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Weakly complex bordism group u*(sz) IZHoWNWT
%% H E B
LEROERDHEA
1. CW complex 3 (X.,A) (=3 LT, n&I compact weakly complex
_manitold M2 & map f: (M%H M) - (X,A) DM (Mn'q)an t) %
2250, ({HL., @Mn 12 M2 @© weakly complex structure) F¥47 .

nt1
weakly complex manifold ( , D n+1

wirt1) & map F: W - X
BHEELTROLIOOEHEH 2T EE (M@ 0 t) i boTd THB &
e _
(M M2 Wt o reg.ular submanitold & LT embed I LT
%
(2) 0D ni1 & MU IZHIRLZB DR ®,0 ThBo
(@3 Flypn=t

1
vy ca

4) F(w
(M7, D, n, t,) & (M?,@Mzn, t,) 43 bordant Tk B &k, (M)
My, @ n U ( ~Oym), 1 Ufz) 23 bord DT & LEHT B0 MHE
(M" ‘%1:. £) BB (M) £) LBz TR, BA {(M° D)} %
bordant relation TAMLTHALHBHE ! (M) ¢, ]+ (M7, £,]
=M UMy, t,Ut, ] CHELERL, ChxBIzT5, COBY
(X»A) 12Xt T 5 nRJC weakly complex bordism group & Wrln,

u, (X,A) & @<L, e« oo ) 1% generalized homology theory
Ridoenmbns, [3]

2. tinite GW‘ complex Xf (X .A) (LT, MU(k) C kRIC unive-
rsal complex Bundle {=%t9 % Thom complex #FEb L. Ul (X,A)
= lin (258X ), MU (K) JrE#HT Do chE (XA) 2HT5
n R JC weakly complex cobordesm group &35, u*( v )R
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3.

I

1

generalized cohomolvgy theory {Z& 5.
r % (m+) wEgEzEN M onm s oE&c
T (Zg By, - Z) = (ez"i/pzo, e"””I/pZ1 e ezni/pzn)

TEZbRBBDET B, Ik T CERShAMUMERBEL T 5, V¥ X
2z L) = 82 r LE® T B T, = (L) i (& uypy,
(Bz)) &%< o AL i :L(FIC By AEFHET Bo Uy = Uy (po-
int) &L, @; ¢ U,; T generator # ®Xb T L e&T5,
ReARKOER2B S,
E2 1. EHDONMrMP1 THBo

. i
FE2 (N u,__(Bz)~u, (LN 3 &
2n—1' " 2p7 2n—1 ( k=0 {42t e =Tk

+5=7)

11' ,"j

cee L L ean
BL, j%xp, Z" 7 ~Z1+[ £
. ; p—J L.
A .or . eee i 1 &- ~
z " 'kl’ D generator & d11d22. djl e Ly
p1+[7,_ﬁ:|
@)y, (Bz) T U,y
EHE 1 DIEH
EH 3. X2 4 n I weakly complex manifold 7 bif., EEX

Bo® o u (X > utN X mEET S, ([5])
MEPIR, ROLS512LEXLNEbDTHD. lEDALDIZ, (M5, £]
€ uk(X ) inRWNWT (M5, t) B RETOD ti2 embedding TH5 &L
tangent bundles T(Mk), (X?) iz almost complex structure
BEBS0ELTENTS, X2 1oi55 M° © normal bundle % v(M
LLTELTo v(Mk) ‘%55 olassifying map W(MY) 7 T

n—k
(BL 7 Z 1 (&

) complex universal bundle) WHFEHIND
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map g : N(M )/iq(Mk) > MUEFE BBbhE, (EL. NS i3

ME OJ'Xn {Z8(}% tubular neighborhood €H 5c) =D map £ O,
KD map B3EZ BB

N (M n—-k)

7
(I:I(m - MU (=3

. X
) - X >y in N

@ (M5 1)) = {@()} ¢ uP 5 2505
2. K-— theory & cobordism group u*( ) X DEBiR
EH 4. X # tinite connected CW complex ¢35 &, mono-

morphism A: K(X — ul(X) SEET A, C2)

