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FROV—RZBG SRy TREOBERERR

A - =R # (Mamoru Mimura)
SEA -8 &E ¥ (Yutaka Hemmi)

ZZTClEHopf B E W k LOEZRRE > 2R MHopfRETH Y, —HRXE(R
EOBEAEHRKRELRV, p WEHBTFRLIEOE U Z/p=17/pZ (p#0), 2/0=Q &7
Z, UT, THIEZN-EFROREIE—BE2ES, BAXBELOINTVWEET

%o

PROV—-RBOTHHLN SHopfRBORRIBHE LV TRD2OHH S 1

1. mod p SteenrodfU¥ A (p#0) ,

2. HopfZER X O k 2K LI F(WHREQV R

H.(X k) (H*(X k).

(mod p SteenrodfXE A m KDWT)H[15]

Agp OXREt O a BkEARIAREQAY ~{EFARTHS

1) EEOZEM X Z0HRH%EM A o (X,A) RUFEOHEAEH n X
UT a @ HMX,AZ/p)—=>H X ,A L) W2/ n— 4G4TS 5,

2) MoMOoEREFS® f:(X,A)~>(Y,B) WHEEITSEEUER P H (Y,
B Z/p)—>H*"(X ,AZ/p) X¥HUT fra=aff BRY LD,

3) ERERRE® & H(AZ/p)=H" (X, AZ/p) XHUT da=d8a
BIRY 2D,

Ay WBIEBREOAMUIKVRE DIRBERY, T6RREARLTRE A
Ap =Am @A G WRKLVHopfREERS:

a(xy)=(A a)(x8y) (a€A wm, x, yYEH*"(X,AZ/p))

LAY A EAZEFOXNOaRERY —RCHpIRFEUVTERT % Am D
BB ERI<HMNTLS | REELLUTOERKTE p=2 D& XE {Sattiso
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(deg Su* = 1), p2Z3 D& XL {P*, Bluwso (deg P* = 24(p-1), deg B = 1) T
Y, ThooMicEBRIA(Aden relation) BB 3 (cf BFFHM), SHRXARFIEL
TIRMBA Y LD !

A(SgYD =3 S¢'®@Sg*"!, A(PY) =3 P'@P*!, A(B)=3R1+1R3.
FRZEhoD0aRERY —~RBANOERIROZXBGERERXHT)IRARLT !
‘ t), 0 (dim x < 1),

Sqtx = x® (dim x

Ptx = xP (dim x

2t), 0 (dim x < 2t). |
Ay OREEUTOBEIERETDSD, HxdHopfAE Ao« =Homz, (Ao,
Z/p) BROBRBERBEIR>TVS !
Awys= /20L&, E2,],
Apw= L/l &1, E2,1@A(10, T4, ) pE3,
deg £, = 2'-1 (p=2), 2(p'-1) (p23),
deg v = 2p'-1,
P (EDN=Z, 6 VY RE,
()= @I+Z; £,V &1 (R(j)=p?),
BU * Ams>Am« @A ms WERHE,
- (HopfZEMozhery —Z20T)
2R X DHopfEHTH AL, ERESR 0 XXX->X T pulx d=pl 0
~id: X=X 2ARTHOBFEETSEERT S, X HHopfEROELXNAETR
AT X=>XXX (A=(x,x)) RUE p  XXX->X HoFHEHINZEFGRUER
kY H*XK), Ha(X3k) dHopfi%kici 5 ¢

A* D HY(XGO®H*(XGKZH (X X XK—=>H*(X;K)

ar t HMX O H(X X XK= H*(XOQ@H* (X 5K

it Ha( XSO H (XSO H(X X X 50> HA(X5k)

Ayt Hol( XG> Hu(X X XGOZHL(X RO HL(X 5K
TZTEHRLY A RU AL WHAHD ODRE2XOBEKRT)AHRICRSH, o
BU pe WATFUDHFEDITERV, HopfER X O 2 XXX—=>X BAREHE
—RAWTH3LE p(uX)=p(1X ) XXX>X BRYIDETRLS,
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FhREIPE—TMTHBEE nT2p ! XXX->X BHEOVID2EZEVD, HU
TIXXX=>XXX W& TGy)=W,x) TEESERFRTH S, u BREPE—
BEB(REPE—TJHOTENE pu* ! H(XSO>H (XS ORH* (X k) BT u.

