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1 ELC&HIC

BREBIZH LT, TR EBTAR L WOBERH 5. BT, Box
AT BRETEBRDIZL D2HBTHDI LT, ZOETHIDOITHIRNZ BT
I &\ 5. Frobenius XETHAD C LOBNHEEE X, ZOKR%E
Frobenius DEE & 5.

AWEE, BTH L BTHIREIERT 5 Z L& D, Frobenius DEMD
—lbE 5 X7, 7, TOEEERZER TV D OREKENFEIZES
Uz, ZORKENEEIZL, ZIHAR Clzg; g € G] 2#R Clzg; 9 € G1Q CG
EWVWS X0 EPRLBIZERL, ZOROFTEHITHDOARY MILRRETS]
REFARBZLIZLOBLING.

ARETIE, £ TETH, BTHR, Frobenius DEEIZDOWTHAAL, €D dH
BT BT AROIERIZDOWTIRR S, T SR U BT D A
R MIVRILR U 2B FHROME 2B L, 5% % Frobenius DEH D —
AL EIR%IZEED.

2 BT EETAN

BHREE G IR LT, BT BTFIRE WOBESL H 5. REiTIX, BET5
EETIRDOEZEZRR, TNSOEKE BT S.

B4 GE2ARE, n % GOME, 24 % g € GITNT 3 TNTHARBARETT,
2L TR =Clz,; g € G %, EHBUA C TR ERORET {2, | g € G} 1<K
TESERBLT B, ZOLE, G OBTH M(G) & M(G) = (Toh-1)gpec €
Mat(n, R), G DEAFFIR O(G) & O(G) = det M(G) € R TEHT 5. UT
IXBETF L BT DBITH 5.



Bli1. BG=72/22={0,1} £ F5. ZOLZ

M(@G) = [”0 n

r1 X9
kb,

BT 0B KREZRRS. BTS M(G) iX, G DIEERRBRD D 5175IRR L
D& g TOME L(g) IZ 2y EWSFEEEN T2 DD G 2FITBFHRNTH
B, DEVTIIRE LHBPFELT

M(G) =) z4L(g)
geG
DY LD, RETE x4 % 74 € C L AREE, THiZ M(G) ¥HER CG OFfF
FIRRTHDHILEZEHEKT S, ERIZOWTEHL AT 5.
BG=1{91,92,,0n} £T5 ZOLE EBDgeGIZHLT

g1 92 0 Gn ) _ q 92 9n

991 992 -+ 99n Go,(1) YGog(2) " Goy(n)
&0, MBS, NDBERREAL:Gogrr0,€ S, BEED. ZORHE
L% G0 (k) EHMRBEE WS, FAIRR L 0fF5l&RR%

L(g)i; = ' l:: Ug(J:)
0 i# 04(j)

CHANE, G DRERFAIEF L : G5 g L(g) € Mat(n,C) 2B5N 5.
ZIT, fMEi=04(j) ¥ gi = gg; LEMERDT,

(Z :z;gL(g)) = Zgig;

geG

ij
NS A RASH

RIIBTHIROBRERR 5. BTFIR O(G) i3, R CG OLATHTH
LS WEHFNTEIRTHS. DEVFRETLz, B, c CLARUILE,
Ygec a9 € CG PRTEFDZ L DBE+HRMR, O(G) £0THB I L
Mo b ([28, Corollary 25]). X7BHTHIRIL, 2 DOBNEZ SNz L EIT
IS HBRBMMPE»EHFIT BRIZE L > TS ([4, Theorem 5)).

3 Frobenius O EH

BTHIRD C LOBK D% 5 2 5 EH %, Frobenius DFEHE £ 5. Frobe-
nius X Z DEHEEZRD 5BRIZE T, HRBORFREZHEBEL = ([23). &
#iTlX, Frobenius DEEIZDWTEHIAT 5.

31



32

£56GC%,GOC LOBRHRFEOFAEEORERADTLEL LTS, IRD
EFE% Frobenius DEE L WS,

EFE 2 (Frobenius DEH [3]). BTHIR O(G) D C LOBEKIRER, AT
EZoh3,
degp
O(G) = H det (Z mg<p(g)> .
e 9€G
Frobenius DEHDH| % 5 X 5.
B3 BEG=2/32=1{0,1,2} £T5. ZDL &
o T2 X1

O(G) =det |z, zo o

T2 T1 ZTo

= (2o + 21 + z2)(zo + T1w + xzwz)(xo + zw? + Zow)
eB. L, w1 DFRBIREIED1I DTS,

Zh 5 Frobenius DEHEDEFAA%Z 5 X 5. Frobenius DEEDEF KL
i3, LTOEE»SELIZO»S.

