eventually be depleted. The lifespan of a similar star with such a sun structure is estimated to be 10 billion years. The
current life of the sun is 5 billion years, and the remaining time for the sun to continue nuclear fusion is 5 billion years. As the
Sun approaches death, the outer layers expand and the Sun evolves into a red giant. And planets such as Mercury, Venus, and
Earth are swallowed by the outer layers. It means the death of the earth. We have a plan for humankind to escape from the earth.
In the future, many humans will be forced to live in microgravity space. In this study, we consider the importance of human

muscle training in the microgravity space, and consider specific muscle training methods.
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9H6H 166. 5 67.2 14.7 9.8784 57.3216 1604 1428. 97
9HT7H 166. 5 65.9 16.9 11. 1371 54.7629 1570 1322. 59
9H8H 166. 5 65. 8 16 10. 528 55.272 1585 1224. 27
9H9H 166. 5 65.5 15.8 10. 349 55. 151 1569 1259. 22
9H 10 R 166. 5 66 16.7 11. 022 54. 978 1563 1472. 74
9H 11 A 166. 5 65. 6 14.5 9.512 56. 088 1577 1755.72
9H 12 A 166. 5 66. 1 15.2 10. 0472 56. 0528 1583 1394. 28
9H 13 H 166. 5 66. 3 15.3 10. 1439 56. 1561 1594 1604. 09
9H 14 A 166. 5 66. 7 15.3 10. 2051 56. 4949 1592 1689. 64
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9H19H 166. 5 66 15.3 10. 098 55. 902 1576 1156. 14
9H20H 166. 5 65. 7 15.5 10. 1835 55. 5165 1573 1420. 87
9H21H 166. 5 65. 9 14.9 9. 8191 56. 0809 1580 1543. 13

R&5) 166. 5 66. 2 15.8 10. 45 55. 69 1580. 0 1415. 96
TR 2= +0 +0.44 | *£0.77 +0.51 +0. 65 +10. 47 +244. 33
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Abstract
Fourier Analysis of The Reuleaux Patterns

KADA Kodai
1. Motivation and purpose
The Reuleaux triangle is a triangle ABC formed by connecting arcs whose radius
is one side of the regular triangle centered on each vertex of the regular triangle ABC. A
I am fascinated by the Reuleaux triangle. Currently, I am interested in studying the

whole figure in which the Reuleaux triangles regularly arranged on the entire plane.

B
The lower right figure shows three examples of different patterns of the Reuleaux >/ C/)
triangles that are deformed little by little according to a certain rule and are regularly —
arranged on the entire plane. I wondered if I could define a scale that indicates the Reuleaux Triangle

difference in atmosphere received from these patterns, so I decided to work on this

Reuleaux pattern
R(d)

research based on the Fourier analysis that I learned in my 4th year of Kosen.

2. Method

Let’s explain the Reuleaux pattern R(d). (1) Let d a positive real number. (2)

d _af1
0,-4(3) o

Consider the vector space R? with dimension 2. Let b, = (

bases of R%. Furthermore, consider the lattice
n
A= {Zaibi | a; EZ}
i=1

gotten by b; and b,.

=
%
2
T

(3) Draw circles with radiuses 1 centered on all the grid points of the lattice A. The VNN
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plane filled with innumerable circles drawn in this way is called the Reuleaux pattern

R(d).
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I performed Fourier analysis using grid points , furthermore I defined the quantities
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of the intersection density energy E,.(d) and the intersection moment governing
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factor (wl, w,|C, /1) to study the difference between the patterns.

&l
<]
<)

R(1.0)
3. Results T R R

1. E,¢(d) are considered monotonically decreasing exponential functions which
satisfy }11% Epe(d) = +oo, (lii_rg Epe(d) = 0.

2. Ep¢(d) are considered to be quantity representing the densities of the patterns,
(wl,(u2|C2 /1) are considered to be quantity representing the complexity of the

patterns.
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0 | 207. 538045791831 207. 538045791831 0
1| 27. 1906258764452 27. 1906258764452 | 0. 361001
2 | 1.27323954473517 1.27323954473517 | 0. 003166
3| -7.31024424678914 -7.31024424678914 | 0. 234842
4| 3.81971863420549 3.81971863420549 | 0. 113986
5| 6.35629673766347 6. 35629673766347 | 0. 493195
6 | 1.27323954473517 1.27323954473517 | 0. 028497
7| —2. 2852265973306 -2. 2852265973306 | 0. 124947
8 | 3.81971863420549 3.81971863420549 | 0. 455945
9 | 3.96527838068377 3.96527838068377 | 0.621874
10 | 1. 27323954473517 1.27323954473517 | 0. 079157
11| -0.851032300218473 0. 851032300218473 | 0. 042791
12 | 3. 81971863420549 3.81971863420549 | 1. 025877
13 | 2.99000433528943 2.99000433528943 | 0. 737735
14 | 1. 27323954473517 1.27323954473517 | 0. 155148
15 | —0. 131563811260368 0. 131563811260368 | 0. 001902
16 | 3.81971863420549 3.81971863420549 | 1.823781
17 | 2. 42723660158911 2.42723660158911 | 0. 831366
18 | 1.27323954473517 1.27323954473517 | 0. 256469
19 | 0. 328940740847182 0. 328940740847182 | 0. 019073
20 | 3.81971863420549 3.81971863420549 | 2. 849658
20 | 3. 81971863420549 2. 0363899589011 | 2. 849658
21 | 2. 0363899589011 1.27323954473517 | 0. 892957
22 | 1.27323954473517 0. 67104208880354 | 0. 383121
23 | 0. 67104208880354 3.81971863420549 | 0. 116312
24 | 3.81971863420549 1.72881193844531 | 4. 103508
25 | 1. 72881193844531 1.27323954473517 | 0.912107
26 | 1.27323954473517 0.954309641579097 | 0. 535103
27 | 0. 954309641579097 3.81971863420549 | 0. 324173
28 | 3.81971863420549 1.46210678997634 | 5.58533
29 | 1. 46210678997634 1.27323954473517 | 0. 877858
30 | 1.27323954473517 1.21068929690042 | 0. 712415
31| 1. 21068929690042 3.81971863420549 | 0. 687795
32 | 3.81971863420549 207. 538045791831 | 7.295125
E,.(1.5) | 32. 68621




WFEAEDATH I 1DEI 7RI T I7RHEONDE NI T EIEIEI WD T DD, FATHERR(d) D
xR OEHIERN B w = LK EN TS Z L2 ERT D EE X, LirL, Blkeo =013,
PR 72 N ORIT T L W T 72 DT, JHE Ko = 123p31mA AR O Kk %2 © OR(d)
OxTF D EMEIZ RN T 5 LB 2 B 5. 2T, [ Up31m AR OVt E & 6N 5,
A L DHREDENE R L TODERIIMRDIEAI . R2OC()EFELLADE, 0 #0,1DL X
HC(W) #0THD. ZHUT EARFEE B BERDOEWVCEELZ X TWNWHEEXDHZENTESD. C((w)
O EL Mo THEEDEWCHELZ 525 X9 RRA)DOREZEHRTEL V. 2 LT, RABET
ANF—LWNHEZ & NDONT.

B ET RN X —DIER

FRPFTHALTCB W T ZDORREELZT — X2 & LTLY, T b % FFT BT 515 5 5 RIS A
ST RAC, (0<w<32) LR K0ICBIT 5 NFEHT 3L F—E(0) = 20C (W)’ /208 %,
R(d) D AZ U E = )L —Eype (d) & FES.

BERR(1.5) DAZmEE T RN F—IL, Ep(1.5) =32.686 Th 7= (£2).

6. RADXREEIRILF—E, ()DREHR

R DEREZ A TRD, LT L7 07T W FY BHRNOZRE v MLz, £, d=1
REDORRIR S DIFAZRN 2EPM TR SEAU EOBEEEZ D, 20RO RIGAEEIHBETRLF
—INESLEHEENLZOT, U TFOTF—# TIRER L7z, LLTIZ, 0.5<d < 1L.6DR(A)ICHT LR AT
FRNVX —Ep () D—fRIVRADT — 5 ZFZET 5.

