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Abstract

In early nineteenth century, the French mathematician Galois left his extremely
valuable research results in algebra during the course of his short life. And because of
the original theory and ideas which were developed on his own, he established a
landmark in the history of mathematics.

This paper provides a view from the development context of algebra in Western
mathematics. From knowing the historical background and growth of Galois to
exploring the mathematical theory of Galois in depth, including his thinking approach,
the application of the theory, and also study deeply in ideas and cultural meanings of
Galois.

This paper is divided into five chapters. The first chapter, "Introduction,"
describes research motivation, purpose, and research methods. The second chapter,
"Galois' life context", is the study using the history of mathematical methods to
discuss in detail about the generation of predecessors footsteps in algebra, and the
understanding of Galois’ schooling process, as well as his political fanaticism life. This

chapter is chronologically presented.

The third chapter, "Discussion on Galois Theory", analyzes the association and
the overall outline in the theory from the perspective of abstract algebra. It is
supplemented by adding many examples to illustrate, including the three major
problems in ancient Greek geometry, and the issue about weather the regular n-gon

can be constructible by ruler and compasses, to apply the theory.

The fourth chapter, “The cultural significance of Galois’ thinking”, uses cultural
vision to look at Galois’ ideas, including his theoretical characteristics and ideological
spirit, as well as appreciating Galois’ thought from the perspective of mathematics
aesthetic, and extends to various fields of science, art and music, which finally
returns to the reflection of mathematics education. The fifth chapter, "Conclusion",
summed the richness of Galois’ theoretical ideas, although he starts from solving the

problem of the general equation of degree 5 by radicals.

The core of this thesis is in Chapter three and Chapter four, which expects the

new interpretation in great ideas of Galois Theory.

Key words : Galois, mathematical thingking, cultural research
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HER SR T ITR - B MR IR E R (g S ERAVEE -

3% % Mario Livio ¥ » BEREF I (EfESAEN) T 1515 2 P %E (&E L) F 208
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HIE T — L E I R WL T (A4S EH S S SR A B

174

FE7E B F6 r(Andre Dalmas) £y ({iZgE FLE ) a4 - BlacHE

e AL LR L F TR NZH A A N B L AW IRBREEN
TP E - Bl RAAURA > A MRS P 4 LR
A BPEL 2 - o (P k) HAE G RAE FHFEO R oL, o (F
36)

(&g BL G A E 220 - FEE W 1 H el SO AU - (e

WIS E o TR T TR A - 2 1k o 2R FUTES B - fthAE
TN RERY o A FEEREETRE > FORTEREZ AT R 1 - #AIEEER ey
ERE A AR T eI REI IR ? (SR H AT - i
R B HEF P TR ARIBTSE -

(—) IEFTEE

ORAE n (ESCFHEITESE - FORRAVEFIE Ry n JUEEEE > BCRE Sn > 1T
S HYTBERLIE Ry B HAET - AL S RS2 (HEMREE - RESHIH £ n
KIS 285 > Sn #A EESTHAES -

(&g FLERTFE BB IS0 B A T —fE44 By " IEMT8% ) (Normal
Subgroup)HHEEF H - BT A EEG 7 REEIEE - W5ER T EEL
fsE -

EHRTFRHETE R EnvRaE T EREaREET e
MIE > BRI E - B 6 e » e "oy REERHER > H
BRI TEE - i G {E—ITE a 723k H PHVEEITE - Efed—(E
£ BEESHERITRERIG G H —% - Llad R T R/l
% [FlkEH - Rl a 453k H EVEEITR © AREE Ha » 3% aH £
— M Ha M) - (HAR H ZIER T8 - Erl DG#E—E G focR a J&
& aH=Ha HUPRRE - BHUE LR T E R A BT -

ER—1E1E > B—EE ¢ ZVAMETRTE - —(EEEARA
TeRAI e b S5 —(ERUE G A& -75 H Ky G BV TEFH G BT -
aH THYE—(EITE ah 8L ha AR ¢ %5 H Ky G HYIEM T8 H G 24 ]
AR aH Y TR ah L8 Ha(th /g aH) N 2E—JT 2 h'a MH[F] -

EHRGHTE > HGAn{EtE - HA m iz RATEHTR
(BB R TR BN > ATl m & n BIRE - XA K H B —(E
FEE AR SR TR (EBE S H AV TR (EE— A2 (B m {#) - Ay
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LU H 89 ZERs S (EBATERE S (E &R - ABE (n+m)fE -

#EZR G AR (n+m)(E H BYZERESEEVPHE] - G A SR (n+m)
H YGRS EERTPFE > AATE H B G BV TR - i & BV =4
sefHE - HINEEEE 6> HAIERTEREfE/E ~ APEEA T E] R2EK
—E0 e 6 TRYTERA RS BERBHIRE - T EA SRS
SEERERENER T EIRE—RER S B i E B

% &

T ARFFHAL

iR i

)4

PA=JeEEEE Ss= {e,(12),(23),(13),(123),(132) ) Bl > H=
{e,(123),(132)} 2HEFEF - nlfafnfs eH=He=H > (123)H=H(123)
=H>(132H=H(132)=H: (12H=H(12)={(12),(23),(13)}"
(23)JH=H(23)={(12),(23),(13)}*(13)H=H(13)={(12),(23),(13) }
L H & Ss I —(E 1R 78 > W H Ss U /NETT R A # kR 8 H 43Rk
W e~ (123) (132)EAEHF 5 (12) ~ (23) ~ (1 3)EESH—FX -

(Z) &R

FHATILA] S REEEA n (BT > ERY—EER 785 mExE > Al
AR AR (R P SR B HOR (nem) [l - E{EFEEIR L T SN T - SEREhRE
BE G oo SRE AR IR T H(RAETEUZ 6) » SRR pos
Hy SRS —(Ef AR IR T B Ho (R ATEUE Ha) > GEAT Ry pa s e
DRSS - BOT N A > EEIH(E He= {e} o BEMAER TERBRAN
FEEAAVRAN: > n5 MRS ERIATS( Py, P2, Pi) » EEEREERIAT
FUTESF AI{E Ry REEE G HYSRIRIRRS « "OReBME S —4R1VE © 6 RIS
HRYIER ATRESE B > A BAl—ERIE k (EEHIFRY] -

{mEg FLall Lot Y - SRS GELRRE LA > ERRNEE
B3 AR AR R R - T

FACE n TUHTERE Sn > N S, PHYZT EREE BRI —F >
HA T A EIR EHA B RO BT T BERE Ry So HYZCEETRE > DL Ay

T 0 HEE A HITT R (E RS n;' & > A HAARZ Ziasi An & S

%+ MarioLivio ¥ » Bk EF (& fF> 4251 ) | 212213 -
V7% % Mario Livio ¥ » R & (&2 45%) 0 | 212-213 ¢
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In