FIB 4 ([17, Theorem 4.4.4)). B L % G DERIEE, G = {¢1,02,...,0s},
ZFLTdi=degp; £35. ZOLE, LIIUTOLS CEMDETES.

L~dip @dapa®--- D dsips.

Frobenius DEELVEHTHIRDEN LB EEZXTVWAILERT. FD7D
IZ, AT 2 o0E%2HAET 5. '

_____

5. ZDOLE, {p(g9) € Mat(m,C) | g € G} i¥ Mat(m,C) DB & LT
DEBRIZL>TWS. 20, {p(g) |1 <k < m?} » Mat(m,C) DEE
LB ESR g € G (1< k< m?) BELET 5.

L RN )

yij ZHNER LTS, 0L E, mREEN det Y BEFHIZHA L 5.

TlZ, Frobenius DDA DDEFOBMMEZRT. 2RO TR
DD ETREIR L.

EE 7. 175 p = ((pij)lgigm,lsjgm GDmIRORBLTSE. ZOLE,

ﬁct?ﬂ%?bélZ®%§+ﬁ§#ﬁﬂw(2ﬁc%ﬂ@)ﬁcrﬁﬁ
WEERAL BB L THS.



Proof. ¥ 3 +HRMEIZOVWT, MBE L > TRT. KRBl 2B TRVWE T
W, o BEMSETES. KRB o OENSEE ¢ = 01 ® 2 & THUL,

et (Z :cgcp(g)) = det (Z :cgcpl(g)) det (Z a:gg02(g))
9€G 9€G geG

ERBDT, +REREBENRDLDI LA DNS. BDEFGEZRT. #ES L0,
{o(gr) |1 < k < m?} HMat(m,C) DEEL 2B L5 gr € G(1 <k <m?)
PEETS. Lizh o T, B 2FTFIBMALETHIEC,; eC(1<i<m, 1<
J<m 1<k <m?) BPEELT,

e(gk) = ZZCkw ij
i=1 j=1
EMTB. ZZT,TRTDge G\ {g |1 <k <m?} IZHIET BRET 24
20&ARLUT,

m2
Yij = E 24, Chiig
k=1

rnig,

m2

> x4, 0(gx) ngk (
k=1

Ms

> ChiiEi )

Jj=1

It
=

%

Z gkau) Ey;

SM

VR
Ms

1

15

.
]

r”/]s
Ms

Yij z]

J
)1<z<m 1<j<m

ST

rul
1l

5. ZDEE {y;|1 <i<m,1<j<m}IIMIEH {z,,|1 <k <m?}
DIEAZ L IREBZR DT, TNThHNLLRERTHS. Lo T, 6 LV ¢
BRI L 0D, BRERMDRE . O

Frobenius DEMEHK VLD Z & bbb o7z,

4 BT & BT DGR

FBoHihSbHB LI, BITHRIBOTARALZ2AVTEETES. X
T, BROEAMRE (ZREOENRE) PHOEAREAE2 —BILLEZHOD
ThHHI L RHE@EL, T DFROERRE Z W TEATH L BTHI R % HL5R
T5.
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5 H*GORAE, G=tHUtHU-- Ut ,HE2GD HIZLBE
FREAR, T = {t1,t2,...,tm} ZEREAMORETORLES, TLT,
RG = R®CG = {¥,cc 9| oy € R} L35, B RC OERA (55t
BOERRE BIAE (11 22H) RKTEEI NS,

E# 8 (MEQEMRS). HED ae RGISHUT, UFE#~T Lr(a) €
Mat(m, RH) 7= 72— 21T 5.

a(t1 to .- tm)=(t1 to o+ tm)Lr(Q).

ZDY ¥, Bl Ly : RG> a e Ly(a) € Mat(m, RH) %, T 12 & 3 RG
5 RH ~® (£) ERIERL NS,

INMba=) otk —MIEEV, LRG> Ck,ge H
RS w(g) =1, g HESE x(g) =0 TRET 5. B FOMEN S, BHE
DEHRBEFPHOFEMREDO—METHEZ L Bbh5b.