PHA(XGIORH(X )= H(X k) AT, Bl DR
HopfRECBE U TWHIROBERENS 3,

1 (Hopf[81,Borell2]) H WHEPHGHI» DT I/p LOHopfUET,
REOXL/p—MBEUTHEHRETH2 LT %, COLERBELTROEO>ROW
AR R

H=Q®H @ (RE¥oER)

ZZC H: Bkowdnby
p=2 O&E 7/720x]J/(x®), t = 2° FhIiL oo,

=
v
w

DE&E (1) ACO Cdim x 1 FHEH
(2) Z/plx1/(x®), t = p= F X oo (din x : BE,

BU. t =00 okxid Z/olx]1/ (") = Z/pIx] &EFZ %,

T 1 K VHopfZER X W UT HY(XZ/n) BERBUMTHI>HAIREES LU TOHE
BEAHHRT L,

HopfZZHI DAl & U T MAEBFELieB)PRERNTH S0, SHRIL—TEH QY =
{£:00,11=>Y & | F(O=Ff(1)=%} WIRTHFASN B 1 QY XQY>QY &
KUHRE P E—FEEHIHopf BRI S ¢

Gtope | 20 0FES1
ENEUA e Il 9t-1 1/25t=1

EhtopfZi X XU QX WHREBPE—a#RHopiEHERZIEBHSNATY
%o

EHE2 Miltnor[14D) 1) EEOMUMEE G WHUTEHR BG € G=Q(BG)
AT HOBFEET S,

i) FTECEALBENHRALIIER X XU THAER G(X) T aXx=

G(X) RARTHOWEET 5,
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HE M- TEEOREE—BES RO Npf ERSHET Sl S7={#x
{1 DCayley¥l,

BHRORTON-BEHRORE P E—B R DHopf BRI (ER R TOHopf EEDE 2 N
2 MLieBE A UAHERRE . BRaANR T MlieBZOWTFORKAEERZAL
TRENEELOHERBERORITOHpI MU TH ML T 5 & BHBRRKRE D
E—RWFRRLYREATVS

FHE3 X 2HERHpfEMET 3.

i) (Browder[4]) m ® Hu{X;Z)#20 RIABFAOEBHEIITHE H(X;Z)=Z
ERY, TOEBT £ WHU NEHUAX;G)>Ha-o(X;6) (G BEBEDT —
NLEDBAMSEIE RS, |

[) CHubbuck[91) X G 4 XXX—X HAEIE—THRSE X G} —
FAORE P E—REHED I X=SIX-XS!

iii) (Browder[4]) 7 .(X)#0 nZ2) BE3FNID n WHETH B, HW n.(
X)=0,

iv) (Clark[6]) X PA—TZEOREIE-BED T n.(X)RQ20 Fk
X=X .

v) (Hubbuck-Kane[10]) ns(X) BHBZ -MBETH 5,

vi) (Lin[12],Kanel[11]) H.(QX;Z) WHHZ-METH 3.

DT X BA—TZ=MORE M E-BEFOHRHopfZRIERL—-TERDET 5,
A YN P REGHAE. COLETEILDRBHEYILD !

1 H*(X;Q) =2 Alxi,,xr), dim x; = 2n;-1,

F Rk X OB, Qni-l,,20-1) B2 X OGEEREEVNS. X BV bLie
BTHAE, r BEEORETHY, S.2n-1 = din X &¥743. ZZTROMER
Ex% . |

IS5 (DEARTERL—TEEBFEET ZRDD (n,,n) OFHUERE
» ?

S, HRA—TZEH X BWEk AL Borel[2] kb, HREOERERRL
TIRMEKV LD !
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H*(XZ/p) = A(Xiy,xe), dim x; = 2n;-1.
koT, X OAMEEM BX (Q(BX)=X)REX B3I RLVRBANS ¢
486 (DEARTERL—-TER X PEETLE X OHHEZR BX WH
REOERERVTCREARRT
) H*(BX;Z/p) = Z/plys,,ye], dim yi = 2n,.
EOREED(MEALTEM BX OHETBRDD (ne,,n.) ORERAN
BT EBEBEILR,
22T X BEBRHIYNY PLIeBHOBRELTH%. 5 T £ X 0K —
S5, W(X) RBWeylBE 75, X<HMATVLEEHL WD) X T OXEER
BT ¥EHUL, &>T H*(BT; Z/p) RYERT 5. %Z? H*(BT;;Z/p)¥*® %
ZOFACET3TERETZETUREE T>X »oBBSh3EARER BT
>BX RIVEXDEFREGEBERIN S,
(8)  H*(BX;Z/p)»>H*(BT;Z/p)*® =1/p[ty,, .19, dim t, = 2.
ZITROKH SN RERNS 3 ¢
THEI (Borel[2]) pz0 DL %ld W(X) ORKUE p EXTH2&T 5. 2O
CEOUANERERY, ¥a
H*(BX;Z/p) = Z/plyi,-,yel, TWXD) 1 =Tn; (dim y: = 2ny)
WY Do |
X T Clark-Ewing W LOBEAE—BILT 32 I VES 2 ROBTELR
V B k FOBE r ON7 FLER. W 2 GL(V) OERBARET 3.
DEX W L V EORBRE SIVI=kit,~.t:] (deg t, = 2) RHFEET 3,
B0 AR SIVIT BBEABRRSEDORBRRLEH 2
Mgl S[V]® #EMOREQY—E UCERTES, $2b5, ZM Y T
H(Y;Z/)=SIVIY 23T bOBEET 3 RDORMETREH 2
DTZhasOfEL2 Clark-Ewing[7] K-> THEZ TV,
MBIV TRERO LA SN REENS 3.
12 ([510161031) char k = p & U, p#0 GE X W ORI W1 p &
FCHHET 5. COEE SIVI=kly,,~ye] ERZLDOVPEFHRMEE W
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DHEMFETHEZETH S, XORZOEXIWI =1In, (deg y: = 2n:) WK Y 3L
D,