KRIEFFEE -

B - Ss= {e,(12),(23),(13),(123),(132)}> As= {e,(123),
(132)} 72 Ss YRR IER T-8F > AaJRISB UV ERKATE 6+3=2; X A
HIRARIER T EEE (e} U%‘ﬁfﬁ'}/\ﬁ.?m 3+1=3 - L& LUl - S
HRARIER BB TH S~ As ~ (e} - HEMATHI5(2,3) -

HE—LEET S0 B 41=24 fﬁ? * 1 AasE Sa HY— (RIS TER
TEE - H AH 12T > AJRIS— AV EATE 24+12=2 5 1 A4§-E"r§
o AT {ER R TER B K= {e,(12)(34),(13)(24),(14)(23)}-

H 4 {ETE - RIS N ERAETE 12+4=3  {£ K PEE— {Iﬁj(
IERTEE H= {e, (1 2)3 4)}> HA 2{ETE » AlE=RINEKRHETZ
4:2=2; fxf% - H IR IER TR HAEE (e} RSSO ERHREA T2
2:1=2 o & Ll Sa B IER TR IEE LT Sa~ As~ K~ H {e}>
E/\ﬁ.¥§ﬂ2%(2,3,2,2) °

{nZE ELAH P S iBRE RS TR =0 - BB T oA TR AUAERE > N
HYB5T] - (EEFURE SR AR - P T EEERAE - UM EAIgRE 2
B 5T (Andre Dalmas)& ({iIZE FL{#) FERAAYECHK -

FEOMLL G 2 REF R Y A Ry £ 30 R R eh
REpH#- 1»!ﬁf£@*¢ﬁﬂ&£ﬁ%wq}%ﬁ d g e
;ﬁﬁ}ﬁ a5 R S gginens AT e - PRt i dd v e
(F 38-39

[FIRAE 2 B 5T (Andre Dalmas)ZHy ({IIZE FLE ) TafAm 5 —BacH - B2
BEam i R BB — {7y S7 > IR R B S US4 A

el TH 00— R AP AT AT L g4 F 5 A chir
oo Y E - R AREE R E ROTR Y g T hE Raa o (T
39)

{NEE FLSRFFE Se BRSO LAYRE 1 - BB RG—R (BEESH -

=+
~EE
™

RERIE Rl S > 2 750K B RATHFTERE - SUar LAl T HY AR A
TE > AR - AR ERCHE A EIOAT - By e EEER -
SRR AR TIRER - LUt —20— 0 2R Galois Bam A AL A e BN 7
IR |
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(—)ordiG

BN —EZZIH f(x) - DR CHISIRGEERE R F o AlH
fx)eFlx] R o LR A E A EUE /HZTEG - a0 Q- R~ CE5 - (fi
eI 2o~ s FREEA BZEAEG - AL - HEF] f(x) eQlx] » Bk f(x)
HIFTE (B A HEHS Q FATE -

FEWHE n ZOTRER f(x) =0 HYFT A fE %\251$~%@$%E@I1’|5 °
f(x)eFIx] » H f(x)=0 FIFTARE R x1 ~ %2~ .. R AT A — {18 B =P
HIRG Ry FXa, %) B2 RS F &5 5 f(x)=0 Eﬁﬁﬁ%@ﬁﬁﬁ% R CHYHTES
i H BB E F AL { X Xn | BVERZINEG » RF F (X000 %) B8 Ry FOOE F_EHY 3
B8 (Splitting Field of f(x) over F) e

EAEHTEG F(X, X 2 —(EHG > SR f)RRHTEG Fxa,.... %) EFY
25T » (%) AT B il — AV TR » BT f(x) = k(x—X1) (X—X2)...(x —Xq)
Hrft ke F cF(xq,.,xa) o HELERL » FOVERTHG F(xo,...,x0) B2 IR B 12
fRBAZAC -

A EHT G Z A ATRESRIE ? SefERII— (BT RERL - FHoef > 455
F FlofiERiavEs Fla)528% F i s aef » 728G F_ BN L(I%J@E?a

FTHERERE B ERTRAL Flo)= (3 | ) » R()eFI » fola)#0 ) -

REEHE > & f(X) =0 BNATERE R X1 ~ X2~ ..~ xa B > f(X)TE F _LAYr3dEs
F(X1,..Xn) = F(X1,+..,Xn-1) (Xn) = F(X1,+..,Xn-2) (Xn-1) (Xn) = ... = F(X1)(X2)...(Xn) ©

S AR B ARy 2 T AT 7y 2408 - G140 fix) =x* —2eQ[x] -
f(x) =0 Y RA (EAER x=V2~ —V2 Rl f()7E Q LAY/ 2408 5 W2, —V2)
SN2 BVMNGER T —V2EARAE QWV2)H - RISy SRS T

Bk QU2) » BN R R T Kb mnp-qeQs f

p+qVv2#0 - HE I QW2)HE—ETE T A LEE S R B RS
a+byv2 > Hia~beQ- B fX){E Q FAY5EEE R Q(V2,—V2)=Q(\?2)

_ {m+n\/§ ‘

Ve n~p-qeQ Hp+qV220} = {a+bv2 |a~beq)

FEE—F] > g(x)=x"+1=(x+1)(x*—x+1) €Qlx] > g(x)=0 Ky =1{Ffi#

1+v/3i  1—+3i
o2 7 2

2 ox=—1- 50 g g)fE Q FrZEE o(—1

):

1+\/—1 1\/—1 Q(\/_)— m+n\/_1‘

- e p~qeQ’ H p+agV3iz0)

= {a+bV3i|a-beqQ}-
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BL bR EFF 5 fix)eQix] & Q | #YBE 4 % 3E 2 (Irreducible
Polynomial) : ifij g(x) €QIx] AT S Bs(x + 1)F1(x* —x+ 1)AYZRRE - FrLl g(x)
FiE Q _FAYEELYSIESR - R AT Galois B - FRFTEIRIA L2 IE
7 o 5 REMR T —(E B4 2 TEE AT S 248 > FRE 2 S TER A 2L
BT A REE - 120 h(x) =ha(x)ha(x) eQlx] > EH ha(x) ~ ha(x) B Q YRR
A > ERFISE] hox) eQIXIAY ST 2488 B Q(aw,...,0m) > ha(x) €QIXIHY
Sy S8 By Q(By,e..,Bn) * BII h(x) € QIXIAT ST ZLBE R Q(0t,een, Oy BryeeBn) T

() Ay

ETfe F o MESNMOT R DA RS £ sl —(ERaaviERE
PLE/F B > IEIFHFE E B F AYPERERS (Extension field of F) » ] F & /% E
{9 {E T4t (subfield) - {140 ¢/R - R/Q- Q(Y2)/Q - a(¥Z, 22/ - amy/a
S RRHIHERE « RIIL » 35 f(x) eF[XITE F LAY 34882 E - R E/F 2 —({F
HEH IR -