‘ SHE P2 ROXSIZLTEZLLRDSDTHD, X—n € K (XN IZ8WNT,
XERbTRELY (" LT5L&, 2 (X—1n) = 0, (%) LEDB,
TT 0 (&) DEBERMUTIZBRS .

conplex projective space CP® @ Fo U(1) — Hopt bundle 7
&, AEE% i cPPcMU(1) 2 #E% B, homotopy class c, = {i}
i u?(cP™) OEx EbT .o

fE¥ED tinite complex X @ k® U(1) — bundle ¢ zxfLT, n4&
+HKIZE B L bundle map € > A HFEMIANSB map t : X — CpP
BEET D, C, (6= I‘*CI LEHET Ho —fKIZ tinite CW complex
X O ED U(n) - bundle €% =L Tk, BWACZKDEIZED 5o E°
(D complex projective space % associated L # bundle ¢ . E
S XEELB, X0 ¢1¢" =9, @9, (L. 72, R EDLD U(1)
—bundle) EEbINDB, | .

FKoE™ = on,) 0(n,) HBESk 0(ED) R—BIHET 5.

C(BU, C(E™) =140, (%) + - + Cp (€7)) #iz i@z c, (€D)
PEHRTHZLBTE D ‘
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3. mx :LB(p) —» CP® #% canonical projection £33, 0=n!(7
—1) ERWT, EB3, FRATEXILRZFE® 1 Uy (L7 (p)
Su? (LB (p)), o: K(LE () »u? (L™ (p) BB LIz »Ts
ROMBELE 5o
#ES. (=@ [ (0, i]

—5 [4]izk5 & UﬁiT{(Ln (p)) @ generator T, H- order
n—1

1+
P el e e b TR IREES FOEDICELRS,

B B2 DiEH
#iE 6. u2n—1(BZp) < Wy (L% (p)) > u2n(sz) < u, (o)
BELRDB DT, L& u2n_1(Ln(p)), uZn(Ln(pn DE M & T 5o
L%(p'® Znu skeleton ng(p): S1Uper ed Up84U UeZn—1Up62n
®EZ D¢
(L2 (ph L2(p)) 1= LT, exact Fi4#~<5B L. KD exact Finsiy

bihd .
(05U, ® 2 - 0L (p)) » W (LI (p) - O

ZO exact FlRFIALT, KD exact FiaEHbLN %,

Ln+1

T¥
(2) 0 — U2n®Zp—>u (p) —>u2n__1(Ln(p)) — 0

2n41¢

T XIS Ix 2D composition THBo
o+1 D 5 _ntt i 2 n WD
Wyt (B () 2 07T () = u (L(pD) = Uy (TY(0))

(ig: LM< L™ (p) @aER)
v, i i.
r(p) % d11d22 d,].’ (%; % Up(p—ty) TEMSNS polynomial
ring 275, &p2 T 4y = b, (cP?'J%T; (b, = O mod p)
qan)
CHEETHE . ROKRNBLRD,
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W7 Be (o zWLT (2 = din A))

' k

1+

2 AT, =0 kb A ep G=
zk+1<Fn

U
R A

&l- @y @y e by (% R U2 (p—1),

DOEB U, (I () OWHHD order B Wy, , (B (p)) D or-

der ¢ —HTHZLMBALN., TH2BBLR B

2(i,+2i,+ ) +2k+1 = 2n+1)

& % X BR
[1] P.E.Conner, BE.E.Floyd ; Periodic maps which preserve a
complex structure, Bull, Amer,
Math. Soc. 70 (1964) 574-579
(2) P.E.Conner, E.E.Floyd ; Cobordism theories, Seattle
Conterence on Ditferential and
Algebraic Topology(mimeograp-
hed), Amer. Math. Soc, Provi-
dence, R.I.,» (1963%)
[5] P.E.Conner, E.E.Floyd 5+ Torsion in SU — bordism, Mem-
* oirs of Amer, Math. Scc. 60
(1966)
(4] T.Kambe ; The structure of Kd—rings ot the lens space
and their application, J.Math. Soc. Japan 18
(1966), 135—146,

[5] R.Kultze; Uber die konplexen Cobordismen gruppen. Arch.