P RERE, W 2HERE, I,” B p EBER, Q: 2 p E¥HKET S, 5, HZ
REEEH GL (Z:)>GL(Qp) RUBHBREE GL (Z:,)>GL(Z/p) 2H
WC, W 0L -RRWB Q- REARVIL/p-FHEEL S, COEZRPBHKVILD !

SEHL3 (Clark-Ewing) GiH p CERERE W 20 TEOL/p-EHRBEL U
TOERRHOFBEE Q- FHFL UV TOERRAOAMEI LOMBIZ & ¥ —X
—WZHIET B, THWRZDEE L/plys, o,y 1% & Qolys, e,y ]" ORBBRURIE
—¥¥%. BU, B R LOBEKXR Rlys,,yel, dimy: =20 (0 S--=ny)
ZXUT r RU (ng,-,n) BERAFhABBRUBE XS,

EHISE Y, k=Z/p O& XOMEIOE GL (Z:") OHRBAHT GL (Q»)
DHEMBERZ3JOOHFEOMBEILR S,

RIZHEBEUIUREZ 3,

Al char k= p &L, p#0 QL ET W QMUK p ERTHHET B, &
OEXFECOHHW-ZM Y X UTRBEVILD:

H*(Y/Wik) = H*(Y ;K"
 RBEULYBEEILG H(Y 02K, 8] 2B RTHBEW-2H Y OO
FIREWC 2 5,

W 2 GL(Z:") OBRBABELT 3, 2OEE W Ik KWZ:)7,2) REEAT
5, HU K(G,n) & (G,n) BIDEilenberg-MaclaneZBfTH 5. EW 2R H
HW-ZREEITHhE, WX Y=K{Z:)L2DXEW CEHRERAT S, k<Mioh
T3 &3 H(Y;RIZH (KWZp)%2); R)ZR by, , 8] (dimt, =2, R
=1,",1/p,Qs) EBB. TTT X(W,p.r)=Y/W EBPERBISE 1AL D
KRB -

EEIS W R GL(Z:") OBEMBABTHUEY p EXRDBODET S, T3
W D GLA(Qs) OBMBETHINUWE, RBKY LD

H*CX(W,p,r) 2/p)Z2/p0ty, 0, 4 I¥E2/ply ey o0y ],
| W I =T1In; (dimy; = 2n;)
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ITHEY p EERQ-BHBEOAHBHIEALTW Clark-Eving OROERISB S !

EEG W OBKEH p LERERBET S, COLE W HQ-HBBELTO
EERRARFOLETARHEC-FMBLUTORRRERREDBI SR Z0HE
BUHY Qo WAEhBZETHD, TolIDE&E Qplty, -, t.]J¥ & CLty,,
t:1" OBBRURE—HT %,

C'figﬁt{ﬁ@ﬁﬁﬁ Shephard-Todd[16] KXV B/EIN TS, ZOEREHALTK
21835

EEIT W R GL(Z:") OFRBOFECHEY p ERXTHY, GL(Qp) K&
BOTHEBBRZR->TW3E3dDET S, 2OEE HY(X(W,p,r);2/p) & UTEH
ThE3ZEAROYMUIKEOR»>B/BO>N S !