EAERS F EIERE—TTZolfs - % Fa)/F B EERE - 1R 2K
& 7712V - HiEET XA GEEN F Alaz F_ERVAREDT
T Fo)/F EEREIER B > 7§ Fla)/F 2 EEEIER -

i > BEAEIRE SRR SE 2 HUA NG ERVERE - B4 2ni 7£
HEEER FRAEOT  H 2ni (FAHEEE Q FAIEBEET |

BT 2055 Galois ¥5g » WMFLAFRERIH » TR LUIIERETTHY
Ao AT 5 o T IR BT h RS R R DREE -

R EE T o EFTAEHA o T TZE AR E] - BT RS
> FRERSEERE - ERNIERE T > WEAFEEOERE - 558 £ B
F VIR ASES > 2 E/F > E TR A —EfA F Liy S22 HEE
DUCE:F) Fom o WHR (E:F) <eo» 1@ E/F ZHMRNEIER » EFE
E/K H K/FEF > BBO{SE] (E:F) = [E: K] [K:F) Y% -

Mok F EAIAETT » B Fa)/F B EERAREHRRE » FIXIHE—1F
— (B e R IR0 AR BB I RELY 2T - 38k mix)e FIX] > BRVEIH
BEE 10 H m(x)=0 2 LaBRAVRARRITIEZ - AT mx) Fy o 7E
F_EAYE/ NZIES (the minimum polynomial) = JFER% » /NS TER AT
#hno QA {Lo,ol,.., o™} BB Fo)fE F R RSN 40K 8%
JEYENE [(F(a) @ F) =deg(m(x)=n(Blaft F _EAYE/NSTEAATREL) -

S W E BRG] - Fl20 C=R(i))= {a+bi|a~beR}> HifE
TS R FUER/NSIEUE 1 AL {1, 1) /2 CHfRA R L & 2=
f—HHASE > (C 1 R) =deg(x’+1)=2+ XA Q(V2)= (a+bV2+c/4 |
a~b ce Q) HV2fFEHEE o FNE/NSERE -2 HIt

{1, V2, V4} & a2)ifirt Q LRy E&Zeiny—4HEE - (Q(V2) 1 Q)
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=deg(x*—2)=3 -

T
B
C/R T EERE
B EREROHT - o=—22 ik QY20 Q)

g ? ARy x*+x+1=0 Ay—{HEfF - cozz Q(¥2) BN TER R
x*+x+1 0 Hf [Q(V_m) Q) = (Q¥2,0): Q¥2)) x [(Q(¥2): Q] =
2x3=6-H {1, 3¥2, V4,0, V2o, Vo) T1fFRE QY20 Q
YA %ﬁm—@ﬁf

FE ok F ERBROT > B Fla)/F BEBEEER - 1, o, o ..
BS BT WNE (M EEE > {1, 0, ..., o" | EBAT{ERy F(a)ffild
F EAVA S22 RN —3453 > BTLL (Fla) @ F) =eo o fl#lnE Q £y
FEEOT > Hl (Q(m) 1 Q) =oo o

i (R:Q)> 48R R PR 2 EMmEEE (V2 ~ V3~ V5~ . 5
HEhkE) - ALZE Q ENRErT - AiE Q LaviEioT 1%% R
s Q LA HOTE A IR (E - Bt Radmir > Hit (R: Q) =

[6]%1] Galois B ERZTHY ERE - WVEMRE 52 AT A R AR A3

D ARG RIS ETARRN TIERT 0 EREA TGRS EGERT B8
ﬁ%f/[éﬁf W72 2 B —BAUREE WA RE - DU SIS = (AR FER
HY

Bl f(x)=x"—x"+1 eQx]’ [ f(x)=(x*+2x*+1)—3x*=(x*+1)*— (v3x)?

—(C+VBx+1) (C—V3x+1) 0 15 fx)=0 KRR x—=—05 | B,

2 2

Rt e Q sy R Qo 2 B B a3, ;

2 2
HEF (QW3,) Q) = [QW3,):aW3))[aW3): Q) =2x2=4"
{1, V3 ,i, V3i} A/{ERHEEZEREI—HEE -
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¥
N
+lr

B2 = p BB f(x)=x"—1eQ[x] > fx)=0fEE 1, ®, ©*,.., ">

2mi

0= eT:cos%ﬂ—Hsin%1T NIt fx)fFE Q FERy3eE A

H

_E..

Ql, ®, & ,., o®)=Q(0); YojE x* *+x" 2 +.+x+1=0" H
XP xR b x 12 QX P HIBRSY S TER FiblofE Q BRI
TERE X x4 x 10 HEF (Qe) t Q) =p—1-
FIAEEREA © 5 neN> (A X"=1 ER 1, o , o ,., o™ (HFf
o=en =cosZ+isinZ) s Bl X'=a (Hh a>O)IEEAYE , Vo,
Vao’, .., Vao™ < Fibl > & a>0 > g(x)=x"—aecQ[x] * g(x)=0 1

2mi

ﬁﬁﬁ@ﬁ/;% X:% , IVa_m, %(,02, ’T\lfacon—l , ;E\:E[ZI o= en —

2T . . 2T
cosS—-+isin— ¢
n n

B3 flx)=x"—2 €Qlx] ° f(x) =x’—2=0 WfiEE x=32, V20 , V2o’ ,

2T

20* , V2o Hif o=es —cos—+lsm—’E[Jf(X)Yj‘:QLEI%:}%LJ
gaoe V2, Vo, V20* , Y20° , Y20")=QV2, o) IL:HE
(¥, 0) Q) = [Q¥2, 0) : Q) ) [Q®) 1 Q) =5x4=20° (K
By 5 REE - B 2 A1 x - C +xP+x+1 Boff Q _EAYR/NSIER, -
A[FF [Qw) * Q) =4 HIEER <)

H Yio
W@'z ‘0;.
S
v
,/ 0;)3
V2o’ &
* Y20t
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(Z)EMERE

BEAERE R TAT/\FT ~ AR E - (275 —TERS AR CERs ik -
KrefE Ry T IEARYERE | (Normal Extention) » T {EMESEE /L > B
Rl RIS -

Frss E/F By IEARERE (5Tm E By F AV IEAIEERS)  Bf 1 % & E/F &
- BROREBFE > Ee FIX]P L FEN f(x)0 T & f(x)=0 & E
¢ f - R RIHATF RN E G E ¢ 45 3] o EEH E/F AR > €
BIEE FIXI P A AV ERLYZTE S f(x) > B — (B ARERE > 5E2 © 35 £ %
4 f(x) =0 Ay b —{Elfi% > E RBEULA THIFTER - (BERS )

A B AERE > /A1 ¢/Q ~ C/R FEIEMRIER - (B R/Q SEAEIE
FREERE T BI40 f(x) =x> — 2 eQIx] BRI ZIER  H f(x) =0 ffil By x =32+
V2w~ V20? > Hifo’+ o+ 1=0- E={@f#E - V24 R A Y20 »
V202 41IR1E R N » [RIE R/Q SEA 2 IEM R