Math, 17 (1966), 226—223



PL, ¢) homotopy type IZ2oWNWT

k % & A

§ 0. semi — simplicial group PLpid Milnmor (3] izX Y HAZN,
microbundle  structure group DEHAZR T LRRLAEATW
¥ 443, @ unstable 7 homotopy HRAD R bhrTWhEHA,
Kuiper — Lashot J& (2] {z#T. exact seQuence

-7 (PLy) =7, (87 @ (0 ) o (PLy_,)

'—>7zj_1(an) —

OHEXRL, m;(PL) = =,;(0,) = ;(PLy) ¥k m;(0,) iz injective
CABZER 1S 3 CRLTWET . $TXTORIIZOWT 7,;(PL)) = 7
(0,) BMELLRNZ L RLAMORTNETA, UT, n=2TRFEEHN
BMT 5 exRLET .

n=24&W5 &% essential (24N L T, BMAFEH, HOENLH
B - TWB DT, n2 3 MEANOIRRKEZEbNETo RBFLS
(4] 25 LTHEREWERWE T,

§1 #4325 category 3 () PL —category T9 . Kuiper — Lashof
(2 =&v. PLy @ 2 (Ixs"') & nomotopy type MELWNZ Litb
o TWET 4 (IX s i Ay % base &35 trivial bundled
isomorphism f 1A, X (IX s =>A X (I X st T, D

AeX{0hx 8™ e A x (11 X 877 BpEhnkS5abor k-

simplex & 3% semi— simplicial complex TT9o 4 n= 2 CTTh

B, A, X I X 8" = f£1A, XIX s' #%® universal

covering Ay, X I X RO automor;ﬁhism TRBEDOREO N DD

LBBTEMTEET, TO5RLLEE £ (A X T X (0} A, XTI X

(0} FCHELM isotopy ink o TRTC EncahiE, R% S (=
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project ¥3 Z LB TX join extension {:i‘). 7 (PL,) = 0 &
S52EBTRET, T B, —WDkIX, “nice triangulation” OF
#2Db, k=0 OBREKIBEIN, TOBEEIX IX {0} & £ (IX{0})

DBits complex ODHFERIZFH=ZBHOEEHIZ LY, isotopy T LIZR
52 EMbnVET, k=1 OBHE, UTFOF#F/L bundle map @ )

DRBAE-I T WIELHBEHY, homotopy TR ZIABZ L3bnFET
( H. Gluck [1]),

§ 2. F& Ii X I X RO Z— EHEr#+> bundle homeomorphism &
i I' X I X R © onto homeo. TROEMLXHATEDEWVSo (HUTF
p.b. homeo ¢HET . )

i) £]Bd(I!XI) X R= identity
i £({x} X I XR)= {x} X IXR
i) t(x st r) = (x:t/01’) ERDLINDEDL, t(xtT+n) =
(X2t/ r/+m), BLnd 8%, k5
%% 2. p.b.homeo. t{zE7F5 I' X IX R® nice triangulation
K&id

i) 1 X IXZ (|=#IlBdT5&. £ i3 subcomplex T
i 1P XI1X2 D t,r'i’angulation J NP ->T, X2 TIZHIBETSEK
DHFEAD simplicial map 2%k > TRY,
i’ projection p:I'X IXR — IR KiZBAL T simplicial T,
V) KIBZ:I'XIXR—>I'XIXR&EWS. RO 2=k B transl-
ation {Zf8L € equivariant K3y DH¥ ES5.
Z ® nice triangulation IX¥IZIFLD & 57:&0\%%{%%91“& To
i) f(Ii XIX{g}) iz&8Fh5 2—simplex i3 tiber = {0} X I
X RIZEIT TRV,
i) & (i+2) —simplex it tiber T4/ 2—simplex & K —D
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HEsTWWws, (% nice — simplex &WW5)
il EFD nice — simplex HZ O LIZD% & 5 AFRMOHE Py, 035
ET 50
V) Py, ® subdivision it equivariant &5 K&@HIZMES N B0
V) K D equivariant /& subdivision I ¥E{Z subdivision {zX 9,
nice 2§ B LMNT& B,
FEER EFD p.b.homeo {ZBHIL T I!XIXRO nice triangu-
lation 3HEET 5o,
EHEMz3BELMATTN, FFEXME P XIXT T 1t ~ (] project-
ion ¥#Ez, FOUBIZLB cell HELH/ELTHLRET.
bundle isotopy &it. fiver DL 57 1sotopy WS & &T
g, KOEBEBELIL 7o