T Z/plys,uye] (dimy; = 2n) BEFOAREAYV—REUVTEHTh SR
S, TRREREA o REOBELRF D, Adans-Vilkerson WBHEEEA o -RE
KU TROBBRER/R @

EI8 ([11) EEOEREA m -RE 2/pye,,ye] @iy, = 2n,) LHUT,
U IIny B p &EERW

Z/plysyeeye]l & SIVIY
#HRT GL(V) OHMMBAH W BEET S, HU V EBK r OZ/p-XT }
LZEMR. THWRIOEXIWI =1In; BEKY LD,

‘Clark-Ewing RU Adams-Wilkerson ORI VR BES !

F19 IIni B p &FKET B, CORMEARTER BX BEETZ22D0L
E+AREER (ny,,n) B Clark-Ewing ORH OB oOhBZETH 3,

STREBRDBESS. 5, FABARE (ng,oynr) WHMUT IIny ERTRL
FHUEERETHS. k> THBEERURIGLVREHES !

WHE20 DRAHLITERL—T M X BEETHE, XB2ART po BEET
%

(21) pZpo REZEEOFEH p WHUT Ini W p EXTHYUHDE (ny,,n)
W Clark-Ewing OFRMS6EE N 5,
MESRHUTHELL P oROFEND 5 ¢
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FHE OFEOERL—T7EM X WHUTLie# G TREBLTOOVBHEET S ©
H*(X;Q) = H*(G;Q).
HUFPHEBEVTNIEERL—-TEM X OB (ny,,n) BQDEAET, &
25 (2,2,2,4,4,4,6,6,8,8,10,12,12,14) X po=5 WU TR AR T WBLieH
ORI RS> TRV, $4bH B Clark-Ewing, Adams-Wilkerson OERIIFHOE
EHRRE G B> TRV, BFE, Lin[13] L&Y, THRRVERBAS L LEL
SHEEBE SN, FMEIEL->TLRL,

e M| UK FE BEK% i
1| n | (D] pt (! Q 2,3,,(n+1)
22" n |[qu"*n!|pint,p=lmod m| Q(8) , m,2m, -, (n-1>m,qn
2b | 2 om | m>2,p=+l mod m | QCO+6 1) | 2,m
3 1 m | p=1 mod m Q(o) ; m
4 2 24 | p=1 mod 3 Q(w) 4,6
5| 2 72 | p=1 mod 3 Q(w) 6,12
6 2 48 | p=1 mod 12 Qli,w) 4,12
7 2 144 | p=1 mod 12 QCi,w) 12,12
8 2 96 | p=1 mod 4 Qi) 8,12
9| 2 192 | p=1 mod 8 QCi,v/2) 8,24
10 2 288 | p=1 mod 12 QCi,w) 12,24
11 2 576 ‘pEl mod 24 Qe,w) 24,24
12 2 48 | p=1,3 mod 8,p#3 | Q(V/-2) ' 6,8
13 2 96 | p=1 mod 8 QCi,/2) 8,12
14 2 144 | p=1,19 mod 24 Qlw,v~2) 6,24
15 | 2 288 | p=1 mod 24 QCi,w,s/2) 12,24
18 2 600 | p=1 mod 5 Q(7) . 20,30
17 2 1200 | p=1 mod 20 QCi,n) 20,60
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19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

= de e e ds W W W W W N NN NN

-~ o [ox] (8}

8

1300
3600
360
720
240

120

336
648
1296
2160
1152
7680
14,400
64+6!
216+6!
72461
10891
72+6!
8+91
1924101

p=1 mod 15
p=1 mod 80
p=1,4 mod 15
p=1,49 mod 60
p=1,9 mod 20
p=1,4 mod 5
p=1,2,4 mod 7
p=1 mod 3
p=1 mod 3
p=1,4 mod 15
p#2 or 3

p=1 mod 4,p#5
p=1,4 mod 5
pEi mod 4,p#5
p=1mod 3
p=1 mod 3
p=1 mod 3,p#7
p="7

pil

v

pzll

Qlw, 7)
QCi,w,n)
Qlw,5)
QCi,w,vD)
QCi, /)
QS5
AEQVELD]
Qlw)
Qlw)
Qw, D)
Q

Qi)
Qs
Qi)
Qlw)
Q(w)
Qlw)

Q

Q
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30,60

60,60

12,30

12,60

12,20

2,6,10

4,6,14

6,9,12

6,12,18

6,12,30

2,6,8,12
4,8,12,20
2,12,20,30
8,12,20,24
12,18,24,30
4,6,10,12,18
6,12,18,24,30,42
2,5,6,8,9,12
2,6,8,10,12,14,18

2,8,12,14,18,20,24,30

BU *Wn>1 D2 m=qr, &

o
eETCl/ s

(ZEX#]

6 _—:eL’TCi/mo

Q
i=/"1, w=e?i3,

7 =e"

2R1/ -
Ri/5 g =
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