C

‘JLH;
e | R

FRLR

)

Y E/F IVIERAES 2 AIRIF(EN (E: F) <o) E ZHZETIDIFRHL F
BB — T AT A RAES - B4 E=Q(V5, V7)=Q(V5+VT7)% - & E/F B
IEHERES > E Ve BT EE F LiVs/ N EIEA > HETA R gE
FEREF APl 2 EF 53 VAR RBEF > 3 hacE> # 8 E
=F(o) > i&PFiE » E ot FFehg ] 53558 e 8 |

[EAER - %5 f(x)eF[x] » B E B f)IE F ERY3RES - AlE RNMEZF
MRS E B2 F iVIEAIERES - Rt > 2 E & Fx]® % - B %58 5"
s BIRE 0 R E/F 2 T 8 0 RGFE -

G BB T f(x) =x>—2 eQlx]» H.f(x) =0 1fi# B x=32 32w ~
V20?(Ho’+o+1=0)» X QV2, o)k fE Q EHy5r2Es - |
Q(¥2, )/Q tiE—E IR -

Y QV2)/a fil Qlo)/a & BIEREREE ? t#Z aV2)=
{a+bV2+c¥4|a b c e Q) BHE flx)=0H—{EEYV2 - EFE
S EINIEREY 20 ~ V20? - FHEE Q(¥2)/Q REIERERE - 5—J76E -
Hito ~ o 2H 7R gx)=x"+x+1=0 WM {EFE > Qo)=
{atbo+tco’|a~b ceQ} =Qo, o) TEgx{EQ FHy53a
Al Q(o)/Q & —(E kR -
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Q(¥Vz, @)

oy |5 ow

TR LX)

FEEIT - EEEE—EME a2, 0)/Q¥2)F1 QV2, 0)/Q(e)E
TR IFRERIE ? BEEEEEN - FE QV2, o)lEZAR fix) QX532
B MBS Q(V2, o)it—EE f(x) eQ(V2) XI5 ZEE - V2, o)
H—E 5 f(x) € Qo) [XIAY 2T U8 o (AP 23 f(x) AU AU AEE Q Ay TR

FEAHTEE Q(V2)5 Q)T | )R - FFEE—(E455% © £ E/F 5 &
HFE M EANEJcF 2 el > Pl E/M & £0 R4 E - (e M/F 4r
7 - AT RFE )

¥z, @)
h-) h)

odm [P Qo

T LA “\\ %ﬂ.

Q

('4) Galois Ef
TEENEE FLERRAVERAE > fe LU =36 73 25 Galois £ -

1. %3 E + 70 Galois ¥

HNAIRGEEREIERE E/F > BE E LAY—(EHFERoc - E->E- IFH
RECTE F I Ry EILE (Hlo(a)=a » VaeF) » Bl E AYJEfGH —PRAIER
R F 2 B AIENRY - A o B85 E B F-HI[ERE < SR ATA EE
E_EHY F-H[FEE 2 EEEEsK IR EHI &R E RS AP —(EEE
Tk EFE F MY Galois Bf » 528 Gal(E/F) - B[ Gal(E/F)= {o : EE &

E FAYAE[ERE | o(a)=a > VaeF} -

REAEH O] DUEH © Gal(E/F)& E _EHYHE [EREEE(ED Aut(E))HYT-8BF -
A E/F ReAIRGEERVASTERE - Al E/F TIDIRECHEER - T E Z/HR F
AR ZERD FrA E LY F-E [ERE SR BN Sl i —4H B A (E L -
Rt | Gal(E/F) | < (E:F)o '8

Y% | Gal(E/F) | 45 Gal(E/F)eh~ % B #c > 45 Gal(E/F)# < T 14 (order) °
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40 Gal(C/R)= { W EFMLET, FLHEHLET ) - HRZ C=R(i) » #HL
oe GallC/R) » i (o(i) ] *=o(i®)=0o(—1)= —1eR > oli) B ¥*=—1 &
X +1=0 fi# > A5 o(i)=+i - It Va+bieC 1F Gal(C/R)F &0 Ko,
FAERRLES > Htfoy(a+bi)=a+bi > oy(a+bi)=a—bi - iZ WTEILETEEE
s C FEER BRSNS EEEE R LAYt > ATl Gal(C/R)IEF 2
{572 K | Gal(C/R) | =2 H[C:R)=2"%F& | Gal(C/R) | =(C:R)«

Bl GallQ(¥V2)/Q) = (EHms ) FRE Q¥2)=

la+b¥V2+c(¥V2)* |a~ b~ ceQ} BHE aQfla FHYRETTY 26
RS 75 oeGal(Q(V2)/Q) > H1 (o(¥2) ] *=0o((¥2)’)=0c(2)=2€Q >
c(f)z%x =28’ —2=0Mf > 7115 o(V2)=32 V20 5 V20? - H
o2 Q(V2) FIE EfE ifi V20 il V22 E R AE Q¥/2)H Fible(V2) =32
S AR - BAET Q2)TAE—TTE a+bV2+c(V2)? (Hf
a~brceQ) Killolgt% 15 ol a+bV2+c(V2)*)=0(a)+o(b)s(¥2) +
o(c)(o(¥V2)’ =a+b¥V2+c(V2)” » K thowh Bk S m 5 > g
Gal(Q(¥2)/Q) HE 1 X% - W | GallQ(¥2)/Q) | =1 H (Q(¥/2): Q
=3 & | Gal(Q(\/_)/Q) | = (Q¥/2):a)- '

2. > 423\ 7 Galois #

= f(x)e F[x]52 n=x 3385 > ¥ f(x)& F_} ens 2% ¥ _E > B Gal(E/F)
i f(x)=0 & F } chGalois# o % [EXF]< oo f(x)=0d1n BfEa 3
2 Ap %P5 > Al | Gal(E/F) | = [E:F]o

ElHE - F—Hoe Gal(E/F)&iF f(x)=0 HYF—{EfFMLEF] f(x)=0
HF—{Ef# 5 B X, Xo By fX)=0 HY n {Ef# > Alo(x),..., o575
f(x)=0 HY n {EfZ( 7 AT REEH)) » H Xa,..., X FIEAE F FFRTE R YR LLRE
%= RFFE K o(X1), ..., SOG)TIZRRETL

{40 x*—ax+1=0 AYR{EER x=2+V3 ~ 2—V3 > FHa=2+3
B=2—3 QP at+p=4 K op=1ME%N » &Lola)=p  of)=o
Wi 1% > BFAER +o=4 KPa=1 - {J3ZREIL -

Rtk » F—flloe Gal(E/F) » [FEZEEF f(x)=0 HY n {EfEEAHRAYAR
TETEPIESS BTl n K52 f(x) =0 1£ F_EHY Galois £f Gal(E/F) -
FEH AT TR ISR R T TR E BV ERREE o DIT Y
BRAMEGT > HuLAERAA
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AYEEE - (&R SL LA B 1 A e e S L Y — BRSO - AT SR IESE 1 T4