940
20 \\_W
920
210 R(0.54) D A2 ji FiE —
200 Sl
190

1 6 1116212631 364146515661 Ep(0.54) = 1953.96

M 13 L—n—kR(0.54)E RS BEDT T 7

80 e e
R(0.7) D %8 pi 5 FE

70 N N
60

Ep:(0.7) = 433.34

50

1 61116212631364146515661
M14 —no—ER(0.70)E RS HEEDT T
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15 J—1—ERR(0.80) L R HEED T T 7

AV
ANV
\VANV/N/NY

S99

0
1 61116212631364146515661

K16 /L—o—FER(1.00)ERZESHEEDT T

\_I_/_\_\_

S N ok~ O ®

1 61116212631364146515661

K17 —u—fEER(1.20) R NEED T T 7

d=1.3

-2

a1 0 1 2

4 ,_/—A—\_

1 5 913172125293337414549535761

K18 /—u—EER(1.30)ERNEED T T 7

R(0.83) DA piFRFE
TRILF—
E,.(0.83) = 170.44

R(1.00) D A2 SR T
TRILF—
E,.(1.03) = 127.34

R(1.20) D72 fi R JiE
TRILF—
E,.(1.20) =28.516

R(1.30) D72 fi B JiE
TRILF—
E,(1.30) = 12.601




d=1.6

[o2BEN

S = DN W s Ot

K19

1 2

Jb—n

1 6 1116212631 36 41 46 51 56 61

0 —fEEER (1.6) & RSB ED 7T 7

7. RADIAERREEIRILF—E, (d) & DEKRK

R(A)D d &5

BET XN F—Ep(d) &L DBFRAEZRD D120, d-

FIL, 2DV T 72ER LT

(M21) .

%3 dE,(d)DF—4

R(1.52) D7 pi R FE
T RLF—
E,:(1.6) = 28.808

Epe(d)DT — 2 &% 3125

d 0. 54 0.6 0.7 0.8 0. 85 1. 00
Epe(d) 1953.957 | 1381.511 | 433.3426 | 170.4354 | 243.3894 | 127-3441
E,e(d)1o 15.34392 | 10.84865 | 3.402927 | 1.338385| 1.911273 1
log(Epe(d10) | 5 730719 2.38404 | 1.224636 | 0.291463 0. 64777 0
f(@) 2.468037 | 2.014286 | 1.394505 0.88125 | 0.649105 0
E (d),.
pe (D 11.79926 | 7.495372 4.03298 | 2.413915 | 1.913827 1
d 1.1 1.2 1.3 1.4 1.5 1.6
Epe(d) 93.1753 | 28.51559 12.6009 | 22.93178 | 32.68621 | 28.80756
Epe(d)1o 0.731681 | 0.223925| 0.098952 | 0.180077 | 0.256676 | 0.226218
log(Epe(d)10) -0.31241 | -1.49644 | -2.31312 | -1.71437 | -1.35994 | -1.48626
d
f(d -0.42727 | -0.88125| -1.39451 | -2.01429 -2.82 | -3.96563
Epe(d)y 0 45 0.652286 | 0.414265| 0.247956 | 0.133416 | 0.059606 | 0.018956




2500 lo g E (d)

2000
1500 8
6
1000
4
500 ,
0 0
0.5 1 1.5 2 0.5 1 1.5
M20 d—Ey(d)Ds77 ®2 1 d-log(Ep(d)D” 7

ATEIC IR~ K512, BIZIE, d =108, 6 EAETORRRE 2o TWDHA (K6) , Ey(d)
H2EROEEEZ1ELTHIV Y R TH0T, 6 HEAOHEAIEZSE LTI ML, E,1)=
127.3441%F57=. TV HHEITE 2 72 A8 i E = 0 )L 3 — e FHOR 28 jHE B = 10 L 36— L ECR,

Epe(d) 10
ERT LU, Ep(d)1olF FFT OF7 =2 BIHKF LR NS D E L TEXLRETHS.

ST, (BT =2 Dd—Ey(@D7 7 73 HEBERO 77 70X IChA. 22T, d-
10g(Epe(d)1,0) PIEVRE 2ROz (2 1) . ZDOFER, log(Ey(d)ro) = —4.2314d +4.3225TH Y,
W%%ﬁﬂi1ﬁvﬂ9mﬁﬁwﬁﬁﬁ%%hk.Lﬂb,o<d<2ﬁ%@,ﬁy%@ﬁwhﬁ=+w
Ey%@ﬁMhd=—wf%6ik%%ﬁféﬁgﬁ%é.%wahﬂ@k%l%@ﬁth=0T
HHZEHLEELT,

4.23(d — 1)

d(d —2)

L9 log(Epe(d) 1) DI A& 2 1=, £ ERERHHTIRH D2, AEILI A, FHRR S
JET RN T —Ep(d)10 & DBFRNZE, Ep(d); o & ENT

Ept(d)1_o 5= ef(@
ELT, HMRRBET RV —2RTROREL Lz

fld) =

TFAR — o —BRER(d)ICDOWT, dICBIT DA A A RV — By ()13, & % WD 7245
B TREIND. 2EL, ‘lii_rg Ep(d)1o = 400, g_rg Epe(d)1o = 0% 727

8. N— —ER(d) DAZ T — A N ER

N—— R Z Lo L TS L, D LERRPIREIT 2 X5 R 22T 5. Zhico>»Th
FERRDIME 2 Bl PR R BN L TV D KO ITlE 27

FTZICHOWT, RAHAEZFLE LERZEDT—A Y MCBEBRT O TIdRWn et B, T
bbb, AAEMZTLE LTHEMM 2% 2, TOBMAMNICH DA mATLE (yll) X v ZE[c%
WEEIIAEMMPEIRE, FANCE N E SITAMPEIRC D, A bI3EEEE LD & &I, ko]
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= DL HA~RET S LRR LR TWS, FRFICELADE—AL FOBZK RS> THND
EEZT. ZZTHEIOMETIE, ETFICHHRTHIEExcE v, xiil ECHEAE FATBE L L
LT, HTBET 265 1 OMBIRN O RO (BLROH e 725) y#ld 5T — 2 hOifno
T—HELED, BONT—FET S R TFT ffird 252 LIz Liz.

AENE, 7 —2%2° = 64TO FFT fFHT 24772\, HRE) &0 9 SEFITHEE L TV D R(D) D A1 72
®ELTUTEZERL.

M22 ZRE—ACE

RIRE— A PR T DE S
FATBE) L TV 57 — Z BUSHHE T H 2 AL IRV T, Oyl B+ 528 DE— A & Ok
fMaET—2ELTEY, ZNOO FFT TGN HIRIEAXT L€, (0<w<64)ZHOK
TWIEIZW RS, 20L&, RRRC,DEERw, &, 2FHICKENC,DEKEKw, &, #HKiEHT
C,(1:2) = C,,/Cp, P 3 ODEAER(A)DEME— AL FER D, (0, 0,|C,(1:2)) EFT. &
5z,
Fi,(x) = cosw;x + C,,(1:2) cos wyx

, RRE—A L PXBR B L 5.

FIZER LR RET—A Y FBER 1L, ZRE—A L PO FFT ORVEREIZ2BETELIZ S
DT, RRE—A L PR FREEE, ZRE— A FER A Z VT FFT ORI A T Bl L 72 BA%K
THb.

(B11) R(0.60) DA HE— A > FER T 1E(wy, w,]Cy (1:2)) = (12,18]0.57) TH 5.

K23 /b—ua—fEER(0.60) & X mE— A Y FXEX B D 7T 7
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(B12) R(0.80)DAZHE— A > FELR 1 1E(wy, w,]Cy(1:2)) = (5,25]0.87) T 5.

FAN S AN S FAN S AN S FAY
A S g . S g = S

VigVigyigVig
B AL AL AT Al

L P PN P P
PR PR KL LK

1
i

5 | | |
e LN NN
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s i

LI
IV'HW W

- - Foch -
> 1"‘» ‘l"" 1"‘» 1"
0919 Qi

AN
N T i VAN s VAN
O U U P

24 Jb—uo—fEER(0.80) & M E— A v MXEINFBEBD ST T

(B13) RQDRME—A > b3 F1E(wy, 0,]C,y (1:2)) = (1,2]0.99) TH 5.

d=1

o — /0 \ T / 2m \ 3mn

25 J—r—HERR(Q) L ZHRE—A L R TFREED ST 7

Bl EFI21E, EB5HRME—A Y FIER T (0, 0,|Cp(1:2)) D AW Hw, w, DIEEAF T < 5
WhHHHDTHLD. RODEAHIFw, = Lw, =2THDHD, IRIELD0.99 Tw, = 1LOKENRFHNH DT
H5b.

9. RAE—AY MRERFICET HHER

Epe(d), g t3d = 10 & & DR FEET RNV F —Ep (D EHMEI L2 b DT, HEOBRSOL S 22b
DERTEELTER L., £, ZRE—A Y MR T (0, 0,|C, (L 21X, BEDOREL XD X
INBERTLOL LTERLE. F)d 8T — Ay MR 7T, R8T — A2 AR
FEZHAWTFFT ORMAZ TR LB TH LS. o 0ESEKIIV—r —MEDO 7 — U =25 e
BEEZRLTH, TOREOREERTLDILRDTEAI LBZER L.