#RE 9 (31, Lemma 5)). Ta 2—RLL 5. ZDLE

Lr(a)i; = Y X(t; ' gt;)zet; gt
geG

AR D LD,

Tek GDEATLTS. RIZH ={e} LThiE, BEI PS5 Lr()y; =
Tg.g71€ Bohd ZOZeho, RERUABTHEZUTTEXS.
EHE 10 (AR L 7-B¥175]). o &—MBwe 95, TDLE

M(G:H)=Lr(a)

% H~NERU - G OBHTRIE WS .

7, R L f:ﬁﬁﬁﬂiﬁ% UTTCEHTS.
EH 11 (IR L -BT5IR). WO H 2§56, ZOLE

O(G : H) = det M(G : H)

% H ~NRRU 7= G OBTHIRE WS .

5 Dedekind O EEOH:FR & —A%E

% §° Dedekind DEFIZDOWTHEIATS. BATIZH 5 & 512, Dedekind D
EH & 1% Frobenius DD G Na[aiigE&TH 5.
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EH 12 (Dedekind DEH [3, Theorem 2]). £E& G 2 FRAIMAL TS, Z
neE

0@ =[] D_ x(9)zq
xeG 9€G
PE Y SLD.

Dedekind & G B A TH 58 OBTHI A NALT I itk D, 2D
BAOEGMEEZRD S Z 212 &V, Dedekind DEH %2 F7-. AFITIX,
RUBITIIOH B AT PIVIZEE LT, Dedekind DEEDILIREES.
£33, GHTHRTH DH[EDETH M(G: H) DARY P T DWTHH
T5.

HIRBE G 2 TH, ®g.pr)(X) = det (XI, — M(G: H)) £33, 2L, X
i3 RG DL L WL RETL T S.

EE 13 1 DDART ML), Stz € RGHPEILELT, Se.my(X) %
Qe (X) = (X —an)(X —az2) - (X — am)

& CG ETHENETELLTS. ZDLE, {ag,00,...,am} % M(G: H)
D1IDDARTZ PILENWD,

AR U 7= BETHID ARY PR —RB TRV & %, IROBITHERS 5.
Bl 14. G =7Z/2Z={0,1}, H={0} £ T5. ZDr X

(Gar)(X) = det [X o0 om0 ]

.’L‘]O X —$00
= X? - 2200X + (z2 — 2%)0
iy Zhix
(I)(G:H)(X) = (X - (:I}()O + x10))(X - (.'1700 - $10))
= (X — (200 + 211))(X — (200 — z11))

OBV IZHBOMBTE A e hbhb. koT, HHRULZBTRIDARY
MVIZ—EBRTHRWZ b o Tz,
AR U= BHTH D ARY FIVIZBL T, RO Z L hbh 5.

EEI5E@f(}ﬁG%$ﬂ£CE%®herﬂbfﬂm h % i
7-TbDeTH ZOLE

{Z X(gH)zof(9) | x € cT/?f}

geG

X M(G:H)D1DDARY F L.
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AR U7-BE1TRI D H B AR M v AWT, Dedekind OEE %2 LIRS 5.
ZDHIZ RG LifEAZZ2EHL, £-BEICET HEL2 2 DAERT 5.

EH 16 (BB LOEAR). #88 x e G2 LT, Ty : RG — RG % R %
T, Tx(9) = x(9)g 2#7- T EHE T 5.

HEED x,x € GIZH LT Ty o Ty = Tyroy, —MTE a IZH LT Ty(a) =
Ygea X(9)Tgg BHLY LD LITEET 5.

W 17 ([9, LEMMA 2.22)). 84 Gy = {x € G|x(h)=1,Vhe H} i3 G
DEHBET, G/H LA—HRTE5.

AR L & H O, H48 Gr 1w & 5 G OERRFHMRE G = 1 Grr U
X2Gpl - UG, Z DRRENRORETOREEER U = {x; |1<i<l},
ZUTU DT (BHR) & HIZHIRLUZbDLEBORTER%:, Uly £T5.
% 18 ([24, Lemma 3.5)). A U|y=H &4 5.