Iy !
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$e i Galois & &% i R &
¥ &  #pFgusd

{inag FLE R e 2 12 (G —FEPT e 2 2RI T B2l
i N R EEE > TS ARV AT R E B AR ER R SEAY S o R
E#EE 215X (Godfrey Harold Hardy 1877-1947 4F) ¢4 & S 2R L gy Ry Al < © 85 <
WehE B A AR Y R P 0 2

AEAARHE R T TH PR ERET Galois BUEAE 2T (L H 2 E 2 i) L2 ABVRES -
BFRBHHE VSR T STEEE > DU O @ R EISEFRBEAI Y " 24508 | -

- BT

(—) oAy
{nz B =4 T AR AR RS - i T2 T A RN & 2
oS S AR ETR MR AL - BE A E AN B EMRIVETE > dlES
FEHh R LI = 2R AT ETE
Branfe A EGEE 2 X — 7 +10=0 > [NE[EAER % > g
AR —2) (¢ —5)=0 > HfiftFy x =28 —V2EV5 5 —/5 - #557 FILL
a~brc d V2 —V2 V5 —V5IF - Al a Fl b R &R
x*—2=0> f a fil b ZRE{EAEA T AEETE 0 JEOU > ¢ I d STHRR &R
% x'—5=0 1 c fll d ZEthiFER T REEE -
PR TR E SRR > AT A — (E S EEE
{e (ab), (cd), (ab)(cd)}  E{E¥MEEEFITE(ER)ETEER)NHEE
AR "AREERE ) FHErTRER) > B HEEEREE R
B AT RIS - BRI R R 712XV Galois B -

(=) ARy
FEVH B AT RAVETE SR BRSPS ~ Bil - e e M2 Ry
ST - TR R B S R B A BT (B LV BE T RE R
B E) > RILER EETEE -
Bl R TR EY - B EHE R AR - ST
—HEEES - DLEREEFRK GG A E G SR 2% Bl
BASEHAHTAEIE - (AL - BEEFTASREVRES > BUPR T —(E B HIETH

gy ¥ (S HRTHE) T 725 INKapur F o 2B AF (IS RS A )

T 303 -

eyt 2 F (PLEFH) (A7 1 X TRLDELPF AP 22003 #)0 F 2330
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f£ Keith Devlin i » L&A ~ HPER ~ 8REE ~ Jiotdasny (B
ARE= )

- BRI BIRF B /Tj'—%‘ LA RE v H AR
B]A; 7 Ry fﬁp—ﬁif:‘i U]Fﬂ’*“ &) umff%ﬂ’-{ﬁ‘Qﬁ‘“ ¥ 5 ¥

- BReER > SAFAVIATRDER > AT >w F AR
RS- BT TR PR R RE T 5T
g E— T2 E 94 (perfect symmetry) - i E 5 71 4R F [ p*
ﬁ*»saﬁﬁg’-“ g0 (. 253)

EE#e—(E1E n BIPHE TR R B Ay SRR o] DI AT 20
2L o Il o RS AN R A T > R n fE e (i 360
R 2 e B B RE PREF T ARIR] © SRETEAR Ry n H - RS LEAmEE
HHARH e ~ SRET SR - DR B Z IRV A TR A & R ARk
HL T RIE n B HY$TREE -

HNE—E5E = N EHENER - Eta —(EREEE > tEEEE e
BArSsE e - ArbL > BIPHVEITEEE AT A E -

N O Bk T%fﬁé/\%ﬁ FIFhRAVIET - SREIENT R

—f - G Keith Devlin Fi - B4 < VR © TSR « JURRENERI0 (B
B ) —BFAT

AR Hg AP 0T LR D AR R0 o e AP o B

BAE T H @ it 0w Rt 2 Ak 0 A A o R
mﬁ-\‘f{‘ i P& eni] —%}F’T’ux ‘—l-i‘*"’r’?r‘hff— i F & g n
WP RSP - R ]“3‘ “i‘fff—mﬁﬁiﬂﬁ?’k’ 57 BRI (L

§othig 2~ o FE AP {?€¢ﬁm%m TR S
MY T kR R R Sl o (T 249)

HE A R S HERI 2R E - e R EEGP = LAY R

> #VEE Galois EUEHIRCETRS + b —BURNGIEINEE FLATRN > AlE&
(&g FLUEAE S B - R E R ERFaliES - fe et T ) 1=
TR -

211

Keith Devlin ¥ » £ & 2 ~ EF X ~ A T ~ & 74T (E 0557 ) ( EOE AR

2011 #) o
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Galois & 2 e it R &

~ R Al T3 &

{nEE FLRIRTFE TAEA MBS s T 8E2 ERVE RS > FE AR

AIER AT B A B H BRI gt -

P9yt 19 gLk > R E B ER A S - Beff Anag FUBFEL

EGREMNRESE  RER ST ENGEER 2 SEESNER - UM 48
MEAE | HE > b T & TER ) iR A > FEMEE T BRCETHIIE
e o

(—) &EEAE

Galois B AR GERACETHRGT R B MR EY R iy |8
T8 o T N M 23 - BINEEE RTINS » 405R
BN LANTESS TR R 875 R (E A —TRER & of - 4£ Mario Livio & > £%
AGEERY (AR GTER) —F T eta L T aH,

TR R WERE TE RS RAFOEN | o LB g2
AW o e 2T 0 28 LB R - D Beh (g
dAP RSB AT S %) P B R ARERE - o
(F 238)

KBS BURTTHYH RN =P ER (% - 182K TP 2E
HE o BEGAREE T 8E > BEERBIIAi B4R 4 - &N RIRNZE
RIEENS - PSRRI =URRE % - Tk T45RE 7 Bl(REss
8~ Prse T ahfg « ThEEAERE - FPAETESE o —(EEEG T DA A 2 4
> PR " &%, o PIOEBAREAREGSHECER) - FERCUN)
TSR L)% -

20 4 30 F(FME - AR —EHEE R - DEdl - fREAE
(Nicolas Bourbaki) fyZE4 » EREIIR S EEERNZAE - MR T A
T3k ALK EER R R A — AR o Bigk H RS AT (BER s
) ryEtEan T

ﬁt?:}a‘_ﬁm{éﬁ‘?@ﬁ”ﬁ { j\%ﬁﬁﬂiﬁ ogﬁg j\?ﬁ’é’ﬁg\ﬁ v Bt
Fpel g sl s RO R 0 h e Ag s b TR -
(F 104)

(I EeEEY) 0 F 1180
(I EeEE) 0 F 1120
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$ed Galois & fg % 1 L &

MAEAFHAV ARG > RPIEREPE SRS > HEF2 58
SCER L ATERAR © SRS SYIRVAE - 540 - HUEIRE ERAVHIELIAN - AR
AT R AT ~ SrEARIE EE Y0 - #VA AR EAR PSS -