RAFRZRE—A Y MIFEORERO T, 05<d < 1.6DEy(d), ;& (01,0, |F,)DFEMRT =4 T
HoH. UL, d=10/0—a —HEE (6 EA7Z TR S k) 2T TE 5 L5 ICE &)
2bDTHD.

d = 054— 0 —Hikidd = 1OBERIC R A L 2 KBEBLL TWDHIRDR H 505, Fi,(x)D 77 7 0¥
PHERENEZR L TVWAEEIICRZD. £77, d=110—o—FfE, ZZANRKEWT Y 7R HSE
OIS EZITHD, TN w, =22 VNI REVEZEDLZ LIZHIGLTWA L 2ICEX 5.

d=07d =120 —0 — L ZEANRKREVZ Y T RHENLOHIGZ L ON, TUEN, o, =
2L, w, =20 WO fEE E > TWVD. ZNHDOREEEDD LOEWE, 2FBHITIA A2 5H2EAT Y TIZ
HHIHICRZ, d=0T70BKEDOFNHEND. ZNRw, DEDOENZHNTWS L HICRZD.

ZDBENGLd =14Ld =150 — 0 —BEREZ IR L CH D E, MOFLICR XD 6 AOTY T
Nd=14L0d=158VH, ThEN, w, =13, w; =4 WVIfEx E>TW5H. LT, 2FBITA
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K BHRDHZEATY TIITZ LETd = LADOEERERN KX\,

ZHIZH LT, w,=8w, =8 WVHfEE L

S TWA,
#£4  LRR(A)DEy(d)y; & (01, w,|C,(1:2))
d 0. 54 0.6 0.7 0.8
Epe(d)y g i 15. 34392 10. 84865 3. 402927 1. 338385
(w1, w,]C,,(1:2)) (1,3]0.58) (12,18]0.49) (21,4]0.55) (5,25]0.87)

Fi(x)D 7 Z 7

| m I
W T T

Jb— 1 —fEER
R(d)
d 0. 85 1.0 1.1 1.2
Epe(d) 45 1.911273 1 0. 731681 0. 223925
(w1, @2]C, (1:2)) (1,2]0.99) (22,1]0.65) (20,6/0.85)

(11,29]0.90)

Fi(x)D 7 Z 7

J— 1 — AR
R(@)

LA VY
PO
X
e trant et
AP O

d

1.3

1.4

1.5

1.6

Ept(d)l.o 73

0. 098952

0. 180077

0. 256676

0.226218

(a)l, w,|C,(1: 2))

(4,10/0.97)

(13,8/0.96)

(4,8|0.92)

(13,21]0.72)

F() D757

Lkt

7 ‘

S — AR
R(d)

apamaTa
Yo\ a\Ya\Y

PP 7S

L]

iy
X SK Y
%‘03‘0%‘

AN
AT
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UbED X REREZLTEIRELDOD, L—o—HEER() L, SHIEFH LIS EET XL X —
Epe(d), o g & 2T — A 2 P BT (wq, 02]C, (1: 2)) DB IGBIR & RNET Z L IXTE o
7.

10. SEOMEDFE

A1), R O AR A2 S HE = RV —Epy (d)1 o\ S DV T, ARD ZE R E T RN X —Epp (), o %
Wiz, bbb, Eu(d), =/ PL Lzl E, f(dE
432(d — 1)

d(d —2)

EWVWORXTEMB L., LL, EEEFEEBOT —F LBEENPKEL, METEXHHDO TR,
FOPHEIL TWD ZES ZAEBENREEN TN LED, f(d)DIEMHREEZRDT-
A%

EHIZ, —u—RERR(d) & A RIER LI REE T R X —Epe(d), o & RTE— A 2 D KAELA
T (w1, 5 |Cyy (1: 2)) DARE IR AIG BRI 8 D DA, ThLE bRIRENH D DH, BT L.
72, V—o—ZEZHOxFEE 2 SOMOFLOR TN, AEEOHE ) SIEE DI TF —
B & ST E AT,

Alal, B— A2 FXER BB A XY BLORE V222 H W, 2TOT—X ORI O+
IR LTe 2T — &% 2 W TRl S TV 2w,

ZoM, BELAEO T 07T ATHRLNET =4 NE0ORALE LT BONT — % O TIER
SRS ZFFTIRNT T 5 LB OREN 2 T0IC 25, ZOHEB HAFZE L2V,

fld) =

11, BiEF
ARLOBECHT Y, FHHREHE THORMBERIRTIT, FIROEM, 7 KA 2, MR, RSO
EETEZLOTHEE SEMbOMNEEEE Lz, 2 2L OREHH L L ET.

SEXH

(1] LR, 2 Wi TES N2 MR L —r — ZMIEORARE, REFEI = R Yy A 2018in A4 (HR54E) pp. 40-50
http://www. tsuyama—ct. ac. jp/matsuda/AlgeGeo/algebraic_geometry_2018. pdf

(2] IMEER, EZMBHLHELND VL —a—KBOBIE, REEI =R YU L 2017in B GREE) pp. 76-85,
http://www. tsuyama—ct. ac. jp/matsuda/AlgeGeo/algebraic_geometry_2017. pdf
[31RAHEMERFSEEE HP, INEREK, A—nr—Bko 7 — U = fight

https://www. tsuyama—ct. ac. jp/matsuda/mathclub/ReuleauxFFT. pdf
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8. BARICAW=TOI 3L

AW CTIHEE O — 1 — AR DR B Zcsv 7 7 A MZEEZ Z L7 a0 77 A, b—nr —Ek
RO DR FVEE " csvT 7 A NMCEEX LT 07 T A, REJEREZ csvT 7 A VD b Bt AR IAIAL U JE
RN —DBININERT —Faesv? 7 A NVICEZRAL T 0 7T L, RZREREZ csvT 7 A VDB at s
AT — AL D EER T OB NE 2T —H Fesv? 7 A MIEZIRADL TR T LD 4 2% HNWTT
— X IR, AT LTz, E AR IR OB G BE X 22 o 728, R RJEIE A KD mlITRke 28
Bl 7 eI A8 T 5.

FTNENDOT v 7 Z AlEd, cnt, excel _cell cnt, cx, cy, theta, caret O BHIZ H G b THEEZZET
5. dOfEIFV— 8 —HER(A) 2 < 7o lcflibind. entiZFH OO EIZE DI, (2 X cent+ 1)20
MaH<., FEMERIVEONLIEML D REVARKmtZ AT LTI+ R2T — 22560
72u. excel_cell_cntid@iriATecsvy — ¥ DT — X BNAST SIVTWBITORE AT 5. ox, cylXERET
— X DRt P B BHIE R O, y AR % 5 ET 5. ThetalZJEIET — ¥ OFi A Te & i E L, B [rad]
EANIIT B, CaretldT — & O4yEM & #E L2 YR DT — X & Fdk T 5.

TOI5L4L1. FEDIL—A—EHERADRAEZEZcsvI 7 ILIZEEZLTOI S A

import matplotlib. pyplot as plt
import math

import sympy.geometry as sg
import csv

figure, axes = plt.subplots()

axes. set_aspect (1. /axes. get_data_ratio())

windowsize=3
plt. xlim(-windowsize, windowsize)

plt. ylim(-windowsize, windowsize)

d=0.6
cx=0
cy=0
caret=6

theta=0

radius=1
cnt=4
i=—d*cnt
1x =[]
ly =[]
ix = []
loix=0
iy = [J
ioiy=0
stockix=[]
stockiy=[]

nix=[]



niy=[]
a=1

one=0

with open(( AZ SIS — &7 %f " . csv' )% d,” a’ ,newline="") as f:

writer = csv.writer (f)

writer. writerow([”d="+str (d), “cnt="+str (cnt)])

j=—cnt

while j<=cnt:
1x. append (i)
i=i+d

J=i*1

i=—d*math. sqrt (3) /2%cnt

j=—cnt

while j<=cnt:
ly. append (i)
i=itd*math. sqrt (3) /2
Jj=itl

v=—cnt
while v<=cnt:
u=—cnt
while u<=cnt:
if (vtent*2)%2==0:

plt.plot (Ix[u+ent], ly[v+ent], marker =

o ,color = b’ ,markersize = 0)

centerl

= sg.Point (Ix[ut+cent], 1y [v+ent])

circlel = sg.Circle(centerl, radius)

draw_circle = plt.Circle((1x[utent], ly[v+ent]), 1, fill=False)

axes. add_artist (draw_circle)

v2=—cnt

elif (vt+ent*2)%2==1:
plt.plot (Ix[utent]+d/2, 1y [v+ent], marker =

o ,color = b, markersize = 0)

draw_circle = plt.Circle((I1x[utent]+d/2, 1y[v+ent]), 1, fill=False)

axes. add_artist (draw_circle)

centerl = sg.Point (Ix[utent]+d/2, ly[v+ent])

circlel = sg.Circle(centerl, radius)

v2=—cnt

while v2<=cnt:

u2=—cnt
while u2<=cnt:
if (v2+cnt*2)%2==0:

center2 = sg.Point (1x[u2+cnt], ly[v2+cent])

circle2 = sg.Circle (center2, radius)

elif (v2+cnt*2)%2==1:

center2 = sg.Point (Ix[u2+cnt]+d/2, ly[v2+cnt])

i



circle2 = sg.Circle(center2, radius)

if centerl != center2:
result = sg.intersection(circlel, circle2 )
if len(result)==2:
intersectionchekerx0=0
check=0
if one==0:
ix. append (result[0]. x)
iy. append (result[0].y)
ix. append (result[1]. x)
iy. append (result[1].v)
a=0
while a<=1:
if abs(result[a].x) < 10%k-7:
stockix. append (0)
else:

stockix. append (result[a]. x)

if abs(resultlal.y) < 10%%-7:
stockiy. append (0)
else:

stockiy. append (result[a].y)

loix=len(ix)
loiy=len(iy)

one=1

if one!=0:
while intersectionchekerx0<loix:

intersectionchekery0=0

resul tent0=0
while resultent0<=1:
resultent1=0
while resultentl<=1:
if result[resultent0]. x==ix[intersectionchekerx0]:
if result[resultentl]. y==iy[intersectionchekery0]:
check=1
resultentl=resultentl+1
resultentO=resultent0+1
intersectionchekerx0=intersectionchekerx0+1

intersectionchekery0O=intersectionchekery0+1

if check==0:
ix. append (result[0]. x)
iy. append (result[0].y)
ix. append (result[1]. x)
iy. append (result[1].y)

loix=len(ix)

1ii



loiy=len(iy)

uz=uz+1
v2=v2+1
u=u+l
v=v+l

plt. titleC d=" +str(d))

pointx=0

pointy=0

i=0
while i<len(ix):

if abs(ix[i]) < 10%x—7:
stockix. append (0)
else:

stockix. append (ix[i])

if abs(iy[i]) < 10%%-7:
stockiy. append (0)
else:
stockiy. append (iy[i])

i=i+l

nix. append (stockix[0])
niy. append (stockiy[0])

i=0
while i<len(stockix):

j=0

jchecklist=[]
pointx=0
pointy=0
points=0
while j<len(nix):
pointx=0
pointy=0
if abs(stockix[i]-nix[j])<10%%-7:
pointx=1
if abs (stockiy[i]-niy[j]) <10%%-7:
pointy=1
if pointxtpointy==2:
points=1
=it
if points!=1:
nix. append (stockix[i])
niy. append (stockiy[i])

v



i=i+l
i=0
while i<len(nix):
with open(( 3T E %S — % . csy’ )% d,” a’,newline="") as f:
writer = csv.writer(f)

writer. writerow([”="+str (nix[i]), "="+str(niy[il)])

i=i+l

JOS5L2. L—O—EBHRDDKXRAEEZEEsvI7AIVIZEEZZLTOTS A

import matplotlib. pyplot as plt
import math
import sympy. geometry as sg

import csv

figure, axes = plt.subplots()

axes. set_aspect (1. /axes. get_data_ratio())

windowsize=b
plt. xlim(-windowsize, windowsize)

plt. ylim(-windowsize, windowsize)

radius=1
cnt=b
1x= []
ly=[]

with open( 2T 5SS — % csy’,’a’ ,newline="") as f:
writer = csv.writer (f)

writer. writerow([”d="+str (1), “cnt="+str (cnt)])

i=—cnt

j=—cnt

while j<{=cnt:
1x. append (i)
i=i+1

j=itl

i=—math. sqrt (3) /2%cnt

j=—cnt

while j<=cnt:
1ly. append (i)
i=i+math. sqrt (3) /2
J=itl

u=—cnt
while u<=cnt:
v=—cnt

while v<{=cnt:



if v%2==0:
plt.plot (Ix[u+ent], ly[v+ent], marker = o, color = 'b’, markersize = 0)
draw_circle = plt.Circle((Ix[utent], 1y[v+ent]), 1, fill=False)
axes. add_artist (draw_circle)

v=v+1

elif v%2==1:
plt.plot (I1x[utent]+1/2, 1y [v+ent], marker = *0’, color = ’b’, markersize = 0)
draw_circle = plt.Circle((Ix[utent]+1/2, 1y[v+ent]), 1, fill=False)
axes. add_artist (draw_circle)
v=v+l
u=u+l
plt. title( d=" +str (1))

ax=[]
ay=[]
i=—cnt
while i<=cnt:
ax. append (i)
ay. append (i*math. sqrt (3) /2)

i=i+l

v=—cnt
while v<cnt:
u=—cnt
while u<=cnt:
if (vtent#2)%2==0:
plt.plot(ax[ul, ay[v+cent], marker = "o, color = b’ , markersize = 4)
with open( A JEIESF — & 1.0.csv’, a’,newline="") as f:
writer = csv.writer (f)

”_n» ”_n”

writer.writerow(["="+str (ax[u]), "="+str (ay[v+ent])])
elif (vtent#*2)%2==1:
plt.plot (ax[u]+1/2, ay[v+cent], marker = o, color = 'b’, markersize = 4)
with open( A JEFEF — & 1.0.csv’, a’,newline="") as f:
writer = csv.writer (f)

”_n» ”_n”

writer. writerow([”="+str (ax[ul]+1/2), "="+str (ay[v+ent])])

u=u+l

v=v+1

TS LS. REEEZEHESvIT7AILDNORAAARAZEIRILTF—DERICLELRT—4%
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import csv

import matplotlib. pyplot as plt

import math

from decimal import Decimal, ROUND_HALF_UP

vi



figure, axes = plt. subplots()

axes. set_aspect (1. /axes. get_data_ratio())

windowsize=4
plt. xlim(-windowsize, windowsize)

plt. ylim(-windowsize, windowsize)

d=1.4

excel _cell_cnt=0
radius=1

cnt=6

cx=0

cy=0

theta=0

ix=[]
iy=[]
1x=[]
ly=[]

with open( A M= F — & csv’,’ v’ ,newline="") as f:
reader=csv. reader (f)

line=[row for row in reader]

i=1

while i<excel_cell_cnt:
a=line[i][0]
a2=float (a. Istrip("="))
c=linel[i][1]
c2=float (c. Istrip("="))

ix. append (a2)
iy. append(c2)
print ("a”
plt.plot (float(a2), float(c2), marker = *o , color = b’ , markersize = 3)
print ("b”)

i=i+l

i=—d*cnt
j=—cnt
while j<=cnt:

1x. append (i)

i=i+d

J=itl
i=—d*math. sqrt (3) /2%cnt
j=—cnt

while j<=cnt:
1ly. append (i)

vil



i=i+d*math. sqrt (3) /2
J=ijtl

u=—cnt
while u<ent:
v=—cnt
while v<ent:
if v%2==0:
plt.plot (Ix[u+ent], 1y [v+ent], marker = o’ , color = 'b’, markersize = 0)
draw_circle = plt.Circle ((1x[u+cnt], ly[v+ent]), 1, fill=False)
axes. add_artist (draw_circle)

v=v+1

elif v%2==1:
plt. plot (Ix[utent]+d/2, 1y [v+ent], marker = "o, color = 'b’, markersize = 0)
draw_circle = plt.Circle((Ix[u+ent]+d/2, 1y[v+ent]), 1, fill=False)

axes. add_artist (draw_circle)

v=v+l
u=u+l
px=0
py=0
r=1
w=0
caret=7
jstep=2%d/ (2%*kcaret)
Ts=[]
dist=0
dist2=0
while w<d:
ts=0
i=0
while i<len(ix):
px=ix[i]
py=iy[i]

dist=float (math. sqrt ((wkmath. cos (theta) —px+cx) **2+ (wkmath. sin (theta) —py+cy) *%2))
y = Decimal (str(dist))
dist2=y. quantize (Decimal C 0. 0000000000001’ ), rounding=ROUND_HALF_UP)

if dist2<=r:
ts=ts+l
i=i+l

Ts. append (ts)

draw_circle = plt.Circle ((wkmath. cos(theta)+cx, wkmath. sin(theta)+cy), r, fill=False, ec="vy )

axes. add_artist (draw_circle)

viil



w=wt+jstep

i=0
while i<len(Ts):
with open((C 22 ET — X . csv' )% d,’a’, newline="") as f:
writer = csv.writer (f)
writer.writerow([”="+str(Ts[i]/math. pi)])
i=i+1

plt. title( d="+str(d))
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import csv

import matplotlib. pyplot as plt

import math

from decimal import Decimal, ROUND_HALF_UP

figure, axes = plt.subplots()

axes. set_aspect (1. /axes. get_data_ratio())

windowsize=3

plt. xlim(-windowsize, windowsize)
plt. ylim(-windowsize, windowsize)
d=0. 8

cnt=6

excel_cell_cnt=0

cx=0

cy=0

theta=0

caret=7

1x= []
ly=[]
ix=[]
iy=[]

radius=1

with open( &G JEET — % csv',’ 1’ ,newline="") as f:
reader=csv. reader (f)

line=[row for row in reader]

i=1

while i<excel_cell_cnt:
a=line[i][0]
b=float (a. Istrip("="))
c=linel[i][1]
d=float (c. Istrip("="))

