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Abstract

The coronavirus has disrupted the eating habits of students in the dormitories. We decided
to create a tool to calculate nutrition in order to help them improve their diet.

Once the nutrients of the food are registered in the tool, it automatically calculates and
graphs the nutritional content of a meal. In order to have a well-balanced diet, it is necessary

to consider the proper combination of ingredients.
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18020 T 7 5 A 80 188.8 12.72  9.28 16.4 55.2 0.48

18041 FE—2sHL — 100 116 28 86 7.7 14 05

= 460 595.7 20.95 19.82 84.49 114.62 1.91

10 YEB2HHDODA=2—

A=a2— 3HBXZa2-—H IxLF— 7AECE BE kKt HLro L %
BRES MH (AR BEE(g) keal g g g mg mg ug
1026 &/ 100 248 89 41 46.4 22 05
7148 U >3 30 15.9 0.03 0 3.66 0.9 0.03
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A
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Ta S5 hA (LYEEROEODR X —F 7 s S L)
Sub #&— 1+ ()

Range("B6").Clear

Range("C5").Clear

Range("A8:L50").Clear

Worksheets("CopySheet").Activate

Range("A3:L50").Clear

Worksheets("Sheet1").Activate

MsgBox ("2 =2 —:MEEZ AN LT, [1] KH#EATLZE ")
Range("B6").Activate

End Sub

7u774B (LYEERO7DORMESHRE T 07T L)
Sub FMFFHEK(
Dim ws As Worksheet
Application.DisplayAlerts = False
For Each ws In Worksheets
If ws.Name = "CopySheet" Then
ws.Delete
End If
Next ws
Application.DisplayAlerts = True
Workbooks.Open Filename:=ThisWorkbook.Path & "¥& i} 53 7% .xlsx"
Workbooks(1).Activate
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Worksheets("Sheet1").Activate

Workbooks ("% 77 xIsx") .Sheets(1).Copy After:=Worksheets("Sheet1")
ActiveSheet.Name = "CopySheet"

Workbooks ("& i ik 4y 7%.xIsx") .Close

Worksheets("Sheet1").Activate

ERES
Dim gyo As Integer TS
Dim zairyo As String Rl

Dim r As Integer
Dim rsk As Integer
Dim sbango As Integer "BanEE
gyo =3
WA HER (T —X2KT) T2 ETHYIEL
Do Until Worksheets("CopySheet").Range("a" & gyo) = ""
gyo = gyo + 1
Loop
gyo = gyo - 1
Workbooks(1).Activate
Worksheets("Sheet1").Activate
rsk = 8
I HER (T —2KT) TR ETHRYIEL
Do Until Worksheets("Sheet1").Range("B" & rsk) = ""
rsk = rsk + 1
Loop
rsk = rsk - 1
Fori=8To rsk
zairyo = Range("B" &1i)
Forj=3To gyo
If Worksheets("CopySheet").Range("B" & j) = zairyo Then
sbango = Worksheets("CopySheet").Range("A" & j)
Range("A" & i) = sbango
Range("D" & i) = Worksheets("CopySheet").Range("D" & j)
Range("E" & i) = Worksheets("CopySheet").Range("E" & j)
Range("F" & i) = Worksheets("CopySheet").Range("F" & j)
Range("G" & i) = Worksheets("CopySheet").Range("G" & j)
Range("H" & i) = Worksheets("CopySheet").Range("H" & j)
Range("I" & i) = Worksheets("CopySheet").Range("I" & j)
Range("]" & i) = Worksheets("CopySheet").Range("]" & j)
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Range("K" & i) = Worksheets("CopySheet").Range("K" & j)
Range("L" & i) = Worksheets("CopySheet").Range("L" & j)
End If
Next j
Next 1
With ActiveSheet.Sort
.SortFields.Clear
.SortFields.Add Key:=Range("A7"), SortOn:=xISortOnValues, Order:=xIAscending
.SetRange Range(Cells(7, 1), Cells(rsk, 11))
.Header = xIYes
-Apply
End With
Range("C5") = "100g 7 — "
End Sub

7mnr75C (LYEEROdORMT — 2BINT 07T L)
Sub 7 — BN
ERES
Dim r As Integer
Dim k As Integer
Dim gyo As Integer
Dim gyo2 As Integer
Dim bango As Integer
r= Range("El")
bango = Cells(r, 1)
If MsgBox ("7 — ZBIfTH S 1ZIE L \WT$ 2 ?", vbYesNo) = vbNo Then
MsgBox "ZH L TL 72X "
Range("El ").Activate
End
End If
If MsgBox ("B (g) 13 & TZEM T3 2> ?", vbYesNo) = vbNo Then
MsgBox "ZEffic L T 2 X nw"
Range("CS") Activate
End
End If
gyo =3
I HER (T —X2KT) T2 ETHYVIEL
Do Until Worksheets("CopySheet").Range("a" & gyo) = ""
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gyo = gyo + 1
If Worksheets("CopySheet").Range("a" & gyo) = bango Then
End
End If
Loop
gyo = gyo
gyo2 =r1
HWEDEE (T —XHT) 1Kk ETHRYVIRL
Do Until Worksheets("Sheet1").Range("B" & gyo2) = ""
Rows(gyo2).Copy Destination:=Worksheets("CopySheet").Rows(gyo)
gyo = gyo + 1
gyo2 = gyo2 + 1
Loop
Worksheets("CopySheet").Activate
With ActiveSheet.Sort
.SortFields.Clear
.SortFields.Add Key:=Range("A2"), SortOn:=xISortOnValues, Order:=xIAscending
.SetRange Range(Cells(2, 1), Cells(gyo, 11))
.Header = xIYes
-Apply
End With
Workbooks.Open Filename:=ThisWorkbook.Path & "¥& i} 53 7% .xlsx"
Dim MaxRow As Long "\&#%t v DT
Dim MaxColumn As Integer "fx#& & L D¥|FK 5
'CopySheet %7 77 4 74t 9 %
Workbooks(1).Activate
Worksheets("CopySheet").Activate
'—Hhe b6, T DR VI & S
MaxRow = Range("A1").SpecialCells(xILastCell).Row
MaxColumn = Range("A1").SpecialCells(xlLastCell).Column
With Workbooks("£ 5K 535% xlsx") .Sheets (" 5 ik 437 ")
.Range("A1", .Cells(MaxRow, MaxColumn)).Value = _
Range("A1", Cells(MaxRow, MaxColumn)).Value
End With
Workbooks ("& i ik 4y 72 .xIsx") .Save
Workbooks ("& i ik 4y 7%.xIsx") .Close
Workbooks(1).Activate
Worksheets("Sheet1").Activate
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End Sub

775D (LY EERO70OREBREE 70 77 L)
Sub EIEFHE(
ERES

Dim Ryo As Long

Dim bango As Integer

Dim EN As Single

Dim Pr As Single

Dim Li As Single

Dim Cb As Single

Dim Ca As Single

Dim Ir As Single

Dim VtA As Single

Dim VtB As Single

Dim VtC As Single

'Dim Sm As Single

If MsgBox ("B (g) 13 AJ1iEA T3 2> ?", vbYesNo) = vbNo Then

MsgBox "A/J L TL 72 & "
Range("CS") Activate
End

End If

gyo =3

I HER (T —X2KT) T2 ETHYIEL

Do Until Worksheets("CopySheet").Range("a" & gyo) = ""

gyo = gyo + 1
Loop
gyo =gyo-1
rsk =8

HWEDEE (T —X#T) 1Kk ETHRYIRL
Do Until Worksheets("Sheet1").Range("B" & rsk) = ""
rsk = rsk + 1
Loop
rsk = rsk - 1
Fori=8To rsk
bango = Range("A" & 1)
Ryo = Range("C" &1i)
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Forj=3To gyo
If Worksheets("CopySheet").Range("A" & j) = bango Then
EN = Worksheets("CopySheet").Range("D" & j)
Pr = Worksheets("CopySheet") . Range("E" & j)
Li = Worksheets("CopySheet").Range("F" & j)
Cb = Worksheets("CopySheet").Range("G" & j)
Ca = Worksheets("CopySheet") . Range("H" & j)
Ir = Worksheets("CopySheet") .Range("I" & j)
VtA = Worksheets("CopySheet").Range("]" & j)
VtB = Worksheets("CopySheet").Range ("K" & j)
VtC = Worksheets("CopySheet").Range("L" & j)
Range("D" & i) = Round(EN * Ryo / 100, 2)
Range("E" & i) = Round(Pr * Ryo / 100, 2)
Range("F” & i) = Round(Li * Ryo / 100, 2)
Range("G" & i) = Round(Cb * Ryo / 100, 2)
Range("H" & i) = Round(Ca * Ryo / 100, 2)
Range("l" & i) = Round(Ir * Ryo / 100, 2)
Range("]" & i) = Round(VtA * Ryo / 100, 2)
Range("K" & i) = Round(VtB * Ryo / 100, 2)
Range("L" & i) = Round(VtC * Ryo / 100, 2)
End If
Next j
Next 1
"FHEINE A
Range("B" & rsk + 2) = "&Et"
Forj=3To 12
Sm=20
Fori=8To rsk
Sm = Sm + Cells(i, j)
Next 1
Cells(rsk + 2, j) = Sm
Next j
Range("C5") = "H4r & D FHELAGR"
Range ("A5").Activate
End Sub

8 E (LY EfERDO7EO DA 2— {70 75 L)
Sub £ =2 —{#F0
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Dim ws As Worksheet
If Range("B6") = "" Then
MsgBox "X = 2 —% AL TL 723 Ww!"
Range("B6").Activate
End
End If
Application.DisplayAlerts = False
For Each ws In Worksheets
If ws.Name = "SaveSheet" Then
ws.Delete
End If
Next ws
Application.DisplayAlerts = True
Worksheets("Sheet1").Activate
Worksheets.Add After:=Worksheets(Worksheets.Count)
ActiveSheet.Name = "SaveSheet"
Worksheets("Sheet1").Activate
Range("SaveSheet!A1:1.30").Value = Range(Cells(6, 1), Cells(36, 12)).Value
Worksheets("SaveSheet").Activate
Columns("A:L").AutoFit
Worksheets("Sheet1").Activate
Dim DT As String
DT = Range("B6")
Worksheets("SaveSheet").Activate
Ay -V REELTZOE IR
Application.DisplayAlerts = False ' X v & — & % — R HYICIERIR
ThisWorkbook.Worksheets("SaveSheet").Copy
ActiveWorkbook.SaveAs Filename:= _
ThisWorkbook.Path & "¥ XA = = —¥" & DT & ".xIsx"
Application.DisplayAlerts = True 'X vt —Y 2 KR EICKE T
ActiveWorkbook.Close False
Worksheets("Sheet1").Activate
End Sub
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Abstract