& f%%ﬁ%‘é%%&)\%ffﬁx [FEFES SRS RS SRS 2
EHERIEARE - LEBRERMEMNESER 'MEEER S R
ﬁ%%%ﬁ%%%ﬂﬂ%éif TEZTRIGFTE (&8 E 101 ) M Hh i -

SELIFHAE A REERAS A LT T R G S
B EDRAAE > B PREITe § A%

MGFT BB 0 SRR A LY TR LR 8
'—i‘iﬁ‘ %) #F anE 2 g T e § 3% % (Austronesian language
family) > 2 #" 5 kLI & L3 % | (Malaio-Polynesian language
family) » 22 * TE R LR > kB RE ~ 5 RkF I~ EET?—';f 32

O I HRE T R e 3k o (P ng)

-4 re E 5 ED é—“z Robert Blust 3% 1! & 5 3R p o~ 8k
PO L BEFHORF AT R B R AT A e S
PRGBS e b F e (7 33-34)

oo = e FHHAS Ry Hm M - E REIEE RS TR » EumtEt e
SN HERL R 2K « (EFE SR AVIRES IR SR - AlEREH T afEnE %ﬁl &%Eﬁ%ﬂ'ﬂ%ﬁ
% 0 ARATEHY - SEEF 2 BB SRR ERVEE S AR LiZHE -

A S AEEFE A R B BRI AN 25 - (#2 T HAER
oy RS T AFIEVIEE A THEKENEE - B
REEFRERIISE © 1 M.Kline 2 > SRHEFRAY (PE T UL RVEEE ) —F »
AT ECE

TR OHEIENROF L - ERPLY l,;;—“—g?ﬁicﬁm’@fé o &
< ip ARG ’Lj&m'i*ﬁ—»“"ﬁtﬁﬁlﬂﬂh AR BEE
BN 4 ER DAL ¢ L fﬂfﬂpmﬁMAgFP% mo EFE A
7 N e BB R e PR A e B P EARFRA RE Y
BB 23 LA GEFRA IR P ES R R A
Fl e L g R 0 F higdg o (F 480)

[FEAR I B PR AIEET 2 A R HI SR E o AU SRAV @ M s e
HREG IR EMEAMHERAE | WAERIEGSE - 1858 - RS 7 miE
R PCRIVAERE R - BB p - BT M E N B A |

214 4

FHREE D (SHLI0LR) (o7 2k 20133)
" %4 MKline ¥ > sEA 3 (& 22 P i ) T 476
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EH Galois 2 8 &2 i § &

(=) e Al

(e ELIERR T E4esay - A TRV MEIE A =R =0 - 4l
TR FERINIEAE ETRR - - B Est e — (SR a4 ERE 2 55
— (T B S A4S » WG A 28 AU BT T B S EA TR T
DAEIR AN BRI A R G 24 (T 22 38 f2 » o n A HE G B R T A5 AR AT AP
rh B E AR AR ] AR 2% e > 72 19 tHACHF ARG T 28 AE T EER S (o Yy 3
B LG 28 ] A P M — A BLE

BXE H1SHY (B0 JHA ) ZAEPETTAT 300 FF/2 A 5T » JREM T2
G Hmfi i 30 BIEER SR E S 45T HEIREEIE T B ERNELK
HIEFE - (RMEA) —FHL0 R 13 & EHPER T 23 {546
A — B R IEEBH AN A TS AV e B 5 5 R R 5 R/ » HA AT R
PREE  ARRIERN R ardE  EREARAR R T $- 2 RE
Bvd B AP MIFZEAR- Rlehd p b2 foo] 33 B 4 PIIRS E M
uf WOR AR 18 AR R 3% ) o MBI g (AR IR A TR N RR A TU R A R -
TE Ry N8 H BV ARERZE TR » IEEEIPEIT 1800 N » SR AR AR
K22 TOR5E3E | AURESE -

£ 19 H4CRF > BEEHIE A ERE A 20 > BfEEE U RIrE
(Hukonan UsaHosnu Jlobauésckuii 1792-1856 4F » {FiZE ATEiEE5Y) » DL fil
HB(Janos Bolyai 1802-1860 4F- » &) S FIHEE 5 ) # E sl S TR ek - Iz
TEHTHIAERERE 2 HE TRy 2 (o] 2 8 B o (B RAVEEE 22 = it i 9e T B 2%
ol » (ERAFRSETR - BRI 047 88 A4 pir B FRGR T BR A SURE - IR
BRI BL A THEVIEVILE B - HIRHE RS ~ 5280 - $h
BEEGRTT » BMNIE R T HRERER IS e (r aysthfr » R EEE T 55—
fEHGERS MR RS — BRI &2 -

1£ M.Kline 3% » RIHEEN (PR UEHRVEE) —&F - HUITEC
@i

LeBam BA AL —FASP PSP UE A BT
P oo Fhe NPT g DlRR el A L E LA AR 0 T2 g PR
B AAPE A FEB o RA TN - BEk S A wE iy ﬁ’lﬁ‘[ﬁ%
AP MESPT g TE OB R #H SR B U A8
R R R R S N R T ke SR

B AP Op AL LT - B o (T 479)

LIZRE S ol ' NIBR S I L E B [F] - B — R B4R FT A
FELRAEER S S {A] A — B (A B ER VL 4R) - AEBRER 28 [ A2 A
A5 ARSI T AFAEATE T ESARERRER " =APN

PR YRS ¥ (EEFELE) (p1P 4 F K> 1996 &)
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o Galois & 2 it 7 &

FARIIRT: 180° ; g BLMEA PR R SR IAYEEHS - (EAEERTE A& TR T KME
R EGRIGERE TR G EAY -

g N JHAY BRI 2 HRIR Y/ NEEE - AT E BRI YRR
B INIEEERES P 2E ARSE AU 15 (i I 5 Ay £ - f9 TAEHyE e
N EEREUTRRE A AR AR B AR > (R R — AR B2
A ETH SRS & o (EP S A T REEE— AV L B AMRER R
B EC 2R (THIREZR s - ARG RIRETS " A a5 ) AVERE © [RNEJRBI%
FYRITL - AFIFRAEEEERE " BB z=fe ) 0 T ZE ] ) B R EAHY © BXER
S%fmy ] DA B 22 ] I R B AN REAS HE R AU B 22 P R LB R RE -
DI PR R &t R A R AR B B R4 - R Bl 52

£ M.Kline 2 > SRAHEREAY (PH A SUETHVEER) —&F > AT —
Feahbi s NAE

L Y LS SRR SRR TR S SRy

LAY R (P ) g B2EFE %07 2P e B AR 3 R

PEABIRLG P BEAPRIE LR LG e F e
AEL AR HAG I FEEL AT AL FEY - &
PRy BT BLL AP hp g etk w
AR - g IR A o (T 428)