X



ix. append (b)
iy. append (d)

plt.plot (float (b), float(d), marker = "o ,color = 'b’, markersize = 3)
i=i+l

i=—d*cnt

j=—cnt

while j<=cnt:
1x. append (i)
i=i+d

J=i*1

j=—cnt
i=—d*math. sqrt (3) /2%cnt
while j<=cnt:
ly. append (i)
i=i+d#math. sqrt (3) /2
Jj=itl

u=—cnt
while u<=cnt:
v=—cnt
while v<=cnt:
if v%2==0:
plt.plot (Ix[u+ent], ly[v+ent], marker = o, color = 'b’, markersize = 0)
draw_circle = plt.Circle((Ix[utent], 1y[v+ent]), 1, fill=False)
axes. add_artist (draw_circle)

v=v+1

elif v%2==1:
plt.plot (Ix[utent]+d/2, ly[v+ent], marker = o, color = 'b’, markersize = 0)
draw_circle = plt.Circle((Ix[utent]+d/2, 1y[v+ent]), 1, fill=False)
axes. add_artist (draw_circle)
v=v+]

u=u+l

px=0

py=0

r=1

w=0

jstep=2%d/ (2%*kcaret)
Tx=[]

dist=0

dist2=0

while w<d:
tx=0
i=0



while i<len(ix):
px=ix[i]
py=iyl[i]
dist=float (math. sqrt ((w—px+cx) #k2+ (—py+cy) **2) )
y = Decimal (str(dist))
dist2=y. quantize (Decimal C 0. 00000001’ ), rounding=ROUND_HALF_UP)
if dist2<=r:
tx=txtpx—w
print (tx)
i=i+1

Tx. append (tx)

draw_circle = plt.Circle ((wkmath. cos(theta)+cx, wkmath. sin(theta)+cy), 1, fill=False,ec="y’)
axes. add_artist (draw_circle)
w=wtjstep
i=0
while i<len(Tx):
with open( &&HE—A L hF—Z.csv', a’,newline="") as f:
writer = csv.writer(f)
writer. writerow(["="+str (Tx[i])])
i=i+l

plt. title( d="+str(d))
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import datetime

import sympy.geometry as sg

import math

import matplotlib. pyplot as plt

from decimal import Decimal, ROUND_HALF_UP

def get_unique_list(seq):
seen = []

return [x for x in seq if x not in seen and not seen. append(x)]

cnt=5
radius=1
d=0. 66

figure, axes = plt.subplots()

axes. set_aspect (1. /axes. get_data_ratio())

windowsize=2
plt. xlim(-windowsize, windowsize)

plt. ylim(-windowsize, windowsize)

fdt_now = datetime. datetime. now()
print (” BHAR”, fdt_now)

dt_now = datetime. datetime. now()

x1



print (” FLNERES”, dt_now)

list_center = []

for j in range (-cnt, cnt+1) :
for i in range(-cnt, cnt+1):
if (j*tent*2)%2==0:

center_x, center_y

i*d, math. sqrt (3) /2%d*j

else:
center_x, center_y = i*d+d/2, math. sqrt (3) /2%d*j

center=sg. Point (center_x, center_y)
list_center. append (center)
draw_circle = plt.Circle(center, 1, fill=False)

axes. add_artist (draw_circle)

dt_now = datetime. datetime. now()
print (” M ANEFETF”, dt_now)

def round_off(a):
return Decimal (str (float(a))). quantize (Decimal 0. 00000001’ ), rounding=ROUND_HALF_UP)

dt_now = datetime. datetime. now()
print (" A AEAZ LA, dt_now)

list_intersection=[]

check_j=0
for j in range(0, (2%cnt+1)*%2) :
check_i=0
cnt_jskip=0
for i in range (j+1, (2%kcnt+1) #%2) :
center_1=list_center[ j]

center_2=list_center[i]

if center_l.distance(center_2)<2 and center_l!=center_2:
check_i=1
check_j=1

circle_l=sg.Circle(center_1, radius)

circle_2=sg.Circle(center_2, radius)

result = sg.intersection(circle_1, circle_2)

point=sg. Point (round_off (result[0] [0]), round_off (result[0][1]))
list_intersection. append(point)

point=sg. Point (round_off (result[1][0]), round_off (result[1][1]))

list_intersection. append(point)

dt_now = datetime. datetime. now()

Xil



print (” U 2 NG dt_now)

list_write=get_unique_list(list_intersection)

dt_now = datetime. datetime. now()
print (” ZZ I R, dt_now)

dt_now = datetime. datetime. now()
print (“csv 7 7 A JVIZEEETF”, dt_now)

import csv
for i in range(len(list_write)):
with open(( A MJEFESF — 2% .csv' )% d,”a’, newline="") as f:

writer = csv.writer (f)

”_n» ”v_n

writer.writerow([”="+str(list_writel[i][0]), "="+str (list_writeli][1])])

ldt_now = datetime. datetime. now ()
print (” 77, 1dt_now)

print (str (1dt_now—fdt_now)+ " CTEE L E L7=")
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Abstract

Aquarium concept to revitalize Tsuyama City

TANABE YOTA

The purpose of this study is to envision an aquarium in Tsuyama City. From this theme, I considered the
essential issues of the Tsuyama area, investigated modern technologies to solve them, and considered urban
development designs that would revitalize the Tsuyama area based on them. The aquarium will be set up in
Tsuyama Park in the center of the city, and the building will be built with living wood. And we will exhibit
freshwater plankton. I would like to make this aquarium a base for soliciting ideas to make Tsuyama fun. I

also made a commercial for Tsuyama Aquarium so that I could understand this concept.
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Abstract

Embedding of invariant graphs by a group action on closed surfaces

MARUYAMA Natsuki

1.Purpose

I am interested in embeddings of graphs on closed surfaces. A graph is composed by vertices (also called
nodes or points) and edges. A closed surface means a sphere, a one person swimming tube, a two person
swimming tube, or generally a g person swimming tube. The number of holes of a g person swimming tube
is called the genus. Closed surfaces can be classified by g. It is known the problem that find the minimum
genus g when drawing a graph on a closed surface so that no two edges intersect.

There is a special graph called a complete graph K, which every pair of distinct vertices is connected by a
unique edge. K, has n(n—1)/2 edges. K,, is embedded on a closed surface with g = [(n —3)(n — 4)/12],

where the symbol [x] means round up x. This embedding give minimum embedding of K.

However, the embedding formula is unknown for
graphs that are not complete graphs. The symmetric
embedding of Ky in a closed surface with g =1 was

interesting to me. It has 1/5 rotational symmetry and 5

reflections. I wondered if there is a surface that has

symmetrical embedded of a graph with symmetry. So, I

decided to find out what kind of symmetric graph is

embedded in what kind of surface.

2.Result
I proved the following
Theorem. Let p be a prime number larger than equal to 7. Let D, be a dihedral group with degree p and Z,

a cyclic group with degree p. Then a graph with D, symmetry has an embedding with Z, symmetry on a

closed surface with genus p.

3
7k

A graph with D; symmetry, and an embed with Z; symmetry on a

closed surface with genus 7.

F—U—F: 777, B, (B, M, #HoiAs
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Abstract

The groups of the general nth order equations are the symmetric groups S,,. When n > 5, S, are
the unsolvable groups. So, the general nth order equations are not solvable by radicals. The alternating
groups A, are the normal subgroups and simple groups of S,,, and A4, are unsolvable, too. So, the nth
order equations with A, are not solvable by radicals. The number of the nth order equations with A4,
are less than the number of them with S,. I think the nth order equations with A, have some
characteristics.

My research subject is quintic equations with Ag. For this, I used the free soft SageMath version 8.6
which was developed by William Stein in 2005. I was able to collect many quintic equations with As.