With the aim of regional revitalization in mid-mountainous areas, an aquarium concept was used in this
study. The aquarium would be mobile, with aquarium functions inside the airship. Airships are increasingly
taking environmental issues and the SDGs into consideration, using biofuels and actively utilizing
renewable energy. The role of the educational facility will be to educate people about water-related issues
that occur around the world. Permanent exhibits on the airship will focus on the ecosystems of the

Asahikawa and Yoshiigawa Rivers.
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Abstract

In two-dimensional space, the Kutzbach-Gruebler's equation is known as a equation for
finding the degrees of freedom of a plane figure composed only of lines. However, the
Cookbach-Grubler equation in three-dimensional space was not known. The purpose of this
study is to investigate the degree of freedom of deformation of polyhedra in three-dimensional
space. In this paper, we study two deformations: a polyhedron used in the video
"Reconfigurable Materials" posted on YouTube by Harvard John A. Paulson School of
Engineering and Applied Sciences on January 19, 2017, and a parallelepiped composed only
of lines. First, we prove some of the propositions we discovered and reproduce the movement
with GeoGebra.
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Study of the Regularity of the Pendulum
SHIRAGA NAOTO

Abstract

The objective of this research is to reproduce the motion of a pendulum using
simulation in order to create an easy-to-understand mathematical model of the
pendulum's motion. The pendulum we tried to reproduce was a pendulum wave
and a pendulum suspended from a stretched string. We created a device that

could actually observe them, took data, and compared it with the simulation.
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27 26 25 24 43 32 ¢

O |0 ([N WwWw (N

—_
o

—_
—_

ZDEPSH 1471 60 BRI ZHIR D 1135 24.8cm, 59 EHRNZIRD T-7% b
25.7cm &, RO FORIBDV LI ORS Go T It dbrd, 2OT —
ZaH EICHHEEEDH IO Ty Iar—va vEERLTHL, XD 4 1%
RoForIalL—vavVvliiHicdb,

Bfé BASIC- [C¥Users¥E1?®  E#t¥Desktop¥iR ) THIRY T 2 BAS] - X
[ orinF) BEE BAR 17700 BRW) 7 (H)
DEEHES s BB » I LS B &

DRAR disk WITH SCALECFHSHIFT(x(i),w(i))
PLOT LINES: O, OysxCidow(i)

NEXT 1 #¢ C¥Users¥ 9% B ¥Desktop¥RYFHEYF 2 BMP —
SET COLOR 1 IPIMF) fRE(E) FERR) J|RMW) 17 53x(0
SET LINE COLOR 1
FOR i=1 T0 n

LET c(i)=c(i)+P1/160

LET A1) W(i)xdt

LET B(i)=-(exSIN(c(i D3 AL ) *dt

LET c(i)=c(i)+ACi)

LET w(i)=u(i)+B(i)

LET c(i)=180%c(i)/PL |

LET x(i)=L(i)¥SINCe(iy)

LET w(i)=0v-L(i)*C05(c(i))

DRAW disk WITH SCALECrI*SHIFT(x(i),w(i))

PLOT LINES: O, Oy;xCid.v(i)
NEXT 1
| WAIT DELAY 0.0002
IF MOD(t10,500)=0 THEN
! LET deount =dcount +1
| GSAVE "E:¥TEMP¥tri” & USINGS("3%%%%", dcount) & “.GIF”
END IF
NEXT t

END

K4 _vVFaIF3LUz—7DYIal—3a VEHE

60 | 24.8237003212201 i
59 | 25.672312886065 35
58 | 26.5651965387611 i F’_._/’/
57 | 27.5054851204655 20
56 | 28.4965947565027 15
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4 WrFEEtE (2)

HROFE B L TRy Ta7 L7 2 —7HERERLBIEL -, HBIRY
T ORFOHAMN AR ERA L L TRONZEABE L2 L TIRY FOH
Hlic oWl Z R o -0 ¢, RIS AHANCE N T IR F2 BT 5
T L7z, RY FORMEZNE 2 HERARADODEIRE LD, C
NERYT 2T L7 2= 7 CHET L ENTELDOTHMDTEEE 2 5 H
BHb, RORIZZZTHIRY THHAIICIRN S DX, b Y & 1Tl
D—VEDBEEINT VI 2bRDT, ZOHTEIRS7ZRICEHETLZ LICL
Too o ZZARWKIRY FEBZ LTV, RY 728 —H ik AHA R FH o &
fLizR N WE R, —AROKICIRY 72 i, =& FRREICE~Tmsd
L TENETNDOIRY FRARZELTCHE2ZAEIFELZR Tz EILT 3,

5 HEBEDIER
RYTFTa2aT7L7z—7ORFLRFRICETIIN 5 O X 5 R3EEOERICEY

AT, ROBEMHAGOLECHEEY., 2o LHopRICKREZIRS, TOXRIT
Bl wzoEAzbls ECRNDEZFHMTCE L L HICh>Tn 5,

M5 Ry Fz2ms LKE
5



RolTARDRNEOEAZET L THETEL LI ICLRhoTWEA, 2D
FEDIRIT DB Y Fix, A LERE-7241C 75g DB b Y 2 H 5 L7z’ %
ATEDZHE L TRO T, 725 HDRKMEIZ 8cm 72572, ZDkT%2IX6
(7N N

M6 fkrmlikokhty () LB iK-72HE (F)

6 EE (RyT2M@)

CORHSERICIIFACR I OIRY T2 _MEHRBIcH 2 L. FTORY 772
FEIR S 2RO 2RO E 2 RN EZEZ b R T, RYICEI» T 75 DR
D Y%A BIPIRVHDORY TEBELTEZS, K7 IR % {HEY
7 db0%Rs, M7OEOIRY T% A, ARV TZ B L L7,

7 RV TR MRS LRE
6



6-1 R

DO fHOIRY FoEZ 28K LA, ROL>ARBIERA LN, &
PNCE D L72IR D T A 3D LI 2IRNUES/NE K o T X 3IgFE, 2D
DHDUTORNMIELRE S moT0E, WK D EFIELZRICENZIILD
Ll VolzBj X HEVIRL TV, IRV TFBIIZOHT, ADBLREDL T
1L, HIELTWR Y FBIZEA LB WAL o T E, ADBWHSEE
7o TWLIEEBRBOBHA TCWEFIET 2 X5 2@z 2 RE7-,

ZOIRYF A LIRY FBAZNZENFIET 2R Z -2 2 ICHEL T &
DIz DPRDOK 2 THDH, ZOMBERDLLHBPRELSLBIRE, OF
DIRADFH 2213 ZNZTNDIRY T OB X 21 2 £ TORRIAE L 72 -
T e h b, $72. RICIRY F231EE 2 F CORMA—ETH B Z &
26 A ¢ BOEIZERANED TCWEXSICRZ%, 725A2 5em X 0 /)
I B LIRY FidikET 5 C & 7 < fliuie I 72,

%2 3R BOIRY THEF 2 W

725 # 8cm 7.5cm 7cm 6.5cm 6cm 5.5cm 5cm
APIEE 3 /s 15 15 17 21 27 33 39
B2sikE % /s 29 31 35 41 55 65 75
HOADBIEE 3/ 43 46 53 61 80 96 111
HOB2IEE 3/s 57 61 70 81 108 127 149

6-2 vIial—vay
Yial—va v TERROEFHFERZHE > CEHEL TV,

d*6,  mgsin6,

m dtz —_ L - k(291 - 92)
d?6 mg sin 8
2 T9R2 k20, - 6,)

™ aez = L

ZO_MHOIRY FovrIalb—vavlilzK 8 ICRT, YIal—vaVv

ofgoiizT —&2iE, RO TOIRNWEEZ 77 A< AFATHELLD DT

Iz 77K LEZbD%RK 9 IR, 777 CEFHEPE2IZEIRY 70

RIIERKEL Ro T3P, ZNIF7Te 77208 ERDTRIC LRV D
L35,



P& Basic- (¢ R FEEMIRY T 2 @.8AS) - a X

¥ orinp) WMEE EFR 1500 BRW) A (H) —1®|x
DEES sB2B- o 0821k 8 &
=(-axSINCeCi ¥t -kt i)- o
tg- gE:;zé(fﬁ(%E')nA(‘) St (i)-s) % CHUsers¥ES®  EHWDektopHBIFYEMBYT 2EEMP — x
LET w(i)=w(i)+B(i) PMF) REE) PR BRW) 17 7340

! LET c(i)=180%c(i)/PI
LET x(i}=L(i)¥SIN(e(i))
LET w(i)=0y-L(i)3C0S(c(i))
LET x(i+n)=d¥SINCCCi))

LET w(i+n)=0y-dL4COS(C(i))

PLOT POINTS: Ox,0y

DRAHM disk WITH SCALE(r)*SHIFT (x(i),v(i))
DRAW disk WITH SCALE(r)4SHIFT (x(i ), fy0+ixdd0)

PLOT LINES: x(i+n),v(i+n);x(i),v(i)
PLOT LINES: x(i+n), f0+ixddd;x(i), fy0+i*dd)

! IF i=1 THEN WRITE #1: x(i) !F—52m0iF

NEXT 1
FOR j=n+1 TO 2¥n
PLOT LINES: x(j).w(i);
MEXT J
PLOT LINES
PLOT LINES: £:0,fy0:x(3), fyl+ddD;x(4), fy0+2%cd0; fx1, fyl

! WAIT DELAY 0.0002

NEXT t
ICLOSE #1
END
K8 “fHDIRY FDv a2l —v a Vi
BYFA &U¥B
25 20
20 15
15
10
10
5 5
0 i x‘ l lll 0 N F NI 9o N EO[=F 1D| QO - 00 ) O b g
i ] & I o 4 W H € NER B ~'oy @ o bs [0 DO = oy
5 [HSEEEBS 253 FRlld R4 3 Bl S PR E RIHE B Ry = 3 BHI M BIRR NS
Y22 T e 23 REE i 1El SN PR MO RS RERB LRI RRABRR38853
-10
-10
-15
20 15
25 20

M9 T—2rrofFoNziKYTA. BDI 77

DI 70LIRYFABKELIRNTWAR, IRV FBo@hxi3/hanw
LB B CHAREBRICEISE L 2 B R L 22 R & R T AT RO
xR oz, ZOLIICESZRICIEY F% 2 R 2 L7 kREED S 133
2R o7,

7 EEB (RYF31ME)
RO A 0B TORANES D> 7= 0 CRITEY T2 S ZH L

T, A LTl flore FAECEHoIR Y F2ERRICHR 2 L, o
RO F% A, BEAFZ B, IMllz COIRY FE L<, AFFE»LZL XD



EEROEE 2 RCwn <, K10 icikY) 72 =Y ffF=dDzmRd, M 10 D
EDIRY F225 A, B, C& L7,

B4 10 RV FZ2=fim 5 L 7= 2EiE

7-1 R

TG FARICHIRY F251EF o 2 2 FHII L 720 IRY % =fflIc L CTEIZE L
2l ZAh BuAEL T EE F 2R E 2R/ S SRiRNIE CHE) X 1 B s
HY. BHAERS 2 X5 kB2 IR AR o7, 20720 5 5r% HRICEHH
L7ce ROKXIWCIFZENENDIRY F272H LI TT, BEHIEEo%
Rz £ Loz dbDrRT,