RIS [ EE 52 JER TE i » T2Zik[A(Felix Christian Klein 1849-1925 4F)
1 1872 F3R T (LM HIR4ATSH) (Erlangen Program) » & H1F 25 fd & ]
Gi— 1T —(EHEERIELE T o PLAEZEEE S B PRy " BE  fER T A >
MAEFT4E E S EE T A SRR MEE > s Er2 (] » RIL R E %
AR [EIRVEHART o FIANERIS £ o] SHARE 2 Oro IREERV R MR B R - [FE
HL o B2 ~ PRAEEEECEMIRER SR ] - H& B R R AR A H
TSRS -

£ Mario Livio # » Z5GEEE (M T iE20) —F P itAaa TalHE

B L R Rl g o LB et i LR A S e
SR SEI }41&%*‘%’31“ Caedz o N E e it s BE g )
FEPE o OER P SRERE L - AT iRA e
{‘iﬁ% # (symmetry group) ° (¥ %) o $345 5 K Fleh L fE > EF R

S e B PF L R R - E'%:}E’ii"l’#ﬂ,,,__{éﬁ%%ﬁfim‘r Pt
a‘ﬂ Ben- FF A - (F 237-238)

q,

\'é\\'&\

MNFREE R RIHI ST 52 - ST T A [RIRYZE el - BREC A (] R A=
JBRYAE - WHREEIFRAM D A 17 FE A ] IR i ple i A EE A

125



EH Galois 2 8 &2 i § &

o TERE TR Hily o JIERTB WP T RartEHys e - NI
NPIHTI G IRIANE I3 B i3 - R ZHAEGRREE R A BT S
HHHTEF -

(=) BAAEraYUEE

£ Galois Bz » 5% f(x)e FIx] H E & f(x)7E F _EAY5r24%8 > ATERIF
HI S EEEE Gal(E/F)EY B Z A ERA (% - WK Galois HEwE
AE— R - EhEE T BEAE R B AR RS RE (RS - I
FHARIERY Gal(E/F)AT-EFEZE K - 75 8 19 4L DR &R (R E T Hy =3
FIEMEAREL - ZLTHYR A T B R = BT -

B @=L T EE ERE TS A EEREENA
B (HETEIRAE - SR ERiTEE IR - BRI M HIR - ISR
W THTHIER 4R - BB MR MFmE S S A - ERRERAM IR
BWEH > E&ELSBIEBFRE -

1 19 AR DUABI A Ry Y EN SR (Impressionism) » LUKz 20 i
OO R BEE AY F2 3R T 2 (Expressionism) » A ELAEAiTE A TR RHYR
& . LrpHIgnREFEFHAMNDSA BRI - Al A ERYIRE TS 2K
1t - RtfRE ST ESUE B S - BEXE - 5 - 5t - 58S >
e S FEEAR ~ BSR - ANEVZEREEE - DIERBANOHY B REd = %
T ENED o FEASBRIZL S AMNAIE - TR M TERIFEZE T2

AT WA [E 3 G2 2 FE B AR DB - 7 i = 5 Tt & A
Pl > T8k THEEE ) - FRAFIZETR ¢ Galois HEmAT RREfEHYE &R » e
#] Galois B N[E] FRFAVAEHEEE > (EVE TIRAE T 2 /A ) falfE
Bl M ER AT 2 o i 3t S e R Galois FEUREIAY RS 11 - WIRITFRAL -
BRI 26 FI& A E B 2% (] P 23RV 5 @& A AHE A ERERE - iR
FERBEECHAMES) - JIREE 1R S A RS ARV R (F AR © it
s ACEHER AN BT T T 38 2 » MM RPN B iR ARG a1 T %
A B AR -

FERRREAT Y 22 mE mAIE T > BTSRRI EE 2 A > F5RE[EIRF R R
o=~ GEREEREMERE - KA - £ MKline & > 5RHEZN (75
T EEE ) —EF > AW TN ECE -

FF R BT GF B R R RS SR - -
BAR2F D THERL > fpral A H G EEE L DR o (¢
) FF L RAMBEREAFFTOELH ol R BAR
AN i > BRI G R AL o S EFA T AL A
BEERAEPE > 4 EHR o (F 477-478)
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$ed Galois & fg % 1 L &

{02k FLEE AT R AV EERAH T - (B S (B R e Y [FIRT - RS |
H T RWEAHTER - BRI HRE AEAVEATEAR » £ LN, kapur FTéRAY (B2
KRB ARE ) —FEh » 5[l | {3 B 5 AR A iR (Alfred Pringsheim 1850-1941
FF) Sy — R

L FREARFARSRRY s B- BEIFFo- BEAFS- B
SRR 3-8 Wik B! Ifa’*’ﬁ Rzt FEad - BREY R S
VU FARART ) R F FRRE v HE X 5 - B E e o X

2l
PO A B ra—iabwz? (F 222)

il " Galois Bf | 1R —MERS ARG - HRIER TR 0 ARE AR
BRSNS > MEHEG AT RS HEERYER IR - Galois B R H I 237 AR A
% > B REFUHY S M e - ﬁﬂ%ﬁﬁkfﬁ@ﬁéﬁzﬁ SR T AR ARSI 2 -

Galois %E‘lﬁﬁﬁ'ﬁ?ﬂ’ﬁ% mellF > FERZEREE E%{Tﬂsﬁxﬁﬁﬁfﬁﬁh
S = HUBHTHIHLE - ET«%THjJ:%}EﬁﬁUfE )\@@E’Jm% iy TSRS
%1 Galois )D\,D\E']HE/j/(if% A PLHZAYIFIRGERE - W08 éﬁﬁ'@%tﬁ%ﬁ@@%@&@
ENISES SN
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$e i Galois & &% i R &
5 4% 2 ik gl s
¥ & Rl S

B DA - FEEMEEE RS SRR o E 52 SHIT (XA 580-H1 500 4 »
IR ~ BERFATEIARFIF > 98 AT ROV EE L 51
TSRS c AR - 2 RO BEEEST S TIUES,  (quadrivium) ;
] T EL% FREI(1650-1750 4F) - FARTEIREALL T 5 S AR I -

BighE M.Kine % » SRHLIRAT (PETSC(LFOVBER) *—& b » BT
#

EREESEN P LN SR D TR E S TN 2
Wk BEMEES T LT PGk R R
R LAETE LT ICER ST R =T R R T
T P HEA UL S S RIS A L e B ke 12
el o Fle Gt AR B HE B - H 4RI Bk o (T 295)

B LUEEE RS MR R Rl - & S 2T - DA AR 4R
HEE - EEARE S &6 IS8 LERBEEIVER - DU ER5s RIS
Mefs » DI e R A g B2 ] S 2o B ISR =08 L (R0 el e
HH TGS R WIEREEAT P EE R N sl —R - RIS T B e — TR )
HUEEEE | -