T, Dedekind DEHDILRE 5 X 5.

EHE 19 (Dedekind DEHEDILIR [24, Theorem 3.8]). £4 G 2 A RAHE,
H%GOHABLTS. Z0L SRHBH YD,

0(G:{e}) = [ Tx(6(G : H)).
xed
Proof. B 15 LB 172 18 & D,
8G:{e) = ] D x(a{ezeg

xeG/{e} 9€C¢

=II D_ x(9)zq9

xeG 9€CG

I (TX z)

x€G geG

= I 7 ( IT Zx’(g)xgg)

x€U XI€§H geG

= [I & ( I1 Zx’(gH)wgg)

x€U x'€G/H 9€G
=[] & (0(G : 1))
xEU‘
= [I ©eG: m)
x€U|H

=[] 7x(6(G : B))

xel



b, ABTE . ' O

B F:RG—> R%, RFMEIT F(g) =1 %7~ 3TE# L 9 5. Dedekind
DEBDOHIE L U, Dedekind DEHD —HR{LHEANS.

I 20 (Dedekind DEHD—ME{t [24, Theorem 3.10]). £& G 2 HIRAT#:
B, H%2GOWAHLT S, ZOLERMBKY LD,

0 = [[ F (1 (e(G: ).
x€l
Dedekind DEE D —f L3, Dedekind DEFD —#L2EL Z L % RD
BICHEPD S. v

Bl 21 MABMH=GELT53. ZDrx

o(G) = [[ F(Ix (0(G: G))

xe@

(5

=1IIF (Z x(g):l:gg)

xea geG

= H ZX(Q)-”’g

xeG9€CG

L7720 | FEDMZ Dedekind DEENEH N7z,

6 B 2OTHLEIEETIOEOHZIARI ML

BB T, G THEHBED M(G: HY DHB AR MIZEBET S
Z &2 & o T, Dedekind DEHD—Mb 2 157-. HIREE G VETHROHED
M(G: H) DARZ bl (G HTABOBEIT UAEHEL TWAW) R0 &
IR > TVBONFEFKENEETHS. LWV oTH, — O M(G: H)D
ZRY MV ERDBDIIEBETHS (5T D, M(G: H) OFARDEHS
MBI 2 3 (Zh e BT BRI [25], [26] 238 3)). REFTIk, G ¥ H A8
BB ED, M(G: H) DARY MLV EEET S,

WARt H % GORE2 OB AHT, HIZL3 G OERRELR%
G=HUtH £$5. 20L& RG=RH®tRH LEETIIE, —BT o &,
B,y E RHMPEFEL T, a=L0+ty LEHEIILHTET,

M(G: H) = [f/ tf’f;t]
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Rohrsd. £oT,

-8 tyt
X —t1pt

=X2 - (B+t71Bt)X — ytyt

: X
0(G:m)(X) = det [

BB, ZZTa=t1pt—ty LTHIE, Sem)(X) BRBIETELZ L
Bhohrsb.

Q6w (X) = (X —ao)(X — ).

R U 2BHTH M(G : H) DARZ b LVE LT, {a,a) B35 Z L hbhotz.

ART bV {a,a} KBUTERLAZWIEDYHS. Eida & aldAHT
BBIENDED. LT, atd=Te(M(G: H)), ad = 0(G: H) H
5 RTASH

Remark 22. kiR U 728475 M(G : H) D A2 bk, {a,a} 7213 Tl
o, BRI, {B—ty,t7 1Bt +ty} & M(G: H) DARI MV TH 5.

ARZ MV {a,a} 25, BIECG LORBEBRHBRATLS. 2Oz
DWTHET 3.

%4 Z(RG) % RGOHLL TS, V&, RET ¢, % 2, € CLHRL, —
Mta % CCOEEDTLEXDL, BRf:CGoamacCqH5X5
ho. ZOBBIIMTOMER2E DI AL EDT, HEBEHL WD Z LT
T35,

EIH 23 ([27, Theorem 33]). D a,b € CG IR LT, KA LD,
(2) a+a,aa =1aa € Z(CG).

(4) a=a THEILDBEFTIFREZX, a € Z(CG) 12D L THB.