K3 123 BEOIRY AL E B K

7z % FH 8cm 7.5cm 7cm 6.5cm 6cm 5.5cm 5cm
ADIEZE B /s 81 115 102 83 132 162 136
104 160 130 114 168 207 185
169 184 160 146 205 248 235
191 219 187 176 241 294 287
214 235 217 210 277 338
235 257 244 239 315
258 283 272 273
280 300 302




7= 5 H 8cm 7.5cm 7cm 6.5cm 6cm 5.5cm 5cm

B 231k % /s 21 26 30 34 37 49 56
81 150 203 64 72 93 106
102 173 231 165
120 256 194
138 280 223
157 254
195
215
254
272
290
7z % % 8cm 7.5cm 7cm 6.5cm 6cm 5.5cm 5cm
C21E% % /s 26 28 33 36 40 43 44
50 53 60 68 77 140 111
90 76 89 130 115 186 160
113 100 118 163 150 230 211
138 120 145 193 187 274 261
158 148 170 226 224 315 310
180 172 200 256 258
204 197 230 288 295
223 223 258 318
243 245 287
267 269
290 293
312

BT A& ClE2nBEEro—EDRRTHIELTWZDB905 X5
Tl o7, RO F B IBL CIEIRIRV Bt T Y, EHORY FoE%x
RELZTCWZEEZ2ZLbNS, IRV T A L C oKl ZRATCAZ L, Zid
B N ANEDS L) afERIChoTW0d, EHRRLIIVTFHAZIEEREY T
DILFE ZEMEPE L 2o T T 077,

k3 aREZ T2 /R &, IRV F B 0o#XICOWTHH» 5 LRV hdh

10



272DT, RIIZNZEFNORY TORNIELZHIET 2 2 & CHRHEMZET &
L7, HIET S EZDRNIZ65m, FEIZ 3D TSMITLDIEY FoEX
Z2MF2F LD, CNEFTZ7ICLEDDORRDOM 11 TH 3,

wYFA
50
40
30
20
10

10 JEH i S i ik ¥ 9 : 2 i
-20

— ] — 2

&) FB
a0
30
20

10

-10

-20

— ] —

I®Y FcC

— ] — 12

K11 ZNnFholRY FoOIRNIE

11



7-2 YIal—vaVv
Yial—va VY TlROEEHFRE M- CEHEL TWw L

d?e, mg sin 6, 1 2
mg = k{20~ (50 +56)
d?e, mg sin 6, 1 1
LT (h )
d?6, mg sin 0, 1 2
mg = k{20~ (36,4 36,)

COZ{ADIRY Foviab—va vEEER 12 R, v Ial—
TavhroEonNT — 23R TORVIEE T T RE~ A FATHIEL 72D
DT, TNET T 7ICEKLEZHDEK13ICTRT,

B BASIC - [C¥Users¥ 37 B ¥Desktop¥iFY FEETMITY T 3 E.BAS]

[ 7iuF) BEE EAR) 0] BRW) 7 (H)

D2EE s 2@ (» I LSk F &
FLOT POINTS: Ox,0Ov
DRAH disk WITH SCALE(r)aSHIFT(x (i), »(i)) & C¥Users¥578  EH ¥Deskiop¥iRY FHERIRYF 3 E.EMP - X

DRAN disk, WITH SCALECrSHIFT(x(1 ), f0+ #dc) e o

FLOT LINES: se(i#n) v (i+m)5x(i), (i) MR BWEE HER)ERW S

FLOT LINES? x(i#n)  Fy0ri%dd0; 1), 0+ xcdd
NEXT T

FOR j=nt1 TO 2
PLOT LINES: x(J) y(ids
NEXT J
PLOT LINES
PLOT LINES: x0,fv0;x(4), fy0+ddd;x(5),fv0+2xdd0;x(6) , Fy0+8+dd0; fx1, Tyl

01 STEP -1

IF i=1 THEN

SET COLOR 1

SET LINE COLOR 1
ELSE

SET COLOR i

SET LINE COLOR i
END IF

IF =1 THEN LET 3=C(2)
IF =2 THEN LET $=C(1)+C(3)
IF =3 THEN LET $=C(2)

LET A(i)=WCi)xdt

LET B(i)=(-g*SIN(cl 1)) )/L{i bt -kx (2xC(1)-5)
LET el(i)=cli)+A(i)

TFT wliv=wl i )4B(1)

K12 ZfoIRY Fov I oL —32 a3 VEE

FEERICEHIIL 72 11 Z A CTHh 2 LIREZEHIIL 2R L [ U & 5 icmdlid A
BELEPHRIVELLIZIRELTWT, YT A LRV T C BRAICRN
T, IRV F B FIgiEF LB CIRNUE T Cwa K5It 23, RiCl 13 2R
THbE, THOLHFAMKICIRY T A, BIRIANEDY, #RYF B RN FET T
Wb, ZOZErLHFROIRY FIIELGOIRY FORELZ T L & CTH X
tdTcwaeEZONSE, EBICHHIIL =27 7oy L lE_THT, &
lal—vavitkoTBonkr 7 7% 0k L5 RBCENT-0, Zhic
QMR D 572z B,

12
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(=TT,

s JRIALEIE i §
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-15
20

-25

&Y 8B

.4 1
H LD
=09k

Az

&Y FcC

30
20
10
o YUl
N

H]

b ik U LY B %
10 FEL L : : - -}

=20
-30

M 13 7T—=2»bfFo0zkRYV A, B, Cor 77

8 It®

AR TIFERIRY Fo# 20TV EES27-0, Y IaLb—vavik
ffioCIRY FTOBEX2HHAT 2 LHNTH >, YT MHATZ~V T
27 LY =T RRo TR B ol HERIRY FOBZ L, EERICFHEIL 727
—Z LKL DD, YIal—vavilkoTIhbo®Ec2HHELZET L
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EER T 22 LB TE Iz, ZD0@EBEIRY T2 RN Z R T2 2 23T
Ee, vialb—va vy THOEHHERCOWTEHEZ2HET 57200
bDE oD T, ERICILEIENZ 2T 200N S B D, X 64 2MITHALE
RERK U T, 25O HAZZIRY FUIMTDIED 220k D D XRIES S FF#E
LTWw7DT, b LEAILIMYHAZITIES VL bREL2wEEZ S,

SE 3T

Wikipedia R Y ¥
https://ja.wikipedia.org/wiki/%E6%8C%AF%E3%82%8A%E5%AD %90
(7 2023-01-17).

Wikipedia —HE{RY 1

https://ja.wikipedia.org/wiki/ %E4%BA%8C%E9%87%8D%E6%8C%AF%E3
%82%8A%E5%AD%90

(31 2023-01-17).

Science Café V7T 27 LV xz—T7DRORIDKDS
https://sciencecafe-mc2.com/blog/pendulumwave/
(314 2023-01-17),

14


https://ja.wikipedia.org/wiki/%E6%8C%AF%E3%82%8A%E5%AD%90
https://ja.wikipedia.org/wiki/%E4%BA%8C%E9%87%8D%E6%8C%AF%E3%82%8A%E5%AD%90
https://ja.wikipedia.org/wiki/%E4%BA%8C%E9%87%8D%E6%8C%AF%E3%82%8A%E5%AD%90
https://sciencecafe-mc2.com/blog/pendulumwave/

1%
T rs5nal (RvFaSLTz—7)
FHLZ12KDHRDEZXEZANL T, FAHHDES 12 K0IRY 2 FFICEI2 L Tw 3,

WAIT DELAY 1
DIM A(20), B(20), C(20), W(20), L(20),X(20),Y(20)
LET n=12 [ R Y - D%

lOd DR

LET L(1)=37.2200421309423
LET L(2)=35.7461284625569
LET L(3)=34.3580627283323
LET L(4)=33.0493051613877
LET L(5)=31.8139270759674
LET L(6)=30.6465436064446
LET L(7)=29.542254927733
LET L(8)=28.4965947565027
LET L(9)=27.5054851204655
LET L(10)=26.5651965387611
LET L(11)=25.672312886065
LET L(12)=24.8237003212201

LET Oc=5 ! ¥I#f &

LET tm=5000 4% b T D KFlH
ILET dt=0.04 4R Y 7D =
LET dt=0.1 §&E b T D# &
LET r=0.7 | fR Y F DI D P-4%

LET g=9.8 | &/

OPTION ANGLE DEGREES
SET WINDOW -23,23,-1,45

I DRAW grid

LET Ox=0

LET Oy=43

15



FORi=1TOn
LET C(i)=Oc
LET x(1)=L(1)*SIN(Oc)
LET y(i)=Oy-L(i)*COS(Oc)
PLOT POINTS: Ox,0y
DRAW disk WITH SCALE (r)*SHIFT (x(i),y(i))
PLOT LINES: Ox,Oy;x(i),y(i)
NEXT 1

WAIT DELAY 1

FOR t=0 TO tm STEP dt
SET COLORO0
SET LINE COLOR 0
FORi=1TOn
DRAW disk WITH SCALE (r)*SHIFT (x(i),y(i))
PLOT LINES: Ox,0y;x(i),y(i)
NEXT 1

SET COLOR'1
SET LINE COLOR 1

FORi=1TOn
LET c(i)=c(1)*P1/180

LET A(1)=W(i)*dt

LET B(i)=-(g*SIN(c(1))/L(1))*dt
LET c(i)=c(i)+A()

LET w(i)=w(i)+B(1)

LET c(1)=180%*c(i)/PI

LET x(i)=L({1)*SIN(c(i))

LET y(i)=Oy-L(1)*COS(c(i))

DRAW disk WITH SCALE (r)*SHIFT (x(i),y(i))
PLOT LINES: OX,Oy;X(i),y(i)

NEXT I

16



I WAIT DELAY 0.0002
IF MOD(t*10,500)=0 THEN
LET dcount=dcount+1
GSAVE "E:¥TEMP¥tri" & USING$("%%%%%",dcount) & ".GIF"
END IF
NEXT t
END

7uro52 (Ro12Moss
THORDEZIZH L DT, BOIRY) T2 o KA EERZ T CHE 2L LHIc 7w
TILINT WD,

OPTION ANGLE RADIANS

IOPEN #1:NAME "E:¥10BASIC 7' 1 7" 7 L ¥R Y T¥temp¥DATA.CSV", RECTYPE
INTERNAL
IERASE #1

WAIT DELAY 1
DIM A(20), B(20), C(20), W(20), L(20),X(20),Y(20)

R i —

LET n=2 | iR Y 7 D%k

RO NDE =1
LET dL=5
LET L(1)=35
LET L(2)=L(1)