A B SRR R AN [F] - R 5 RE A AR b Ry i SRRV AN 4R > B
HE AR R WS B A M — B2 R - B AR R
ZEy K B - B (Johann Wolfgang von Goethe 1749-1832 4 iz = I = i 4 A
FG Y RIIRRE s A e o PR AT S (U HEEER) 0 K
FREERHYESE » (BRI S SEARE - DN S L R M SR B R M S5 HY -

DU AW J7 THI K ERET Galois EAEER S 48 EEIE S » B FE B HERE T BbE ek
0y TR o DUKGAREI SRR TEESE AR

- BT R

e E T &H W TR BRE R ED o — RS St S SNSRI IE =0
FHASETHEERUGERN: - %= Tt E - EE > £ ERHEAIRIEER
R AT AL R B 2545 S — TR RIS e B S MERY = 4wtk > a0 B =X
=B 3~ B AR i (Fugue) ~ =15 i 2 (Sonata) ~ i fjg i 7\ (Rondo) ~ =i 5

27 MKline % > sEArFiF 1 (F 22 it P ) (HaF 4 F A4 1995 &)
ML L PEF (WEEIVE) (S0 T pEAREL L 52004 #) 0 T 15
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Yei Galois & fg % 1 L &

(Variation) » 7[RI EHR AT th R AR -

Galois EAIEIEHREIEN BT » R RIES S NTESHRMEH » 4
AT T BEBE OB EFEEEIEN - fig% Mario Livio % » ZUEEERNY (FEEITFEt)
— P ERATF

FE LAY PR A b Lho T HHAERR f it
Bfed 34 R 2R AR F oM FEE D] BE TR E—EM R
5. (F 307)

UM B SR AR SS RIS M Hh =X - dBHE " SIREEE ) B AR

(—) &5

{ing@ FL BB T AUREAVSERS - AR F 4405 (Johann Sebastian
Bach 1685-1750 4F » {E =445 )0 113 2247 (Equally tempered system) »
A VB VERY 12 ([#E S TR E v R — (R -

Here HIRR(EIREIE) AR E » WIrh gt C Ky 261.6Hz(#f2%) » A £
440 Hz > 1f /& (octave [ XFRARLLIE s 2> RlIb &S & C AR Ky 523.2Hz »
B CHISRR Fy 130.8Hz o JUE HARAEHZES 3ok 12 (EF5 » 268 LY
TR EC-C*~D-D"~E~F~F ~G-G ~A~A" B ZREFHEHEC-
C*~D D" ..o FHHSWI S AR (T8 B f s ESERELA A 1.05946
T (1.05946)" = 2 - SEERIEIIE—(EZBAAG ETFEk T > SRRV EVE AT
B0 B/ N=FERE 3 (85 KR=FE0E 4 (@5 e 2 UERRE 5 (5
TERAERR 7 EEEE -

BRI S L EERS > FI40 C KEREURy D Kl (=4
Hi RV E—EE S E e T R (E - SRR S S e A= R &
{BEEE R REE L E TS - FRNEY 2 E - HEEBEFEEASR
BAE O E— TSP > e —REEHETREER - 5 r AFE S
HUBEZRSE [ 1.05946 fi% > r'(n fyEEE) R E & R TE 1(1.05946)" £Z
AL, e,y SIS RE B I Ak — (B 5 ER B - iS (EREELRE 12 VA
B2y, +)[EIE -

EESNS(EEL T SF S B EASEANEIERTA > BliE
B YRR S48 o {F Mario Livio & > ZUREEN (Mg HfE=) —F
A N ECE
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Galois 2 8 &2 i § &

B i R A AEFEY 2 N ¢ 32§ 54 = (row inversion)
i$ {7 (retrogression)frif {7 #& i (retrograde inversion) o & 4 * § 7|4
o TIEHARD P AR ARRE S FERARRER ST TF AR B
Ko WE RAeF P CREA P AR 2w BRI Fr E28hg 7
FTER2e BT Ge (T EPEBERGE - WERiF 7
BOISHEEE Y (A Z R AR RTR A 0 A EF B A
o dFREREEr FAE T RF S BERY PR 2
CEREa B A(TRER L ) - BIeg B8

ARG N e B OE B AR RE A Dhig & o (T 310-311)

AILUEHE(E T RERE )RR Klein VUTTEE(R] Ka)[FIHE -

(=AY

TeEgErSEth=tE T - T RE ) (Canon)@—EF B DENE S &
4% EH—EBELIEE) - S (EEEHEEEE G BEEN S
WA > R RERE R IR E  DAEE B AR AE ~ TB TN IE R I
B H SRR ITRER - EnE gt —TE R vk -

Ll &E—@ﬁﬁﬁ” G BIANGRR it B R E R 0 FERF
BEFREER o RERRTELEH REEET AT %?iﬁ/\@@
A~ B~ C- D EETHRERF(QTE)  AIWHERFEOIEY B
B 4 (N EIE R E(Zs, + ) [FIRE -

ABCDABCD
ABCDABC
ABCDAB
ABCDA

S2ECT AU BhrEd 5

EEAVEEE o 7R 4 s T S AR E IS H # (Johann Pachelbel
1653-1706 4F > fEE{FHIZR)M (D KFH-KE) (Canon in D Major) » 2 4
HEFE DL (B (E Al - EEEE 28 K ?%@BEE:?E/J\%&%?%&E’J
T ATERH S N BEAIYE SRS o I T] DU R 2
AT R R M 45HE - Bt TR R ERY & -
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E Galois & 2 eh% L 3 &

i
v GNPl e AT
] ==E=E=E=ifsanniie==s

e L e

we IR AR R R

@.g%fﬂwu P B g
e [ SSE===——====
s lbte 4 ¢ opof ot o 4
we DR |

Efigk H M.Kline & - sRAHEEEAY (PET B EVEER ) thEVA R ECEK -

¥ )~ f#i9s(Schoenberg) [ v ) G #iFd frid - F R

A &Y > EHEFRIER DT AL o - B XA
[a'
S B IES o gtk Fwiﬂ%’—r’jiﬁimrfpifm1 7
o

BHRI AT S B A R X R o A e oo
(7 311)

FEANEE FL< Auey HAEf 2 > B E RIS SR R - MFIEAER
AR SE IS IR 3 B - 2T BB B st R SRR S
BRI SR IETY - B R E B EHID (S RN E 4SS - ]

RERHE N B EHyHh e gl TR MESS ) 1
£ MKline & > SRAHE Y (PH7UEFHVEER ) —FF - BATRED
#y

&gé%#ﬁrfﬁwlj 192 g+ ERFFR > 18 7rs £ 5
PEREFHEA RS A PR BA A ’jgvélﬁ-’*
aﬁ#? PR T S RN EL T I
R L2 ER 0 A PR LE maET > T Y ;ui %L*;

VE il % o (B 295)

294 ¥ Mario Livio ¥ » 3EkE#: (&£f2= 455)> F 310
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Galois 2 8 &2 i § &

RISEEE Sy L S AT A 1 2RV S (BT DU > BRI I

ERCEETHEFRSENET T -

S RENEIFNTET PE
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