Bundle isotopy theorem

Ii X IXR®DTp.b.homeo t &, fIZEd 5 nice triangulation
MEZ bj-iE, t| 1) X I X Z 1% identity (= ambient bundle
isotopy ik »TIND .

Bz, 2@ isotopy Ik Bd (I" X I) X R #% fix L. Z® operation
LAMTH B

COFEMIZEO. §20 £ (I'XIX(0}) Tz RT o &anmamsi
v, PL, tD'nomo 1opy Wb BRT T 20 operation &AL
Pimk D I'XIXRTH I'XIXS EbbTErTH BT &R

N BRTT e

§ 3. THOHKINLHES =0 OXEHOBMEERLE T
ILIXO#F—BLT, £(D = IX[—N,N] &5 @ NOESN%
EO0FT, (DN I XN RARED Simple}.c NBW »TWNT, isotopy
T, THREAME (0IZHEWE) ItHLTPEZ enTEET, ROFDLS
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KRBz OTTHR, ZZTC—#HARAD
WM (F) #2352 ¢58T&ET. 5L, F N
DEBOBER Lok 5D & - BRI
LY., HO=ZBEY WS DOhOWIZHMIB T

LRTEETMN, FDO53H, BREIAXR jj\\ /\
— TR LRSS AR - EAKRR % N—1
Tog LT RWE Edbn) T, Bk, =

isotopy ik » T, ZEWEOLELAET, BEREARMH T BT
XBbYFTTe HERTDIIKEABBECHET I LEE>DIFTT
AL, RRECLVES bRV ETo

X C—#OPA TN, nice triangulation OKE jil) THA L
PVj F® nice — simplex O DIFRIEIZL O (i =0 OFAIHBEINE
o Z OB, nice triangulation O#EN D, KB T » % nice —
simplex 9 isotopy BKRITEDEL isotopy (:hﬁﬁﬁgna ZEMNbhY
¥FTo

i=0 (->Ti>0DE/IZd) TEHE=ZARZKL T carrier BL D
TRAZTVEBZEETND isotopy FAML TEED 1sotopy sifgb R
TERTTH., ZDODZARITH/NIIL LB EMTEH NT 20 operation
LR LN ET .

&z E x R
[1] H.Gluck, The embedding ot two — spheres in the ftour —
sphere, Trans, Amer. Math. Soc.. 104 (1962),
308 —-333
2] N.H.Kuiper and R.K.,Lashof, Microbundles and bundles [ .
Invent, math. 1 (1966), 243 — 259, H : to appear

[5:] J Milnor, Microbundles and differentiable structures.
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Princeton University, 1961 (mimeographed)
(4] T.akiba, On the homotopy type of PL,, to appear in the

Journal of the Faculty of Science, Univ. of Tokyo.
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o [EHEEE O ARG S DWW T
S &

MESHONLHITESRAEMDAE 2 FORAEHLME L Ditt M &
# . CRREROMAEIZ X » TRA KR TH, %Rz pseudo — diffeo-
topy IZX AEMERBEFR — BI® . g & Dift M A% pseudo —difteodoty
LR MXIOMAFMET MX0, MX 1T t. g InFNFR—KTBE D
MEET S — AR, £ORERLKY 7 (Ditt M) & 8o CHR
Diff MMbOFBEXNEBMEY 6. 4. B 1. 5P 580,
#HuEHET5 sP ko p¥' bundle. sP £ s? vundle EFHFh
e, Fp ETHE. ¢, FLRERCHMATHEREOMELED. &
(Diff €.), @y (Dift Fp) OMELBELARTEDHIRD & L1Z#~<5 0
BA—OHETH S«

homotopy class & diffeotopy class B—KT B KT p<29g—1 D
#H (Haetlger [1]), (zfB% &, SHEIEE LB 4, 7 € 0(g+ )%
retlection & L. rf CRGEACHEL 3 EALsbbT. Hdx