In this paper, we shall show one theorem and seven conjectures about quintic equations with As. These
claims are that if some coefficient of a quintic equation are related to the Lucas and Fibonacci numbers,
then the group of the equation is As. In particular, the theorem is about quintic equations with the type
x>+sx+t=0, and if s=5Lyp41Lonss and t = +4L,,,1Lon.s then the groups of these

equations are As, where L,, means mth Lucas number.
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1. ILC®HBIC

AFEix, 2018 FEEED 3 EAE DD NER 0 EEIRE (RMIEEE 1) <, #v TEEICEES
DREEZT, ZNICHKERD, BEI AL CTH L, FuTHH» O, nk 5 U Lok
Be Lzl —MonKABRAEREW M 2B TE RV E LI ERBIEONE, ZL T,
COEBIISTEXOR LTINS b OBAFHF TRl W) Z L LFAfETH 5, EiF, n>5D
& E DXL L X IEN BBES, I AIRREC v, 51T, S, O Th 2R LIEN 28
A, b AIREEC I, FriC, SRTBEROBER, SsE /2134 FARTHZ LI DH, FpbE
DPIBME 12 DT v =y AR, D& ENBME 10 © HAEE, ZoErNBNES D
KEFER EERB L7225, Z LT, FolDpglZ W INDAEHECTH S, ThabbHERD
BB INLORfFEFEL AR E R 25X GBRRIIRERCHL 2L TES, 20720, Thb
DEATORZ S ORI LT, EDXIREORAB[ONDE L E Vo LITHAR
97 —~TH Y, Spearman & Williams V?, & %%, Kavanagh? 7z &'lxZ O 7RO %
o7z $2L, BLALDSRABEROB IS LA THY, HEKXOHFHMAEZREL Ca v
Vo — X THRNTHD L, SSPAORIBIREEE S OSRKABRR WP TH 2, 2o Lrb,
Laix, HEXOHBA L FBTH 25K FBRITFIITH 2 L AT, MRICK > TRERT
T 7w S HEELUAN DM O 2 OFZ A3 2 B TE 20 Tld R eFE 2, T0dd
KGO TH 5,

ZLT, UNOEHEFAL 72,

EM. nk B, L,ZnEHO U 2 18, 51Uy, = Lypyilonis & T3, SO & E 5 X5
R x®+5u,x+4u, =0 OFIFA LR TH 5,

2. 7EROR & R/NEE

g (1<j<n-DzHEEEKAEQDILE L, nXIiER
X"+ ax" T ta, o x" 2+ +ax+a;, =0
#Exb, LT, TOHBEROnHADHE x,x,, -, x, PR TEENEQLOIR/NDIK (/N7
fRfR) #Fe43, 2ot %, nflo@EzH VICERLD > TANMZ L %, QL CIXEE X
NTFOHCRIEGHRZG X T X9 ERZ T2 ED - EG2nRITERAORE L VI, —i%
OnRKHBRRDOLE D HEROFIIS, ICFABTH Y, Z OB (BEIROMEE) #S,13n!TH %,
Z L TS, DIREIED 72 3 H e n KA, TH Y, Z DA #HA,1En/2TH 5,

HEROHLH 2GR TH 25REREEZL XS5, LT, TNEHIC, 6% D DO5K)T
BREWHITLILT2, 6=5DL %, x, ¢ QTH Y, Qi 2&THR/INDHE (QITx, ZAML
=tk wvd) K =Qx) kT, HEROELIZNBNRE N

(c —x1)(x* + b3x3 + byx? + byx + by) =0
L%, TTT, beKyTHB, K QLD 5 RIEKRIEE W), IHIC, x, ¢ K, THY, K

1



Cx, Z I L 724KK, = Ky (x,) BT, HREXOLELIZREBE S

(x—x)(x—x) (X3 + cx2 +cix+¢) =0
L7%, 2TT, GEK, THD, Ky2 K LD ARIERIEL WS, IHIC, 3 €K, THY, KU
X3 NI L 724KK; = Ky (x3) £ T, TR0z KE s

(x = 2x)(x = x)(x —x3)(x* + dyx +dy) = 0
L%, TCZT, dj€K3TH B, Kz3ZK, ED3ITIERIFL 9, Z LT, %, Kz THY, Kl
X X I U 724KK, = K5(x,) £ T, TRz RE X

(x —x)(x —2x3) (x —x3)(x —x4)(x —x5) = 0
el b, Ky Ky ED 2 XILKIEE WS, TDKD, Ss% b0 5 RAFRKDERNGIRA L 75T
Wb, THIT, SsOMBEQYDKJICE D E TOIRKREMOMEIZT T 5, Thbb,

#S5: =5X4x3%x2=120
TH 5,
G =AsDEGEIL, Ks = K,(x3) EicB T, HEXOEABKBENEE N

(x —x)(x —2x3) (x —x3)(x —x4)(x —x5) = 0
&b, Thbb, K15, A b 25 RTBRROBRNGRAELE hoTnwd, 51T, AgDNEK
LQPDKICR D L TOIARRBDOEIZT—ET 5, T72bb,

#A; =5%x4%x3 =60

TH 3,

3. As% b OSKABEROH]

7 ) —Y 7 I SageMath |3, 2D ¥y 7 —IC PARI/GP ### L Tk, HFEXOHDE
HEA[EE L 7n > T\ 5, SageMath (Z, 2005 FFic7 XY A7 > v b v RK¥D William Stein 23
FELCHFEL &,

%Rl H5EIL, SageMath version 8.6 Zffi o TIT7x o 72072 & Z L A % b 2 5 X7

x> —55x—88=0
TH 5,

Hiffi & [ U T, AHBAQY b m/INifEkK, £ CotfililzQc K, cK, cK; e 35 L, 1k

K, i
c—x)* + 203 +x2x% + x3x+x,*=55)=0, x €K, x¢&Q
ERERE NS, 1RK, ETIZ
(= x) (= x2) (3 + (x5 + x)x% + (02 + x1%5 + 2% + %53 + 21,20, + 2,002 +x,3) =0,
x, €EK,, x, &K,
CRBOMI NG, 2 LT, KK LTI
(x —x)(x —x)(x —x3)(x + ¢1)(x + ) =0, X3,€1,C2 €Kz, x3,01,C2 € Kp
ERE I NG, TIT,

xq WX 1 x 1
3+ _ 1 1 +— _1__ 2
(( 220 110)’“2 ( 220 T110 T10)% 10 "35)%



N x,3 N x?\ N n* 1 2y x,* P 2 +x12 N 2%, N 9
220 "110)™* "\110 10)™ "\110 T2 T5)"2 7710 5 10/
Xq 1) 5 %% 9 X% x
+(u)+5 2 +< 10710)2" 5 "1
2 4 3
X1 Xq 3 Xq X1 1 x, 1 )
=((Z=+—= [ s ) P A s sy
© ((220 110)’“2 (220 110 10)’“2 10 5>x3
3 2 4 4 2
X1 X1 3 Xq 1 ) Xq x; 2 X1 2% 1
[ e s P e ) 7t of [t g gy PVt S it
<< 220 110>x2 ( 110 10)’“2 ( 110 4 5/ 10 5 "10/)"

X, 1) , (¥ 1 X% x
+< 10 5 x2'+(10+10 Y245 o

4. TEBDIEAD HEN

4.1 fXODERLI ARV Efru(x)
FOOZQRED 5 XK LT 5, £ LT, x1,%,%3 X4 Xs &
f(x) = x° —syx* + 5,x3 — 53x% + s4x — s
DIRE T B, 2T, ;035 DDA - 72HANFATH L, b,
Foo={0,1 | 6°=1*=id, ot =10%}CS;
X, M 20 D7 u Ry BT, ZDERITTEe=(12345) & t=2354)&TZ3,
%z Z T,
6 = 01 = x{ (xpXs5 + X3%4) + x5 (X3x1 + x4%5) + x5 (x4 + X5x1) + x5 (X5%3 + x1%7)
+ x2(x1x4 + X5x3)
EZDL, 0DSsTORERERDES 1IF,, & 72 5 ( Dummit) 2 £H),
X b,
6,=0, 6,=(123)6,, 6= (132)0,, 6, = (12)6, 6= (23)0,, 6= (13)6;
tL, LT
f20(x) = (x = 01) (x — 82)(x — O3) (x — 6,) (x — 65)(x — 66)
T %, fro()Ef)D 6 XL Yy b EIFENS,
fo0(x) DIRELZ, x1, %5, X3, %4, xs DMK & 725720, 51,55,53,54, s DN TDH B, %
LT, Dummit?® Theorem 1 TUATHARINT W3S,

1. QRED 5 RITHEAS(x) = 0B_EWRTHITEZ L L, fLo(x)DPHEHEBREFOC
LIXFfETH %,

AR 7R, ThbbA=Tli(x;—x)e L, ZL T, D=ALtF 2, 2T Txldf(x)DRTH
D, DIFf)DHRAX L MIEN S, DITOWTLUTAWZ S,



DEQ THBIZ L Lf(x)DWEDZs, Dy, T/1F AT LEBITHL L

f)=x"+a,_x" 1+ +ax+agtT5, 2T, q FBELT S, LTomElEE<
MonTnd,

W3, rAfO)DRTHB L L, rla,TH 5B LIFFAETH 2,

p=t

4. fo)IZBEIREZ DS, VDIEBRTHE L, fFO)DHENPZ L7 13D, & 8BS
HERMCcHL L LFEETH B,
GER) v 1, a2, mE3 X vELRS,

4.2 Yan¥
n&HD 7 4 KF v FEEX, F,=0, F,=1T n>0icxL Tk
Fopo =Fp +F,
TEFRING, T/, nEHDOY 2 W 8UL,E, Lo=2, Li=1 T n=0ick L itz
Lpi2 = Lpyr + Ly
TEFEING,