Remark 24. #E3R U 78475 M(G : H) DARZ bV LT {a,a} HdH 3
MW, ZHE MG :H)Ha ba CEMSMRTESIL2EKRET, £4220
EDIZENAET B 2IETERY. NI M(G: H) = Lr(a) THHDT,
M(G: H) % RSB 72 L SIZRAMEREERNE ZLHBRNIL I D
h5.

HBEEHEEANT, 2 x 21750HFTHORES X 5.
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FIE 25 ([27, Theorem 34]). 751 [“ Z] € Mat(m, CG) 12 B{TFIAELET
C

i,
A i -B
N =" | (a4 -Bo)? -
c d c a -C A
hB. REL,
A B B ad+bc ab+ba
C 4| |cd+dc chb+da
L95.

Proof. 5E¥ 2375 A, B,C,ARTHTHB L L,

i

LRBIENOSEBIZDNS. O

b
a

o

A B
c A

7 Dedekind DFEEBD X 574 3558 & 5k L 7= 81T
FRDEKREMHE

EHHITIX, BREGPITBRTHBIBED M(G: H) DHBARYT pVIZ
HHYTAZ &2k Y, Dedekind DEHEZ 7. RHTIX, G 2EREE, H %
AIHREEE UC, IR U 2BHTHIR O(G : H) IZ&EB LT, Dedekind DEHED
X onBHEL MRS R B, £7o, HiELABHTIR O(G : H) DRIk E
HEIZOWTHRARS. ‘

T, HER U ABTHIROBRIZOWTHRRS, IR L =BT 5IRIE, &
BRCGOEPIAFETH20EP 2T EIRATHBI L hbhrd. DFOIR
WE D 3L D.

EI 26 ([27, Theorem 24]). RET zg % 24 € C &L, —IT o %24E
BOCGCOTELART., ZOLE o BWAHETHD I LOBEFHEMER,
O(G: H) e CH BT 25I L TH5.

%7, 0(G: H) iLDWTRDZ L hibh 5.

% 27 (27, Corollary 20]). "/#i# H »* G DEHRMAR RS, ©(G: H) €
Z(RG) N RH %80 3.

T, Dedekind DEED E 58 5HREEX 5.
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I 28 (Dedekind DEED X 572 5845k (27, Theorem 30]). £E G 2F
BREE, H % G ORI RL 5. ZOL FMARD L.

0(G:{e}) = [] Tx (6(G : H)).
X€H
Dedekind DEHD X 57 ZH53EH S, Dedekind DEED & 572 5 — R4k
HEPND.
EI 29 (Dedekind DEHED X 572 % — &1L [27, Theorem 31]). #£& G %
HIREE, H% GOMH/BEELTE. ZOL EWMAFRYLD.

0(6) = [ FIx (6@ 1)).
xel
Dedekind DEED X 62 2RO FFHIZ DOWTHNTH L. FMIZEAX
[27] £ BRELTRL A, EEHOKLHA I, B FORRNTRTHS 2 & &
REZLTHB.

RG —=2%E _ Mat(m, RH) —3 ~ RH

Eﬂﬂﬁﬁl O lEﬂ'Jﬁﬁ

Mat(n, R{e}) o R{e} o Mat(l, R{e})

8 Frobenius D EED—i%{L

BIREE G H 2T EE LR WSS, M(G: H) DARZ b LRIFAIR
RERTHILIIHLUZOITHS. LLLERLS, LTOEERZBSZENMNT
&72. 2D Frobenius DFEHED—%{bi, B 7HOTMHAII—TkRkE2E52 3
LEIF 5,

7 30 (Frobenius DEED—f&1t [29, Theorem 12)). £4& G 2R, H
% GOWMAEE, TUT, ® % Kronecker B2 §5. FBEDhec HIZXULT
Ch € Mat(m, R) BEEL T, IRHK Y L.

. deg ¥
0(G) = [] det (Z (k) ®C’h> .

'd,eﬁ‘ heH

FEEE 2 £ 30 &0, G OERMRBFORLUZET 2R/ ONS.

% 31 ([29, Corollary 13)). & G % HREE, H % G OHABEL T5. (15
DpeGIHLT, RHERYILD. ‘

degyp < [G: H] xmax{degi,bhz’ieﬁ}.

% 31 1%, Frobenius HE&E» 51/ 515 (14, #18.15] D H = A %23
By LTEANET <IChiB).
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