& = 0 r#{f}#—{f}d)ﬁé '
r#(t) = — (t) o8

¢ = z,
LEHRTD L. KOFEHMELD

el P <2a—1 LEETH B 7, (Ditf &) DM 7, (SO
qr) OREBEBCDEMOBOMBIZEL Lo iz

EE2 p< 29— 2 O 7, (Ditr sP X D) orBur. ® 2 (SO
g1 ) @ Z, OAIBUIZEL W,

o (Diff Fp) ZEHHTHAH2, K4ARKRO LS54k tiltration ¥ Ah
0o P<a<2p—2 LEETS.

1 ©Ker M < Ker L < Ker K< Ker A <=z (Diff F,)

ZZ T, Ker A/, Ker K. Ker L, Ker Midoo &% 27, homology B D



BCF#. qQ—KTD homotopy D H CHAE, fibre S? @ tubwlar
nbd O D bonndle map, SPTY O FH# D pseudo —difteotopy cl-
ass BENEh trivial Kb DIz B, Diff Fp O subgroup @ pseudo
— diffeotopy class DEIVTH 3. ThbLbOBOMOMENREELhE
NEHETHILI 1A, bundle F, A trivial TAWRHZI Milnor O
pairing [2]), 5 Wid Wall @ pairing [3]), izikETH @ LK 3.
bundle Fy #% trivial, 8% F, = s® X s? ORIz K O EBwA R

FH3 4= p<aq<2p—2&¢753, 7, (Ditt sP X sV ofrHR
B 2, ® m(80,) @ = (80,,,) @O " oz s L,

RKEED Cert ODFERIZLD L, LOEHMIDRITDS & TiE, pseudo —
difteotopy class % diffeotopy class 23— 3 %4, & Dirt sP X
8% ® connected component DA B EL TWBZ i Bo

UEDHRZRAWE L. BARTOXUZHATEREIAESHLRS,
etk (N1), (N2). (N3) OBABELEDEE KD Z LaiHk5b,

H;(N;) = 2 i =0, p, q+1, pta+
(N )Y H;(N;) =0 x O f

\'ﬁib 4 p<q<2p—2, zp(SOq_H) =0

Hi(N,) = Z i=0, py a+1, pra+1
(N, H;(N,) =0 x O Al

7wy (N,) = 7 (sP) 4<p<q<2p—2

\

(Ng) = sP x ga+1 (homotepy equivalent)

4< p<q< 2p—2

FORELT. HIZEROL S H&ERERNBORS .
3 (N, 1B T 388K T P= 3,5 6,7 (mod 8) D,

W B BB 7 B, |
BL., SHEMOEERL R O oA -C. Mz connected sum

—12—
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~ 7 b vEEE Z O EADFER
ERECEE SN € )

§1 Bk BMAHEEHEDO LD~ FABIZONT, Poincare MRKEL D
B ah, MESAXOEERBERYESHLTRE. FIZE- ~7Z b
LEOEBEENRMILTWS &, TORTORENERIND, £ OTH
DFIE Euler OEMIZ% L&A, Poincare, Hopf iz X » CAEHX
ntocﬁMunm[}j):@%%u«ﬂr»oxyrww%ﬁﬁwﬂﬁu
SRR, MAMAESAYORANTHEHRKLEEL DN D, (Steenrod (141,
Milonor [6])

b5 —o0DF M~ DM E LT Morse — Smale DEMAAD Do zhizo
WK NEES £ . BMA HEROEEIMR. RRERET
% Smale ODHBESFOREAFLNLTNSA, T TRENIZSNKLV.
(smale {137, Rosenberg [10])