éﬁl%ES. un=L2n+1L2n+3&?5o C@&g{, un24‘6%0, un+1=5F2,21+2"C‘\3550
GED) Lopi1lonss =LA, —5 & LA, =52, +4 FXHoNEMERYTHE, 2k

D u, +1=5F2, »3bhd,

6. u, #0 mod 3
(REBH) L, mod 3 1315/ B2 L AN CTH 2, £ LT, L, mod 30 1 DS
1,0,1,1,2022TH 3%, N X Yu, mod 3IZFALNT, 20 1EAHD BIlx1,2TH %, Lo T

u, #0 mod 3,

5. TEHEDIHH
WD T, EHERRTE L,

EH. nE HREL, L, ZnEHDOY 278, E51Cu, = Lypiilonsz & T5. TDEE 5 RITHE
R x%+5ux+4u, =0 DEFIFA LR TH B,
GEF) albld 0 THRWEH L 75, 5XAf()=x"+ax+bikFEx D, TDLE,
fo0(x) = x® + 8ax® + 40a%x* + 160a3x3 + 400a*x? + (512a°> — 3125b*)x
+(256a® — 9375ab*) (1)



THH DummitYZZ08), 7z, F)DHRIADIL, BHRFED S

D = 4*a® + 5°p* (2)
7%, a=5u, b=t4u, LY,
D, = 4*55u,® + 5% - 4*u,* = (4 x 5u,)* -5 (u, + 1) (29
#1135, ML XY, u, +1=5F2,7>7DT,

Dp = (4 X 5up)* - 52 - Fpf
L0, DI VDT, D3 Rb, Ko TME2 XV, x5+ 5uxt4u, =0 O
M, Zo, Dy £7213AEFRMEE 725,
PIF, x° 4 5u,x + 4u, OREIZZ 22D, EFATICTH 2 LARE L FJEZE L,
(1) X,

f20(x) = x6 + 235u,x° + 2353u,2x* + 2°5%u,3x3 + 24500, x? + 2855u,*(Qu, — 1)x

+285%u,,5(u,, — 3) (3)
1%, 2L Trify()ORET 3, AlidX0ridBch2, M3 LY
7|285%u3 (u,, — 3) (4)

BRoNd, TnEY, HIIEDOEKal BIFIEL

r = 295P¢
ERETE D, 7277L, (321 THYH54¢ET 5, THIC
G = 71>+ 5%u,r* + 2253u,%r3 + 2 - 55u,.3r? + 255%u, 3 2u, — Dr + 2°5%u,*(u, — 3) (5)
LB L, fro) =0L D

r® = -235u,G (6)
%135,
(a) b220¥H%% 25, (6) &V
0 = 26956076 = —235. G mod 57 (7

THBDT, 6G=0mod 5°TH %, L»L (6) &b
G = 2°5%u,*(u,, —3) mod 5°
THY, mE5 X V5616THB, XoT, 235u,6 0 mod 57& 4V (DITFHET 3,

(b) b=0108E%2E2 5, ZDLE,

G
H = ﬁ — 25a<5 + 24a5{4un + 22+3a553un2 + 21+2a52un352 + 25+aun3(2un _ 1)(

+25u,* (u, — 3) (8)
T2, fro(r) =0X W EER (6) 13 26956076 = 23550+, gL 7nn, ZhEEHELC,
26a-306 — _5l-by p 9)
#1395, DL, b=0%b547XY (9) FEY I/, LizdoT, UTFb=1&3 3%,
(b-1) a=3&L &5, 8 & (9) XV,
2647376 = —254¢5y. mod 2°uZ = 29737 = —u, mod 2°u,?

ThHd, LoT, WaDHBHIEDEHL LT,



29730 = u,, (2%u,W — 1) (10)

EET D ou, =2Pu, 21U, 8T 5,24 2%u,W—1LY,a-3=20Th%, L1=H>T,
(10) 1

¢ =u',(2%u,W —1) (11)
Ehnb, Ebic, (4) X92%.57285%u,5(u, —3)TH 5, THIEHBZIEDERZE T

w,S(u, —3) =702 = 250, (u, —3) = u ,(25u,W — 1)Z

EHTLZLREKRT S, PIEY, 2tu, 242%u,W -1, W tu, -3, vwpt2%u,W—-1X
D, HLIEOEKZICLDY,

u, — 3 = 2%u, W —1)7'
kb, o7,

1-3/7'

=— " <1
25W —1/Z'

Un

&b, TNiFu, = 4CFET S,
(b-2) a<20B&46%%2 5,

H
Hy=5mma = 28a-1¢5 4 p2a-1g5¢4y 4 20+15¢3q, 2 4 524,372 4+ 247, 3 (2u, — 1)
+24——2aun4(un — 3) (12)
CEL, Tl E, (9) 132007376 = 2120y H L 7n ), TNEREIL T
24a—4{6 — _unHl (13)

#B%, bla=045lE, (13) 130 = -2%u,H, &7 50, THIE2HCFET S, LizA-
<, a=12T» 5%,
(b-2a) a=2¢L k5, Tof, (13) i

2476 = —u, H, (14)
&b, (12) & (14) kb,

247 = —25¢°u, mod u,? = {=-2u, mod u,>

b, TNEY, BEAEKTEH T

¢ =uy(u,T —2)
EEF L, 247X V24u, THY 24, T-2)Th %,

H, = uH_nl‘* = 27U, (U, T — 2)° + 235u,* (u,, T — 2)* + 235u, (u,,T — 2)3 + 5%u, (u,T — 2)?
+222u, — D)W, T — 2) + (u, — 3) (15)
L, (14) kv,
2*u,(u,T —2)° = —u,°H, = 2%u, (u,T — 2)% = —H,
5D C, 2|H, &% %, 24u, and 34u,72 272D T, 2|(u,—3)ThH %, (15) LV,
H, = 5%u, (u,T — 2)? mod 2

TH2b, 2tu, and 24 (u,T—2)X V24 H, 2 725208, THIX2H,ICHIET %,

(b-2b) a=108E%F2 X5, (13) XY (=0 mod u, TH 3, £>T, »LEKT%*H
W



{=u,T"
EEFZ, 247X 02¢4uk 24T 2B, (13) 1Kl =u,T'2RALT,
u, °T'® = —u,H, = —u,°H,
b, TNEEHL T
u,T'® = —H, (16)
#1553, L7=225oT, uylH, T'|H,TH3%, (15) kb,
—2T'"+3 =0 mod u,, U, —3=0 mod T’
#1595, Lo T, HETEHALBEH VT
2T = u,A+3, u, =T'B +3 (17)
EEIF D, 2bu, £24T'XD, 21A L21BRAVx 5, (17)& Db,
2-AB)T' =3(4+1), @Q-ABu,=3(B+2)
X o,
_A+1 _B+2

"Btz "™ T i
#1585, TIIEET, u FIEOBHMEIVA+1=4+B+2)e b, 27ZLA#+-1,B+-2Th
%,
(b-2b-i)) A+1=B+4+2t¥3%, DL EB=4-17T, (17)kY

! !

T'A? —(T'"—=3)A+3-2T"=0 (18)
TH5, (18) AT 2 2 XKL LT &
21 -3
==

THD, T"HDABEHTHL L LANX (T, A, = (-1,5-1),(1,-1,1),(3,1,3),
(=33,-3)TH 25, wIindu,>4cFET 5,
(b-2b-ii)) A+1=—-(B+2)tL k5, ZD:LEB=-4-37T, (18) &b
T'A?+(T'-3)A—(3-2T) =0 (19)
THd, AICBET 2 2 RAGBERA9) EAPERTHZ T =0ThTFNIEARLR Y, L7z
BoT, (17) £ Vu,=3Th 372, Zilu, =4CFET S,
AEICX Y, x°+ 5u,x + 4u, = 0DFFIFAICFICTH 5 Z & A REH S v 7z,

6. A% DO5XABERICET % ZofthoF4E

6.1 ABER xX>+sxt+t=0 OF
TR xS+ sxt*+t = 0DV A L ARl L I BstxTHEL L T A, s=50L ZtilDOW»
TUTDOT =235 0Nz, INO6DT—2EfIERADHK1IDOT e 77 L bbb,
t =64,320,7744,20480,53824,141120,369664
t =-320,—1280,—3136,—8000,—54080,—141376,—369920
INHIFETADEHTH YVt =64ub T 5 &,
u=1,5,45,121,320,841,2205,5776



u = —5,—-9,—49, —125, 845, 2209, —5780
Th b,
22T, VahBlL,\CiFEHLZ, n=1DL, I3,
1,3,4,7,11,18,29,47,76, ---
ThY, L2,
1,9,16,49,121,324,841,2209,5776, ---
Thb, 22T, B, =%,
w=L2%2=1 uy=L72—-4=9-4=5, u;=L7=16,
Uy =L2—4=49—-4=45 ug=L2 =121, ug=LZ—4=324—4 =320,
U, = L7 =841, ug=Lg? —4=2209—4=2205 ug=Ly%=>5776,
Thbb,