LET Oc=20*PI/180 ! ¥l
LET tm=500 Yz b 7 DK
LET dt=0.007 & b T-D#f &
LET r=0.7 | IR Y D IR0 1%

LET g=9.8 | E 1

LET k=0.0001 ! -k D13 E K

17



S L

SET WINDOW -42,42,-14,70
I DRAW grid

LET Ox1=0

LET Oy1=30

LET dd=15

LET dd0o=5 !fHk3

LET fx0=0x1

LET fy0=Oy1+dd

LET fx1=0x1

LET fyl=fy0+3*dd0

LET Ox=0x1
LET Oy=0yl1

LET C(1)=0Oc
LET C(2)=ATN(dd0/(2*dd0)*SIN(Oc))
LET C(2)=0
FORi=nTO 1 STEP -1
IF i=1 THEN
SET COLOR 1
SET LINE COLOR 1
ELSE
SET COLOR i
SET LINE COLOR i
END IF

LET x(1)=L({)*SIN(C(1))

LET y(i)=Oy-L(1)*COS(C(i))

LET x(i+n)=dL*SIN(C(i))

LET y(i+n)=0y-dL*COS(C(i))

PLOT POINTS: Ox,0y

DRAW disk WITH SCALE (r)*SHIFT (x(i),y (1))
DRAW disk WITH SCALE (r)*SHIFT (x(i),fy0+i*dd0)
PLOT LINES: x(i+n),y(i+n);x(i),y (i)

18



PLOT LINES: x(i+n),fy0+i*dd0;x(i),fy0+i*dd0
NEXT 1

FOR j=n+1 TO 2*n
PLOT LINES: x(j),y(});
NEXT ]
PLOT LINES
PLOT LINES: fx0,fy0;x(3),fy0+dd0;x(4),fy0+2*dd0;fx1,fy1

PLOT LINES: x0-3,fy0;fx0+3,fy0
PLOT LINES: fx1-3,fy1;fx1+3,fyl

WAIT DELAY 1

FOR t=0 TO tm STEP dt
SET COLOR 0
SET LINE COLOR 0

FORi=1TOn
PLOT POINTS: Ox,0Oy
DRAW disk WITH SCALE (r)*SHIFT (x(i),y (1))
DRAW disk WITH SCALE (r)*SHIFT (x(i),fy0-+i*dd0)
PLOT LINES: x(i+n),y(i+n);x(1),y (i)
PLOT LINES: x(i+n),fy0+i*dd0;x(i),fy0+i*dd0
NEXT 1

FOR j=n+1 TO 2*n
PLOT LINES: x(j),y());
NEXT ]
PLOT LINES
PLOT LINES: fx0,fy0;x(3),fy0+dd0;x(4),fy0+2*dd0;fx1,fy1

FORi=n TO 1 STEP -1
IF i=1 THEN

19



SET COLOR 1

SET LINE COLOR 1
ELSE

SET COLOR i

SET LINE COLOR i
END IF

LET S=0

IF i=1 THEN LET S=C(2)

IF i=2 THEN LET S=C(1)+C(3)
IF i=3 THEN LET S=C(2)

LET A()=W(i)*dt

LET B(i)=(-g*SIN(c(i)))/L()*dt-k*(2*C(i)-S)
LET c(i)=c()+A()

LET w(i)=w(i)+B()

I'LET c(i)=180%*c(i)/PI

LET x(1)=L({1)*SIN(c(i))

LET y(i)=Oy-L(1)*COS(c(i))

LET x(i+n)=dL*SIN(C(i))

LET y(i+n)=0y-dL*COS(C(i))

PLOT POINTS: Ox,Oy

DRAW disk WITH SCALE (r)*SHIFT (x(i),y(i))
DRAW disk WITH SCALE (r)*SHIFT (x(i),fy0+i*dd0)
PLOT LINES: x(i+n),y(i+n);x(i),y (i)

PLOT LINES: x(i+n),fy0+i*dd0;x(i),fy0+i*dd0

' IFi=1 THEN WRITE #1: x(i) |7 — % DFd#x

NEXT I

FOR j=n+1 TO 2*n
PLOT LINES: x(j),y(j);
NEXT ]

PLOT LINES

PLOT LINES: fx0,fy0;x(3),fy0+dd0;x(4),fy0+2*dd0;fx1,fy1

! WAIT DELAY 0.0002
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NEXT t

ICLOSE #1
END

7ur753 (R 1 3fH0EAE
7u T L2 LEKICHMOIRY ¥ o B4R T3 L5 hoTwb, —DF DR F5 5
FZFrEL 1L L, ZOBDIEYVF2OZ T A EL 2L LTHEHAWCEEL TWw 3,

OPTION ANGLE RADIANS

! OPEN #1:NAME "C:¥Users¥ [ ffl [Efl¥Desktop¥#R ¥ T¥temp¥DATA.CSV", RECTYPE
INTERNAL
I ERASE #1

WAIT DELAY 1
DIM A(20), B(20), C(20), W(20), L(20),X(20),Y(20)

LET n=3 | ik V) + D%k

T0doRX
LET dL=5
LET L(1)=35
LET L(2)=L(1)
LET L(3)=L(1)

LET Oc=30*P1/180 ! ¥4
LET tm=500 Y& Y 7 D KFH
LET dt=0.008 l§i% » 1D X
LET r=0.7 | {R V) F DI D P-4%
LET g=9.8 | 1

LET k=0.0001 ! #5% D (X EE

SET WINDOW -42,42,-14,70
! DRAW grid
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LET Ox1=0

LET Oy1=30

LET dd=15

LET dd0=5 ![u]fE
LET fx0=0x1

LET fy0=Oyl+dd
LET fx1=0x1

LET fyl=fy0+4*dd0

LET Ox=0x1
LET Oy=0yl1

LET C(1)=0c
LET C(2)=ATN(2*dd0/(3*dd0)*SIN(Oc))
LET C(3)=ATN(dd0/(3*dd0)*SIN(Oc))

FORi=nTO 1 STEP -1

IF i=1 THEN

SET COLOR 1

SET LINE COLOR 1
ELSE

SET COLOR 1

SET LINE COLOR i
END IF

LET x(1)=L()*SIN(C(1))

LET y(i)=Oy-L(i)*COS(C(i))

LET x(i+n)=dL*SIN(C(i))

LET y(i+n)=0y-dL*COS(C())

PLOT POINTS: Ox,0y

DRAW disk WITH SCALE(r)*SHIFT (x(i),y())

DRAW disk WITH SCALE (r)*SHIFT (x(i) fy0+i*dd0)

PLOT LINES: x(i+n),y(i+n);x(i),y (i)

PLOT LINES: x(i+n),fy0+i*dd0;x(i),fy0+i*dd0
NEXT I

FOR j=n+1 TO 2*n
PLOT LINES: x(j),y(});
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NEXT J
PLOT LINES
PLOT LINES: fx0,fy0;x(4),fy0+dd0;x(5),fy0+2*dd0;x(6) fy0+3*dd0;fx1,fy1

PLOT LINES: x0-3,fy0;fx0+3,fy0
PLOT LINES: fx1-3,fy1;fx1+3 fyl

WAIT DELAY 1

FOR t=0 TO tm STEP dt
SET COLOR 0
SET LINE COLOR 0

FORi=1TOn
PLOT POINTS: Ox,0Oy
DRAW disk WITH SCALE (r)*SHIFT (x(i),y(i))
DRAW disk WITH SCALE (r)*SHIFT (x(i),fy0+i*dd0)
PLOT LINES: x(i+n),y(i+n);x(i),y (i)
PLOT LINES: x(i+n),fy0+i*dd0;x(i),fy0+i*dd0
NEXT 1

FOR j=n+1 TO 2*n
PLOT LINES: x(j),y(j);
NEXT ]
PLOT LINES
PLOT LINES: fx0,fy0;x(4),fy0+dd0;x(5),fy0+2*dd0;x(6),fy0+3*dd0;fx1,fy1

FORi=nTO 1 STEP -1

IF i=1 THEN

SET COLOR 1

SET LINE COLOR 1
ELSE

SET COLOR 1

SET LINE COLOR i
END IF
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LET S=0

IFi=1 THEN LET S= C(2)/3+2*C(3)/3
IF i=2 THEN LET S= C(1)/2+2*C(3)/2
IF i=3 THEN LET S= C(2)/3+2*C(1)/3

LET A()=W(i)*dt

LET B(i)=(-g*SIN(c(1)))/L(i)*dt-k*(2*C(i)-S)
LET c(i)=c()+A()

LET w(i)=w()+B(@)

I'LET c(i)=180*c(i)/PI

LET x(i)=L(1)*SIN(c(i))

LET y(i)=Oy-L(1)*COS(c(i))

LET x(i+n)=dL*SIN(C(i))

LET y(i+n)=0y-dL*COS(C(i))

PLOT POINTS: Ox,Oy

DRAW disk WITH SCALE (r)*SHIFT (x(i),y(i))
DRAW disk WITH SCALE (r)*SHIFT (x(i),fy0+i*dd0)
PLOT LINES: x(i+n) ,y(i+n);x(i),y(i)

PLOT LINES: x(i+n),fy0+i*dd0;x(i),fy0+i*dd0

! IF i=3 THEN WRITE #1: x(i)
NEXT 1
FOR j=n+1TO 2*n
PLOT LINES: x(j),y(j);
NEXT ]
PLOT LINES
PLOT LINES: fx0,fy0;x(4),fy0+dd0;x(5),fy0+2*dd0;x(6),fy0+3*dd0;fx1,fy1
! WAIT DELAY 0.0002

NEXT t

CLOSE #1
END
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Abstract
Study of Galois groups of equations

SHIRAGA MOMOKA

In this paper, we study nth equations with A, when n = 3,4,5. We use the free
software “SageMath”, which can compute the Galois group equations. It is generally known
that equations of degree 5 or greater do not have solution formulas, and that power roots
cannot be used to represent the solution of that type of equation. The reason for this is
that the general Galois group S,, of equations of degree 5 or higher is not a solvable
group, where S, is called the symmetry group. Among the subgroups of S,, is the
unsolvable group A, called the alternating group.

The Galois groups of most equations of degree n is S, . Therefore, it would be
difficult to study the features of equations involving S,,. However, we wondered if there
are some patterns in equations with 4,,.

In this paper, we shall proof two theorems for cubic equations with A; and two
theorems for a quadratic equation with A4 that we found, respectively. Moreover, we shall

introduce seven conjectures for quantic equations with As.
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1. i
1.1 e 7#HEm & ik

Q %D n WK

"t a1 x" Tt a, x™2+ta; =0

BEZD,QEIZ n WHRRROME x1, x5, X3 oo, Xy Z W LIZHERIAEM = Q(xq, X0, X3 00, X)) %
BRI E NS BNSFREMIZB W THEELSN O n EOMOEBR2RIL, MORBCC

ARG 25 S L, nIRITEE S, O 0EL 0D, Zha o aT#EHEs v, =
T, S, L FEBREROELEDOZLTHD, TuT7OEBLUn=2340 L X, IIHREE S,
XFFECH Y Q FRED n WERBRRUZREREH VTS Z &K D,

2 IFFER ax? + bx + ¢ = 0D AR

— b +VbZ—4ac
2a

f%é3&4&@ﬁ%ﬁ@%@ﬂfiﬁ%ﬁﬁ»ﬁ/%71?—u*;of%ﬁéhto
L2 L n = S5OREES XA ERRECIE 2V 2, — RN 5 WL ED HFRERIT R E RIS
DN EFFL N ERMbNTWS, OF D, FREANDRERIZE 6@&#0)&:?@%%0#(‘:
IMFIFTRADOT e T L > THETE D, ZOZ LT 19 ALUTT —~ L & T a7 H35E
L7,

X =

1.2 ZBFZED B ) L Ehi

AL TIE SageMathE WO 55V 7 N7 7V AW TT 0 7o I U 72170, 5%
7=, SageMath 1IREARDAFHO 2~ FEE#H LB RO H o 7 HoHE
AR L 725 TV D, HRRROBEOFMHC k% & L SageMath W7 m /7 I
TEATH &, MRt Sy b Z < RN TH D Z ENHPI LT, &HIT S, DA ORE
IO TR LM Sy DIRIZAZNEE A RSN ENTRTE I,

n WHBEROXIFEE STEBR2EDOEST S, OMNEITHES,= n!' THDH, FHEEDOIH
BEREROESOWIFHT n KZNREE A, L 700, MEITHA, =nl/2TH D, AT
i&@ﬁ_wﬂ&@%oﬁi&mi9&%@%%0@#ﬁ@tm&%zuﬁ&ﬁ&t@
ZRBECHER L CHFIE 21T 72,

2. B A2 503K FBERX x3+bx+c=0 (bceQ) DS
3WBRERDOH 1 THEL 3 RFEE Sy E 721X 3 IRASBE A3 L7025, 22T, x*+ax?+
bx +c =0 (abcEQDREZHHT D7 DDER L LTHRIADR & Y
D = —4a3c+ a’b? + 18abc — 4b3 — 27¢? (D
Thd, UTOMENMBILTND,

R 1. (cf. [2]p.26) D M FHE/ BIX3 RO Ta TRIE A&7 5,



EC, ZRBEEZ O3 RGBRAOEMIT, —o20fra b9 5 & EAHEEL QI a &
BILTTEDIERE Q@IZFEY D 2 DD a,lash Qa))DILE R D EWNH Z &
Thbd, ZTOL X A;OMNEIL3 T, Qlay) DIERREIL 3 Th D, KWFFETITAMNEE A,
ZHo 3 WX ¥ +ax+b=0 (a,b € QITOWTHEETT-T2, Z DR DH 5K
OfEIE (D)LY,

D = —4a3 — 27b?
Thd, Znzezbiix®+ax+b=0 (a,b € QDIMEIZOWCEHDOIEHEIT-72, LLF
WZHR LT 2 DOFEM & EH O 27~ 7,

2-1 3IXFBRICBETIMERRETO 1

EH 1.

23 —3hx+h=0 &5 HTRADOEET A3&725,

Z 2T, h &lE Hexnumber(1,7,19..) WO I TTFHDO X 5 2l iETTE 5
RNAFOEETH D, BINOAKNIT h=3n(n-1)+1TH 5,

Tar7 I TRERO—E

x"3 -3*x + 1 PARI group [3, 1, 1, "A3"] of degree 3
x"3 -21*x+ 7 PARI group [3, 1, 1, "A3"] of degree 3
x"3 - 57*x + 19 PARI group [3, 1, 1, "A3"] of degree 3
x"3 - 111*x + 37 PARI group [3, 1, 1, "A3"] of degree 3
x"3 - 183*x + 61 PARI group [3, 1, 1, "A3"] of degree 3

GEH) x> +ax+hb=0 (a,beQDHBIXDEIL, D=—4a®—-27b>L Y
a=-33nn—1)+1},b=3nn—1)+1D L X

HHIRX D=4-33@Bnn-1)+1}* -27Gnn - 1) + 1)? - ?6
® v @
= {3n(n — 1) + 1)2{{108 x 3n(n — 1) + 1} — 27} () ¢ 2@ 66
= 3n(n — 1) + 1}2{324n? — 324n + 81} 0 e o ®
={3n(n—1) +1}* x 92(2n — 1)? gw b ﬂ Ug
= (54n3 — 81n? + 45n — 9)? ngza
Thod, ULEOD OMTTHKERY, A1 L0 ZohERON o ®

TEIX A3 &2 D 2 L0355, (GERARKK)

k BlE LT, REDMET x3 —3x+1= 0DFEN A;THDHZEERTHRL D,
x3=3x+1=0 O—2Dff% a LT5L, KKQ@)DF T
3 -3x+1=(x-a)x—a?+2)(x+a’+a—2)
RSB TE D, LoT, fEkiE Q)i QLD 3 RIEKIETH 5, HBRROBEDOA L



3THY,ZOFEXOBEL A58 W25,

2-2 3WGERNTET HHREMERED 2

EH 2.
X3—kx+k=0 (k=n?+n+7) Vo HEXOMIT A3& 725,

Far5 L EERO—E

x"3 - 7*x + 7 PARI group [3, 1, 1, "A3"] of degree 3
x"3 - 9*x + 9 PARI group [3, 1, 1, "A3"] of degree 3
x"3 - 13*x + 13 PARI group [3, 1, 1, "A3"] of degree 3
x"3 - 19%x + 19 PARI group [3, 1, 1, "A3"] of degree 3
x"3 - 27%*x + 27 PARI group [3, 1, 1, "A3"] of degree 3

GEH) x®*+ax+b =0 (a,b € QDHHXDIEIX, D=—4a%—-27b% LV
a=—-M?*4+n+7), b=n*+n+70 L%, HHXDEFHETL L,
D=4n2+n+7)3-27n*>+n+7)2=n?+n+7)?% 4n®+n+7)— 27}
=M +n+7)2Un?+4n+ 1) ={n? +n+7)2n+ 1}?
=(2n® +3n?+15n+7)?
Lo, EX VD OMEIXEHEE D70, 1 L0 20RO e 7EIT A3 L7
DT EDBGD,

* BlE LT, REDET x3 —9x+9=00F N A3 THHILERLTAHLI D,
x3—9x+9=0 O—ODfREalT5HL, QEDIRIEREQ@)DF T
X3 -9x+9=(x—-a){x’+tax+a’?-9}=(x—-a)x—a’—a+6)(x +a’®+2a—6)
RS TE D, Ko T, EAIIBAELQ@THD. LiehoT, ZoOHEXDORIX
Az V2%, GEPIRE)

3. B A2 04 RFBER xt+ax® +d =0 (a,d € Q) DHZE
4 R FEARD T v 7 X, 4 UoATREE Sy (G235 24), 4 RASAREE Ay (F72X 12), 4 IR —if
KHE Dy (A% 8), KIERE Co(hrfk 4), WIThE Vy(MiE DWW b 7%, BERIZR
Q FRED 4 WFEX x* +bx3+cx’? +dx+e=0DHTa TEEZHBT L0 0EE
& LT Resolvent %M\ %,
AT 4 TR x*+bx3 +cx? +dx+e=0 @ ResolventDEFH %7~



4 R5BEAD Resolvent DEHE

Q %D 3 kTR
Ry(x) = x3 — cx* + (bd — 4€)x + 4ce — b*e — d?
Z 4 R HFER x* + bx3 +cx? +dx +e =0 @ Resolvent(V ' NV~JL b)) L RES,

ARFFECTIIRNEE Ay b o 4R FEX x* +ax®+d =0 (a,d € QT OVWTHFIZEEIT > T2,
ZOHFEX x* +ax®+d =0 @ ResolventDfiZ LFEDEFR LY,
Ry(x) = x® — 4dx — a’*d
ThD, BRLE2ODOEHEFEHICOWTER 34 18T, LLFOMmEE b &G 24T
Do

fiE 2. (cf. [2] p.37) Resolvent’s Q EBEXI L 7227200, BHL S, E7201F A, 8705, &6
\Z, ResolventD B DOMENRF-HE L 7257061, FRAXOTa 7L A, Th 5,

3-1 ARFERICHETIMABRZED 1

EH 3.
=83 +8%2{7+nn—-1} =0 OFET A, L7205, (niTHRE)

Far5 L EERO—E

x4 - 8%x"3 + 448 ; PARI group [12, 1, 4, "A4"] of degree 4
x™ - 8%x"3 + 576 ; PARI group [12, 1, 4, "A4"] of degree 4
x™M - 8%x"3 + 832 ; PARI group [12, 1, 4, "A4"] of degree 4
x™ - 8%x"3 + 1216 ; PARI group [12, 1, 4, "A4"] of degree 4
x4 - 8%x"3 + 1728 ; PARI group [12, 1, 4, "A4"] of degree 4

GEBH) Wolfram & FRIEN 2 FHREY — L2 W T 4 R LD Resolvent Dz KD 5 &
Ry(x) = x3 — 256{7 + n(n — 1)}x — 4096{7 + n(n — 1)}
L7p%, ZZT, ResolventhQ FEEKIE 72570 2 K0 S, F7-1% A, 8705, ZDFE
B % DL O 1 127, E£72, Resolvent DB OHIZ
D =2%02n—-1)?(n? —n+ 7)?
LT E R DD RO e TR A b0 D 2 D33 %, GEIIFK)



M1 R,(x) = x3—=256{7 + n(n — 1)}x —4096{7 + n(n — DHIFHTH 5,

GEH) T=7+nn—-1EEL &, Ry(x) =x3—256T —4096T CTH D, a,b,cx¥EH L LT,
x3—28T — 22T = (x + a)(x%? + bx + ¢)
CRBEPRTCE I EINET D, ZDL X,
a+b=0, ab + ¢ = —28T, ac = —21T
LD NED, Tk
—a? + ¢ = -28T, ac = —21T
Thb, LIENn-oT, 24 (=a?+c)=ackV, alzBi4 25 2 kAKX
2%a’ +ca—2%*%=0
215%, ZOHBIXDIX
D =c?+21%
ThO, DIFFEFETRITINERL2VWDOT, yEEEE LT
c? + 210 = y?
EETDH, LoT,
y = tve Yo+ 210
Thb, clc+ 20T ELLLEHFETRITNIERLR2NWDT, c=2z2LEL &
z% + 210 = w2
Lin, o7,
w—2)(w+2z) =210
Thbd, ZOHEROREMIT
(z,w) = (0,+32), (+24, +40), (+60, +68), (+126, +130), (+255, +257)
T T,
c = z% = 0,24?,60%,1262, 2552
B5, LEB-T,
VD = 0,960,4080, 16380, 65535
Tho, UELXD,
(a,c) = (0,0), (242, —48), (24?,10398), (602, —240), (1262,—1008),
(2552, -4080), (2552,132134880)
NEBND, ac = =21°TT, THNEK LD LD,
T=74+nn—-1)=0
DHTHDH, LrL, Nzl d BREnIIAFE LRV, GEIR)

k BlE LT, BT x* —8x3+448 = 0DFEN At D bR TH I,
x*—8x3+448=0 O—ODffra, L THLQ LD 4 RIEKIK K1 = Q(ay) £ T
x* —8x3 + 448 = (x — ay) (3 + (@7 — 8)x% + (a1? — 8ay)x + a;® — 8a?)