_ 2 _7 2_
Upn—1 = LanZq, Upn = Ly — 4

LiECL, 1<n<9THEEEnIcoOWT, HERX x5 +5x* 4+ 64u, =0 (ugcill,%<) DHEI

AL AT H B Lz B, Eix, HFER x5 — 5x* — 64u, = 0 (u3ciﬁ,%<)®ﬁi4),45&|azﬂf%

%, [Akkic, Bilv, (n=>1%,
v, =L%+4=5 v,=L2=9, vy=L7+4=16+4=20, v, =L2=49,
vs=LZ+4=121+4=125 vs=L2 =324, v, =L72+4 =841+ 4 =845,
vg = L& = 2209, vy =Ly +4=>5776+4 = 5780,

TbbH,

_7 2 _7 2
Von—1 = LapZy + 4, Von = Loy

CiEL L, 1< <9, THEIEEnCONT, HEKX x5 +5x*—64v, =0 (vgdilgé‘?<)<‘: x5 —

5x* + 64v, =0 (173 ZBR < )@ﬁciAS EFRIBICTH S, n=10000F CHEL, UToFELES

Nz,

FH1. L, ZnEHOY 2 - 55, 2ok X,
(1) Uppeg =Lyp2y, Upy =L 2 —4LiEWZE &, usZBR< HERX + 5x* + 64u, =0 &
x% —5x* — 64u, = 0DFEIT VI N DAL R TH 5,
(1) vypoq =Ly2 1 +4, vy =L 2 B &, v R TR +5x* —64v, =0 &
x° —5x*+64v, =0 OFEIT VI NDA LR TH 5,

6.2 HER xX°+sx3+t=0 OF
HIffiC, AsZ b oA +sxt +t =02 a2 oBond 2 EnTFEINE, HiE



R x®+sx3+t=0C20TH ZDBRELOMIEL . ZDHIE, As% b2 ERITOWTU
ToTF—221/800, INFeE CTHEHRICKZ2DbD7E 57,
x°+15x3 + 81u, = 0D U A b
u, = 4,11,29,76,199,521
x> —15x3+ 81y, =00 Y X }
v, = 3,7,18,47,123,322,843
n=10000% CiHEL, UToTFELGONT,

T2, L, ZnEHOY 2L 32, 2L ¥,
Uy = Lopyq, Vp = Loy
@l &, R x5 +15x3 +£81u, =0 & x°>—15x3 + 81y, = 0 DFHT VTN DA L AT

H 5,
6.3 HER x°+sx2+t=0 OF

HERXS +s,x2 +t, =012 WTIE, s, =+10L, t, = +24L, (FESFEIE) %% 2 2 HEH

Holze UTORIDBZDT—ZTHY, 51T, n=10000F THEL, UToFEEZE-,

T3, Lyzn&HOY ahfit 2, coe %, FEAXS+10x2+24=0 (EAFIE) o

HixA L RBTH Y, 51, n=3T

Sp = +10Ly, 4, tn = +24L,,,  (BES[FEIE)

@l s, TR xS +s,x2+t,=0 DERTVWITNDA L RAITH B,

K1 xP+sx?+t, =0 Ds, &t, DT —X

n 1 2 3 4 5 6 7 8
Ly 1 3 4 7 11 18 29 47
Sn 10 30 40 70 110 180 290 470
t, 24 72 96 168 264 432 696 1128
Fise A Ss Ds Ss A Ss As Ss
n 9 10 11 12 13 14 15 16
Ly, 76 123 199 322 521 843 1364 2207
Sn 760 1230 1990 3220 5210 8430 13640 | 22070
t, 1824 2952 4776 7728 12504 | 20232 | 32736 | 52968
iz As Ss As Ss As Ss As Ss




n 17 18 19 20 21 22 23 24
L, | 3571 5778 9349 15127 | 24476 | 39603 | 64079 | 103682
s, | 35710 | 57780 | 93490 | 151270 | 244760 | 396030 | 640790 | 103682
t, | 85704 | 138672 | 224376 | 363048 | 587424 | 950472 | 1537896 | 2488368
Fise A Ss A Ss A Ss As Ss
6.4 HER x¥*+sxt+tx?+u=0 OF
HRERxS +sx* +sx2+u=01C2OWTiE, s=5, t =-20,u=—-8(L, —2)THAE L 7=
x%+5x* —20x2 —8(L,—2) =0
UToR2BZDT—2TH 5,
#2 x°+5x*—20x2—-8(L, —2) = 0DHF
L 3 7 47 123 322 843 2207 | 5778
Fise A A A A A As As As
THIC, n=10000% CHEL, UTo LG,

T4 L,an®E&HODY 2832, oL, HEK
x%+ 5x* —20x2 — 8(L,, —2) =0
DFFIFAS LA CTH B, 7272 Ln =313k <,

6.5 HERX S+sx®+tx+u=0 DOff
TR +sx3+tx+u=0IC20 T, s=10, t =25,u=+8L, CIHE L 7=,
x% +10x3 +25x+ 8L, =0

LLToRIBZDT—2TH b,

I HIC

#£3 x5+ 10x3+25x + 8L, = 00

Ly 1 4 11 29 76
ﬁi A5 S5 A5 AS AS
L, 199 521 1364 | 28568 | 9349
Fise A A A As As

, n=10000F CHEL, UToFHEE-,

THS5 LZnEHOY 2L 32, 2oL %, HEKX
x°+10x3 + 25x + 8L,.; =0

DEFIZA LA TH %,
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6.6 HER xX°+sxt+tx+u=0 OFf
A +sx*+tx+u=01CO0TlE, s=n, t=25u=INTHEL %,
x4+ nx*4+25x+9n=0

LLToRABZDT —2TH D,

x4 x°+nx*+25x+9n=00F

n 1 2 3 4 5 6 7 8 9
pisd As As As As As As As As As
n 10 10000
Fise As A

X5IZn=10000F CHEL, UTOHELE-,

T 6. nEHOKET2, cotx, FHERX
x> 4+nx*4+25x+9n=0

DEFIZA LA TH %,

6.7 HER F°+sxt+tx+u=0 OF
A +sxt+tx+u=0CDWTlE, s=5, t =15u=125F,,,; — 53 Gl L 7=,

x® + 5x* + 15x3 + (125F, 4,4 — 53) =0

5 x5+ 5x* +15x3 + (125F,,., — 53) = 00 #
21 55 144 377 987 2584

Fanta 0 3 8
e A Ss A A A As As

X 5I1n=10000F CHAEL, UTOREREEE,

THT7. nFHOKET 2, 2oL %, HEKX
x% + 5x* + 15x + (125F,,.1 — 53) =0

DHEIFZA L AITITH 5,

7. BbYIT

AT TIIHAZ D OS5 XM Z B E L C B0 AR IC O WwTHE U,

SageMath Z W CTHfAsZ b O 5 RGN OTAEZIT > CTE 7z, fMRE L THAZDD5XF
BRICOWTTOOFHRE —DDERETE I LENRTE,
SHOMELE LT, #A; 2 b0 3 RITEA, #HAZ DO 4 RTEAZ A, OG- THEE D
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b, The American Mathematical Monthly Vol. 101, No. 10, pp. 986-992 (1994).
2) Blair K. Spearman and Kenneth S. Williams, ON SOLVABLE QUINTICS x5 + ax + b AND
x° + ax? + b, ROCKY MOUNTAIN JOURNAL OF MATHEMATICS Vol.28, No.2 (1998).
3) Ryan KAVANAGH, ON IRREDUCIBLE RATIONAL QUINTICS,
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4) D. S. Dummit, Solving solvable quintics, Mathematics of computation volume 57, number
195, pp.387-195 (1991).
5 W, 7 4 KTy FEO/NFHE, DA R (2002).
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A As% b2 5 XRABRERD 3 7 v/ F L (Python2)

with open(‘galois_file’,’'w’)as o:
for j in range(0,100):
for k in range(0,100):
$=]
t=k
R.<x>=PolynomiaRing(00)
f=x"5+s*x+t
1=list(factor(f))
u=[x[1]forxin1]

s=sum(u)
if s<2:
G=f.galois_group(pari_group=True)
u=G.order()
if 50<u<120:
print(f,G)

o.write(str(f)+7;"+str(G)+'¥n’)

o.close

X1 Az d 25 RAGFERX%E ko 2 7 v 7 F L (Python2)