ERBORESND, BT
x3 + (g — 8)x? + (ay® — 8ay)x + a3 —8a? =0
Dffa, B2 D, DL, KICa,ZWM LT 3 RIERIE Ky = Kq(ay) ECTHEXOA
1,
x—a)EP+ax?+a?x+a?-8)=(x—a)x—a)(x + T+ T,)
ZZ T,

T—( SR S +1)2+(3 U 2) P +4a;, — 16
15\ T8 TN TN T ) 2 T 5% T5e%1) %2 T M TR

T—<3 A 1) 2+< S 2+1) t2a? 30, +8
2 = mal—%al ga—Z a; —%al %(Xl a, Z(Xl— aq
EREDREIIND . KIR/NIRET, Q E12%ERERD, Lizo>T, a7 D

M 12 720, ZOFRKXORHT A, &8V 25,

32 4 RFGENITET HMERERETD 2

EH 4.
x*—8x3+2:-831+12(n—-1)+4n—-1)n—-2)} = 0DFHL A, L7025,

Far5 L EERO—E

x4 - 8%x73 + 1728 ; PARI group [12, 1, 4, "A4"] of degree 4
x4 - 8%x"3 + 2032 ; PARI group [12, 1, 4, "A4"] of degree 4
x4 - 8%x"3 + 2368 ; PARI group [12, 1, 4, "A4"] of degree 4
x4 - 8%x"3 + 2736 ; PARI group [12, 1, 4, "A4"] of degree 4
x4 - 8%x"3 + 3136 ; PARI group [12, 1, 4, "A4"] of degree 4

FED)
Wolfram % FHVNT 4 G FRIND Resolvent DfEZ K sd % &
R,(x) = x3 — 64{31 + 12(n — 1) + 4(n — 1)(n — 2)}x — 4096{31 + 12(n — 1) + 4(n — 1)(n — 2)}
L 725, ZZ TResolvent?s Q ERERIE 72572 S, E721% AL 70D, ZOFEHZAME 212
R, F72, Resolvent DH|HIXDE I
D = {211n%(4n? + 27)}?
EVFEE DI FRAROTaTHIT A, LD 2 RNy nD,

M 2. R,()=x-64{31+12(n—-1)+4(n—1)(n— 2)}x — 4096{31 + 12(n — 1) + 4(n —
Dn-2)} TN TH S,

GE) T=31+12(n—-1)+4(n—-1)(n-2)&EL &, Ry(x) = x> — 64T —4096T Th 5,



ab,cEFEH L LT
x3 — 20T — 22T = (x + a)(x% + bx + ¢)
R CETEIRET D, DL E
a+b=0, ab + ¢ = —2°T, ac = —212T
DD LD, Tk
—a?+c¢=-2°T, ac = —212T
Thb, LIEN-oT, 20(=a?+c)=ackV, alzBi4 5 2 kAKX
2%a% + ca—2%c=0

#1535, ZOHBIXDIX

D =c?+2%c
THY, DITFEHETRINIRLRNDT, (a,b, cZEETHIUL a 2NHEEE O RRHBIAT
By RS LT

c? +2Mc = y?
EETDH, LoT,

y=tve ot 21t

Thb, clc+2MIELLLEHFETRITNIER L2V DT, c=2z2LEL &

z? 4+ 21 = w?
Lin, o7,

w—2z)(w+2z)=21"
Thbd, ZOHERXOEEMMIX
(z,w) = (0,£128), (£240,£272), (+504, +£520), (+1020, £1028),
(£2046, £2050), (4095, +4097)
Lo T,
c = z? = 0,240%,5042,10202, 20462, 40952
B5, LA,
VD = 0,65280, 262080, 1048560, 4194300, 16777215
Tohd, kXD,
(a,¢) = (0,0), (—960,2402), (60,2402), (—4032,5042), (63, 5042),
(—=16320,1020%), (—65472,20462), (—262080,40952)
BEONDS, ac= —2R2TT, THEEHE LD D DI,
T=31412n—-1)+4n—-1)(n—-2)=0
DHTHDH, LnL, ThiEilizd BREnIIFELRY,
(FERA#%)

PLEX Y, Resolvent?s Q EBEKI & 725 Z EMNFEICTE 72,



k BlE LT, RNEDET x*—8x3+1728=0 OB A, L7252 L2 R THE D,
Xt —8x3+1728=0 O —oDfEa LT 5E, QiayZ WM L7z 4 KIERE K, =
Q(ap kT
x*—8x3+1728 = (x — a){x® + (a1 — 8)x? + (@12 — 8ap)x+a;® — 8ay?}
ERBG RIS, BT,
x3 4+ (a7 —8)x% + (12 — 8ap)x+a;® — 8ay?
Dffta, B 25, ZDEE, Klla, i L7z 3IRIERIRK, = Ki(ay) L THEXROH
I,
(x —ap){x® + (a; — 8)x%? + (a2 — 8ap)x+a;® — 8a;?}
=@ —ap)x—a))(x+T)(x +Ty)
Z 2T,
1 8 16

1 3 1 2 1 1 2 1 3 2 4 2
T1=(‘—5184“1 toag ™ T M +%)“2 + (@“1 +“1+§)“2 BET R Y

1 1 1 1 1 5 1 1 8
— - 3 __ = .2 _ 2 o 3 __= .2 - _ 2 - _
T2_+(5184"(1 648 1 +36)“2+( 648 1 6480(1+9)"(2 HET L Gl
ERBREEI NG, K3/ NIRRT, Q E12WkERERD, LiZR->T, HaT O
NEIX 12 720, ZoFRROBIT A, 2025,

4. B AsZd o5 XRMAMOHEL T

BERI72 Q BRELD SRR x5 +ax* + bx® +cx? +dx+e=0 OF 2 TREGIINE 120
D5 WXHFEE Ss F 72 1INEL 60 D 5 RAAEE Ag, (3820 D7 m =17 ZAFE, 10 &k 1 KRE
Dio, S KKRIFE CsTHD, ZNHORED I BT _X=7 AREE 10 R HKEE Dy, 5 KK
ERE CIIWTNL A CTHD, Lo TINLOREREL R E 2 5 RAGBERII~NE
WCHE ZENRTE D, —J7. XFRlE Ss & RZMBE AsILATRIE ClI 22wy, #%%a,b,c,d, eD
A E L CRREE AsZ b0 5 WTRAOIFREIT o7z, BIRER TORE Asx b oA
DT OOTEEEH 1~T IR T,

UTOmELH LI U CEERAAZIT Y,
fniE 3. (cf. [2] p.49)

5 WHEADHBIXDMHEIN S X, As, Dy Zs L HHITE S, Z 2 THEAD
Resolvent( f, ()RR ZFFIZ 720U, a7 BT AsTHDH 2 EDFREHTE %,



41  f(x)D 6 XResolvent f,, (x)

f%E Q FRED 5T D, ZLT xq, x5,x3, X4 x5 %

f(x) = x5_ S]_x4+ 52x3 - ngz + 54_ X _SS
DIRETH, ZIT, 51520 HANHATH D, BIT,
Fpo = {o,t]0° = t*= idjot= 10%} c Ss

(3, (20 D7 rN=UZAFET, £OEMILEe=(12345) L 1=02354)LTE%,
I T,
=0, =x2(xx5 + x3%4) + x32(x3%; + x4%5) + x5( x4, + x5%1) + %2 (X523 + X1 %3) +
X3 (%14 + X3X3)
EHEZDE, 0 D Sg OFRKREBOERITF 0D, EHIC
6, = 6, 6, =(123)0,, 65 =(132)6,, 6, = (12)6,, 65 = (23)0,, 6, = (13)6,
L, £LT
fao(¥) = (x =6, )(x— 6)(x — 03)(x —6,)(x —65)(x — 65)
ET 5, fL0(0)IEf () D 6 kResolvent & FEEIN S,

f20(O)DEREUL %1, x5, %3, X4 Xs DRFRAEL IR DT 51, 55,83, 84, SsDAMATHH D, £
LT, U REND,

ML, Q %D b RITERX f) =0 BN_REMTHITI D &L, fro)DNAHFHAR 2 Fr
DZELIIFMETH B,

AR, Thbb A=[lig(x - x) &L, ZTLTC, D=242LF2, ZIZTxlifD
RTHY, DIZfDHHIXEMFHIND, DIZOWVWTETANZ D,

B2 De Q ThHIELfDENZs, Dig, ET-IFAONT NN ERAITH S Z &
ZEMETH 5,
fX)=x, + ap_x™1 + - + a;x + ag

ET5H, ZIZT, a 1 3EEETDH, UTomBETL ML TWS,
ME 3. ™RfDIRTHDLZ L L, rlay THDLZ EIFFETH D,
ME 4. o) IFBEREZ LD, VDR THD Z L1E, fODOBENRZ E1ED, L 8D

LNERBTHLZ L EFETH D,
GERD) M8 1, mE2, ME3 LVELND,



42 SWFBRNICET S 7 20T

TiE1
x> —5nx*+5 <205 = 0DREIT AL 7D, (n OEIZHERE

Tur g I TERO
x"5 - 5*x74 + 320 ; PARI group [60, 1, 4, "A5"] of degree 5
x5 - 10%x74 + 10240 ; PARI group [60, 1, 4, "A5"] of degree 5
x"5 - 15%x74 + 77760 ; PARI group [60, 1, 4, "A5"] of degree 5
xX"5 - 20%x7 + 327680 ; PARI group [60, 1, 4, "A5"] of degree 5
x5 - 25%x" + 1000000 ; PARI group [60, 1, 4, "AS5"] of degree 5

GEB DA
HIRFOMEIX D = (2560000n°)? TY L L b 7-0mBE 3 LV, As, Diy Zs&
T& b, ZZTZOHERXD Resolventz:RKeb 5,
5 xS +axt*+b=0 % x=x’—% LiEL &
x5_2_c12x3+4_a3x2_3_a4x+4_as+b=0
5 25 125 3125
&b,

fx) = x°>+px3+qx?+rx+s DResolventld,

f20(x) = x® + 8rx5 + (2pq? — 6p?r + 40r? — 50qs)x*
+ (—2q* + 21pq®r — 40p?r? + 160r3 — 15p%qs — 400qrs + 125ps?)x3
+(p%q* — 6p3q*r — 8q*r + Ip*r? + 76pq?r? — 136p?r3 + 400r* — 50pq3s + 90p?qrs
— 1400qr?s + 625q%s? + 500prs?)x?
+(—2pq® + 19p%q*r — 51p3q?r? + 3q*r? + 32p*r3 + 76pq?r3 — 256p?r* + 512r°
—31p3q3s — 58¢°s + 117p*qrs + 105pq°3rs + 260p?qr?s — 2400qr3s
— 108p°s? — 325p?q?s? + 525p3rs? + 2750q%*rs? — 500pr?s? + 625pqs>
—31255%)x + (q® — 13pq°r + p°q?r? + 65p2q*r? — 4pSr3 — 128p3q?r3
+ 17¢*r3 + 48p*r* — 16pq?r* — 192p?r5 + 2561° — 4p°q3s — 12p?q°s
+ 18p°qrs + 12p3q3rs — 124q5rs + 196p*qr?s + 590pq3r?s — 160p?qr3s
—1600gr*s — 27p’s? — 150p*q?s? — 125pq*s? — 99p°rs? — 725p?q?rs?
+1200p3r?s? + 3250q%r%s? — 2000pr3s? — 1250pqrs3 + 3125p?s*
—9375rs%)

THb, LoTHERITEX x5+ ax* +b = 0DResolvent !,

10



Gy = go L 2A0T 1600 A soa (b e 22 ’
fa0 () = X0 = e+ (g = 8a° (b + 3o + (=50a% (b + 1oc
4a 4a 4a
. 144a’ <b + 3125) 32a12)x3 . (104a (b + 3125) ) 64al (b + 3125)
125 15625 5 625
S (312500 + %yt — 40a5(b +
18828125)% T (7312506 + 350" — 40> (b + 370)
4a5 4q5
_ 3104a°(b + 3125)2 37248a'5(b + 3175 _ 102656a2° .
3125 9765625 30517578125
4q5
4a5 48a )3 7136a )2
+725a4(b+ )4_ 125 3125
3125 25 390625
5
63232a'’(b + 3%5) , 150784
1220703125 3814697265625

Thb, a=-5n,b=320n°D & &
f0(x) = x® — 120n*x> + 326000n8x* — 153760000n2x3 + 34050400000n6x?
— 28221459200000n2%x + 4647987264000000n%*
foo(x) = OSSR 2 FE =72 7 HUiE, x5 — 5nx* +320n° =0 OHu THETA CTHDH Z &

DREATE D,

v

&
G
DN

x® +5nx* + 64n® = 0O AL 72D, (n OfEIZHELRE

a7 IV IR0
x*5 + 5%x + 64 ; PARI group [60, 1, 4, "A5"] of degree 5
x5 + 10*x74 + 2048 ; PARI group [60, 1, 4, "A5"] of degree 5
X5 + 15%x74 + 15552 ; PARI group [60, 1, 4, "AS"] of degree 5
x*5 + 20*x74 + 65536 ; PARI group [60, 1, 4, "A5"] of degree 5
x*5 + 25*x74 + 200000 ; PARI group [60, 1, 4, "AS5"] of degree 5

GIERA D7)
FIRIAOMEIL D = (512000n'0)? TYHE L D783 LV, As, Dyo, Zs & HIHIT
5o 2)X 0, a=5n b=64n"D L X

foo(x) = x6 — 120n*x5 — 58000n8x* — 160000n2x3 + 1180000000n°x?

—143379200000n%°x + 8960064000000n2*
foo(x) = OB A2 Fp =721 UE, x® +5nx* + 64n° =0 OAT e THEITA THDHZ &

REATE 5,

Pz

11



&
5
[PV}

x5 4+ 5nxt 42611205 = 00FEIE A& 2%, (n DI HA

30

a5 I TR0 —E
xN5 + 5%x7 + 7744 ; PARI group [60, 1, 4, "AS5"] of degree 5
xN5 + 10*x74 + 247808 ; PARI group [60, 1, 4, "AS5"] of degree 5
x5+ 15%x" + 1881792 ; PARI group [60, 1, 4, "A5"] of degree 5
xN5 +20*x"4 + 7929856 ; PARI group [60, 1, 4, "AS5"] of degree 5
XN5 + 25%x7M + 24200000 ; PARI group [60, 1, 4, "A5"] of degree 5
GEFH DA
HIRFOMEIZ D = (3407360000 n'0)? TEHE LR LH72mE3 KLY, As, Dy Zs&
HHITE D,
)XY, a=5nb=64n°D L x
fo0(x) = x® —120n*x> — 7738000n8x* — 74342560000n2x3 + 19471516000000n°x?
—11320539017235200000n2%x + 1631225950238784000000n2*
L2 D, foo(x) = ODNEEERMR 2 Fi7- 7 UlE, x5 4+ 5nx* +26-112n° = 00 W v 7 REE
AsTHDH Z EMFEATE %,

T84
x> —3-52n2x3 +3%.53n% = 0DHEIT At 725, (n DOEITHKRE

PAEY AR ki
x5 + 75%x73 + 10125 ; PARI group [60, 1, 4, "A5"] of degree 5
x5 + 300*x”3 + 324000 ; PARI group [60, 1, 4, "A5"] of degree 5
x"5 + 675%x73 + 2460375 ; PARI group [60, 1, 4, "AS5"] of degree 5
x5 + 1200*x"3 + 10368000 ; PARI group [60, 1, 4, "A5"] of degree 5
x5 + 1875*%x"3 + 31640625 ; PARI group [60, 1, 4, "A5"] of degree 5

GE D)

HRFOMEIX D = (2562890625 n'0)2 TH L L e b l-HfmB 3 LV, As, Dyy Zs&
HHITE D,

x> +ax3+b=0 O Resolvent IZ,

fo0(x) = x® + 125ab%x3 — (108a°h? + 3125b*)x — 27a’b? + 3125a%b* - - - (3)
LA, a=-75n%b =10125nD & X
fro0(x) = f =x%—-961083984375n%x3 — 6568408355712890625n2°x
+ 221683782005310058593750n%*
foo(x) = OSSR & Fi 7= 72 1 AU, x5 —3-52n2x3 4+ 3% - 53n° = 00 W a1 7 #EIZAs TH

12



5 ENFEHTE B,
F85
k=-n?+31n—-290 & X,
x> —75kx® +3%-5% 13k2 =0 ORI At 72D,

PAEY AR ki
x5 - 75%x3 + 131625 ; PARI group [60, 1, 4, "AS5"] of degree 5
N5 - 2175%x"3 + 110696625 ; PARI group [60, 1, 4, "A5"] of degree 5
X5 - 4125%x"3 + 398165625 ; PARI group [60, 1, 4, "AS"] of degree 5
x5 - 5925*x"3 + 821471625 ; PARI group [60, 1, 4, "AS5"] of degree 5
N5 - 7575%x"3 + 1342706625 ; PARI group [60, 1, 4, "A5"] of degree 5

GIERA D3 22)
ZoHFEXOHFIXOMIZ D ={33317578125 (=31 + 2 n) (29 - 31 n + n?)*}?
T, M3 LV, EHE LBl As, Dy, Zs EHIBITE D,
(3)&V, a=-75(—n?+31n—29),b = 131625(—n? + 31n — 29)D & X
f20(x)
= x®—162423193359375(—n? + 31n — 29)3x3
+ (4440244048461914062500(—n? + 31n — 29)7
—938001555237579345703125(—n? + 31n — 29))x
+ 6244093193149566650390625(—n? + 31n — 29)°
+5276258748211383819580078125(—n? + 31n — 29)°
LD, fo(x) = O3NS iR A R T- 720 k= —n? +31n—290D & X,
x5 —75kx3+3%.5% 13k =0 DT EITA;TH D Z ENFEHTE 5,

F48 6
k=5n?—14n+10 (0<n<4)DL X,
x® — 25k?x?* + 75k* = 0DREIT A& 72D,

Tl 7 IV TRERO
x™5 - 25%x"2 + 75 ; PARI group [60, 1, 4, "AS"] of degree 5
x5 - 100%x”2 + 1200 ; PARI group [60, 1, 4, "AS"] of degree 5
x5 - 4225%x”2 + 2142075 ; PARI group [60, 1, 4, "AS5"] of degree 5
x5 - 28900*x"2 + 100225200 ; PARI group [60, 1, 4, "AS5"] of degree 5

GIERA D3 22)

HHIHXOfEIZ n=0D L & D =1406252%, n =1 XD = 72000000?% ,
n=2 X D =255896295890625% ,n =3 (% D = 561343304664000000%2 CF- 5L 725
T RE 3 KV, As, Dy, ZsEHIBITE D,

13



x5 + ax? + b = 0D Resolvent|%
fo0(x) = x® — 50abx* — 2a*x3 + 625a%b%x? — (58a°b + 3125b*)x + a®
ThbH, a=-25n*b=75n*D L x
fo0(x) = x® +93750n°x* — 781250n8x3 + 2197265625n2x2 + (42480468750n1*
—98876953125n1%)x + 152587890625n°
fo0(x) = O EEEfR A Fi7-72 7 U, k=5n2—-14n+10 (0<n<3) DL,
x5 —25k%2x? + 75k* = 0 DA TEETATH D Z ENFEHTE 5,

k=6n*0 L x,x5 - 5k*x + 12nk? = 0ORET AsE 72D,

Tur g I IERO
x5 - 180%x + 432 ; PARI group [60, 1, 4, "AS5"] of degree 5
x5 - 2880%x + 13824 ; PARI group [60, 1, 4, "AS"] of degree 5
x5 - 14580%x + 104976 ; PARI group [60, 1, 4, "AS"] of degree 5
x5 - 46080*x + 442368 ; PARI group [60, 1, 4, "AS5"] of degree 5
x5 - 112500*x + 1350000 ; PARI group [60, 1, 4, "A5"] of degree 5

GIERA D3 22)
HIRFOMEIX D = (7776000n°)? TY L L 2570, 3 £V, As, Dig Zs & Hhl
T&E 5,

x5 +ax+b =0 DResolvent DfEIZL,
fo0(x) = x® + 8ax® + 40a%x* + 160a3x® + 400a*x? + (512a°® — 3125bh*)x
+ (256a® — 9375ab*)
a=—180k* b =432k°D L X
fo0(x) = x® — 1440k*x5 + 1296000k8x* — 933120000k *2x3 + 419904000000k *6x?
— 205584998400000k2°x + 67480252416000000k%*
L2 D, fro(x) = OSEEERE A FFT- 72 4UIE, x5 — 180k*x + 432k° = 0D T r THEELTH D

ZLNEEHTE B,
XEH I ZBRE WTNOEHE n=10000 £ THE LKV 7222 L ZWE LT,

5. DT &

ARBFFETIE, SageMathz FVTEHEZ H 0 3,4,6 RITFEAZZ L L THIFEZ1T - T,
faRE LT, BOoOEMATEL LIEH 21T 9 Z L 23 HkT-, $7IC 5 IOFREAICES LTI

14



REeLlBoNic, SHOBEE LTULELEME L2 L7y 6 IRELED A DOHIZE
AT TNE T2, KRIC 3,46 RTHDLNT R L HBR AR OONIER L, MRz b
(ZRAEANI IR G RRAD b2tV e & B 2 T,

ZE R
(1] e 7HEwmD A =V — (19D 7 T 2 ZDDEDES 2B
https!//[www.tsuyama-ct.ac.jp/matsuda/eBooks/galois story.pdf

(2] FRAXoHa7#E (£ o B 72REHER)
https!//lwww.tsuyama-ct.ac.jp/matsuda/eBooks/galois equations.pdf

[3] SOLVING SOLVABLE QUINTICS
file:///C:/Users/Owner/Downloads/SOLVING%20SOLVABLE%20QUINTICS%20(1).pdf

15


https://www.tsuyama-ct.ac.jp/matsuda/eBooks/galois_story.pdf
https://www.tsuyama-ct.ac.jp/matsuda/eBooks/galois_equations.pdf

kA, AsZE b0 3WHRX(ER DERD LT m 7T A

with open('file.txt','w") as o:

for k in range(0,100):

for j m range(0,1):

R.<x> = PolynomialRing(QQ)
f=x"3-3*k*x+k
I=hst(factor(f))
b=[x[1] forx in 1]
s=sum(b)
1f s<2:

G=f.galois_group(pari_group=True)
u=G.order()

if 2<u<4:

o.write(str(H)+" ; "+str(G)+"n")
print(f,G)
# else:

# print(f,"=",factor(f),"no")\m
o.close

1 B A2 b o 4 RAFREX(EHE ) ERD LT 0 s T A

with open('file.txt','w') as o:
for k in range(0,100):
for j in range(0,1):
R.<x> = PolynomialRing(QQ)
f=x"4-8*x"3+276 *{7+k(k-1)}
I=list(factor(f))
b=[x[1] for x in1]
s=sum(b)
if s<2:
G=f.galois_group(pari_group=True)
u=G.order()
if 11<u<13:
o.write(str(f)+" ; "+str(G)+"\n")
print(f£,G)
# else:
# print(f,"=",factor(f),"no")\m

o.close




1k C Asz b0 b WHRN(EHO TR DERD D70 7T L

1 '

with open('file.txt','w") as o:
for k in range(0,100):
for j in range(0,1):
R.<x> = PolynomialRing(QQ)
f=x"5-5*k*x"4+320*k"5
I=list(factor(f))
b=[x[1] for x in I]
s=sum(b)
if s<2:
G=f.galois group(pari_group=True)
u=G.order()
if 59<u<61:
o.write(str(f)+" ; "+str(G)+"\n")
print(f,G)
# else:
# print(f,"="_factor(f),"no")\m

o.close

17
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EISN=R
H =R

OO, 2017 £ 1 H 19 HIiC YouTube I & 7= F)H [Reconfigurable
Materials ] (By Harvard John A. Paulson School of Engineering and Applied Sciences) T»
D, ZOBETRINGHEEKIEEEZ D DOT, KL Z OB ICARRRELARE D -
7z

WA

¥ 9. Bl [Reconfigurable Materials| O% A EE L b 0 2HEL, TN EWHIEL 72,
SHLICRTTMOMIZ T TR INLBEZEZ 2% KRB EL 72, BFL 7% 2 EEO%IH
ERED L) BHMIPATEINT 200%, X7 M ZHCTHITT 22 & 2l A7, L
72230 T, AR TIEX 7 b AT %Z T, [Reconfigurable Materials | @ % A D #
AICFEHL, 222000 0m@E%x LT, TNbZIEHLZ, £/, BH7bTHL
CAER L 2 RGEOMH7Z T TR I N2 A 2 2L HEICO T, RN Zzam@E% 5
VT, 20 ZREHL 72,

SRS

SR L 2% HAROB X 1385 o b MEIKFEL T35 2 &0 o7z, SREAL 7%
find & GeoGebra Z W CTHHKDENZ D70 7T Lflh, LHEKOLEEEZY T2l —
YavIbaIEITHEIIL 7z,

Overview

Background.

The motivation for this study was the video "Reconfigurable Materials" (By Harvard John A.
Paulson School of Engineering and Applied Sciences) posted on YouTube on January 19,
2017. The polyhedrons shown in this video are shape-changing, and we were mystified by
their movement.

Contents

First, we made the same polyhedron shown in the movie "Reconfigurable Materials" and
studied it. Then, we fabricated a shape-changing polyhedron composed of only rectangular
faces. We attempted to analyze the reasons for the deformation of the two kinds of
polyhedra we fabricated by using vector analysis. Therefore, in this study, we used vector
analysis to focus on the joints of the polyhedra of "Reconfigurable Materials," from which we
made propositions about when, and proved them. We also made five basic propositions and
proved them for our own newly created shape-changing polyhedron composed only of
rectangular faces.

Results



We found that the motion of both of the polyhedra studied here is angle-dependent. Using
the propositions we proved and GeoGebra, we programmed the movement of the polyhedra

and successfully simulated the deformation of the polyhedra.
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3.2 flIAI 72 U ASTHID CRERK E U7 PAT/NTHIRIC DU T 5
B3 TEH T DFERH .ottt ens 7
3APT D BALTHIRD Z DREDEFEL oo 7
4 N RTT AR oottt ettt ettt ae et e et e te et e eteene e 9
5 [Reconfigurable Materials | DZGTHIARIC DUNT i 9
5.1 [Reconfigurable Materials ] DZ A ..coooveveeeieieieeeeeeeeeeeeeee e 12
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T BT 2 D AU DI GE T 0 ittt 21
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1IICHIC

e, 3RILEMICE VT, ZHEIEETE 2720052 Ro0 570, —>D%
MR Z FHVTITE L T 5,

oM oEEIE, 2017 4 1 H 19 HIZ YouTube 185 & #17-Bhifl] [ Reconfigurable
Materials | (By Harvard John A. Paulson School of Engineering and Applied Sciences) T&
5, 2Ok, ZOBETHEML TSk z KB EL Thk, 2oL 2% Mk
ZICICH 7= % ik 2 GEL 72 UECh 2V BALHK LIS, ZhEZ U TOM 1,
X 2 1TRT,

"

2 v EA2LMmE



INHDODLHEDE X ICOWT, BHETH 175, B, 7 —77 - ~
7 PR E R TR T 22T L X O LA, ST, R b AENTEL
S U 722 2 7= D THIRF I TIE R 7 P VT 2 A T 2 i 72, [Reconfigurable
Materials] O%HEADOEIET 2 AR T oI, _7 P EZHWC, &I
FHLT, W 220m@EZ LT, ZNOZAAL%, 7. BR7HTH L SMERL
RO LTI EAR N el ik HO % T, ZNbXAAL 72,

2D,dD(0), LDEE

ARG cH S Zficli, BILHEBA LAV DL T3, 20 LTUT2ERT 3,
@ #5 DI, NEZ2ETLAROEEZERT 5,

@ #TEID X, D25 D oNIE BV EHY EFET,

@ LAIEMEERL, oD=UL; T3, 2L T, dD %2V v 7 ###E L 173,

FE, oD I X o T, ERIFZEML 2w, BRIZELT 5,

Fric, oD HATINIATED & &, ZD—D2DWNAIEEKRT 5585 & LT, aD@)ZH 5,
D AT X > T, TBIRDBE(LT 2720, aDO)PELTE L w) 2L 2EKT S,

<] > L

Ly 0D Ly

aD(0)

Lg
K3 0D DA X=X (D) 1ZZ&{L$ %)

X4 (DDA A=)

M3%0D ¢33 (FhbbEMTHERINEY vI/E#ETHE), LEB-THID
oD DNATH 50D0)13ZT 2, K4 1ZHE D THs (NHEZEDHETH 3),



3R THERINIER2RZ 54 HEICONT

AWFE TR, M 2 IORTRABET TR INE2 L2 24K 2 8 EL -, Z DT
D EAGHE» DRI T2 D25, ZOLHEOH X Z#ITT 57291,
DD ZIL T, 2o ZEEH L 72,

2 v BAL R

DUFAERRTH 5,

<FEH1> HoEsxsiEk (K2 oHHEIZ3ITHE, ZZTHHEL X, FTrAEED
X 2HIET 259 A — X2 EKT 3,

TFicsnwc, EH1ZIHL, x5ic, FH1 ZnkiciciiiEoR A %2R,

3.1 Vv o oDOEIX ITDO\WT

<mE3.1> YTUAR ABCD i3oD ¢33 (K5) BV THAD—ODALI =JD =
¢ACD AL X & 3 L BhLITEITICEL T 3,

M50k 5 aPfFKE L) LACD= 0 L ¥ 5, A 5
2o & X AABD & ADCA IC 35 TAD 33664,
{5 X b |AB| = [DC|. [BD| = [CA| 725 & . e
AABD=ADCA .
fit-> T, HEfA% LD TAB/CDE % B, ¢
<RERHE> 5 ALOR S LAl



3.2 I 7213 S8 D THERR & N7z FAT/NEERIC DT

<8 3.2> {EZJAE D CHERE N2 ETAEE (K 6) ETAEAICEWTAI =
ZAEF #2{tx¥<Td. 2RIcflEIDIABFE = fEoDODCGH 23K Yo, X bic
—o0D 0 = /AFF #2{tX ¥ % & ZDHG 10ic#EE7 3,

B C
[REw1] R
uft & #55%0D LT 5, | -
Pufsf ABFE & PUfJE DCGH o35\ T Haff & THH I
i D 0T, | o
AB=DC , BF=CG , FE=GH , EA=HD L
o, DB L ZDORIBFLLOT E =
HABEE = LDCGH 6 A FATILRY & 78 3 Ntk
Ik 0=/DHG »fHEoid,
<REHHHE>

<fird 3.3>ME2E D SRR I NAANEE (7)) iiowTHEX DS, ZIT, HA 4,454,
Y HiAsAgA,Ag & THIB,B,BsB, & HBsBgB,Bg & HiAsAcB,B, & HAgA,BsB, & THiA;AgB,B; & TH
AgAsBB, i3 Z NENMHID &35, ZOK, REAOAO=LA,A,A,2FLZ¢TdRER
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Abstract. The concept of this aquarium is to achieve the SDG's goals and create a foundation for
learning. The goal is to motivate students to learn through the programming experience. Utilizing
abandoned schools, which are increasing in number every year, we planned an aquarium that would
lead to an increase in the population of northern Okayama Prefecture as well as the reconstruction of
the region. The aquarium plan includes robot building, aquarium, agriculture, and water quality testing.
This project aims to collaborate with other tourist attractions in order to revitalize the entire northern
Okayama region.
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