Y~ PSSO EBEL T, By Frofiair Mo, BiD Chev-
alley @ E M distribution ODHFEDHEND S o Tz it 4 D
Bk~ b EBEET D, 05 LEERRTHHM FIZONTRN
5c dbi=7F %o distribution OFEIZHE L TIRXAE D Thomas (XDt
ga BRIk (Thomas [(17])

gfc@¢ﬁ?mz§¢@smn&arwkcomfﬁﬁoﬁ%&%ﬁu
CORFIZEL ORERBMREYELRTWSZ 22BN LiWwEES,
RIS OESENCIR » o3, & 2T BFAXERO PR OFIAXBER - T
FiZ. £ OLERLRBELBEONBERTTH Do

§2 sSpan M T 5EHERF-C LbORVWROMAL ALMEER o=
m&ﬂgﬁﬁaTéoMééﬁw&Lta%r@ﬂ&mmﬁxyw»a?%o
{xy =~ X} 2MEDO~Z p A3, BB (MO cross — section &35

— 14—



CONI PAFRMOERT—RBUDL X {X; ~» X } #MO 1 — £i-
eld EE5, T DL E {Xy Xp} BRMO#&R pTp OHEZM 1'p(M)o'T
r— frame # 5% T\ 3,

4 0m#% R (nRT=2—2 1> FEM) OEREHRE, RE0 r— fr-
ames OfE%5 Stiefel $ikth% V,  TRHLT ELROGEHKY Do

mEl ROFHEREIZFE
(1) Miz r—tield BHEET 3,

(2) =X rRIED trivial KEH> Fardkd o,
B) MEDpXZbresrbaéng-T, tM=¢(@ 17 HL @

r RJt trivial -S» FAC @2 Whitney flo
(4) (M) OHERMS O(n—1), n=din M ¥ reduce H¥E 5,

(B 77 43—m Vo, r £%% 7 (M OHfffi-*> FaiZ cross — section

BHFET S, (Milnor (7], Steenrod [14])

P Mz r— field BEETIA2DOLTRES MONEHRE S
etc. FHWT R b#,

M @ span 0 (M#% max {r| M Kz r — tield HHE | CEHET S
T5 LA ROERD B o

817 MAEXbhzl& oM 2RETHHEYEL L,

R 1RO 2 — Rz E ODREDHED S T NHERL L, G 1
DEIZHNTREDOERLENDFBDIR 1ODHkTh 50, EFENRALT
THAD Thomas DRERMNZ D/ ETHEDH —DDEAL Bbhbo & D
Mz EREL BAMIZEL TEEIZ span 2B LTHE S PIFEN. B
% DFEENR « N . Flzif Eilenberg 3% » TWW 3 KEi=, Adams D
n RTTERE S O span OREIZBET 5 EREYBHRT B DI FTH, i
HEMOKRE—MEFFBHMTH B0
"#I1  (Poincare —Hopt) (Cf.Steenrod [147)

MA 1 —tield # 2hDHOMBLETHERE IR Buler OFEHK x(M=0 T

—15—



5o
#2. (adams [1]) =s" 93,

n+1=(2a+1)2° b=0C+d4d, 0SC<3 &T5, DL

a(s™) =2°+84 —1
( Bredon — Kosinski [2])) M#% 7 — &8k, BIH stably —

%13
parallelizable & § 5, T5&
n
oM = o(sn.)R&i

({HL n=dim M) £LT ¢ (M= n BIH M4 parallelizable &7 5

iz xK(=0 L BexitBBo 22T PN MREARTEL BASB.,

% 7 10 ( n: B0
M =
& £=0 rank H; (M.Z,) mod 2 (h=2r+1)

~

(H; (M, 2,) 1 Z, REDOMD*KER Y —FF)
%)4. ( Sutherland [15]) 4 M., M’ % FAfFTECRL &% Y

fﬂ'%‘f@’)%‘)@&?‘éo rS—;—(n-1) (n=dim M) &T 5%,

G MM r—tield 1 H

(M n:EH iz

(2) s™ A r— tield 3 D i

3) n=2%(2m+1)—1, x, m=1 =
wi=0 rfor 1<is<2% k>3xp i=2"'n
(fEL W' 12 Stiefel —Whituney )

= M'#% r—tield #3 9D,

_#15.  (Thonmas (16]) MRHEERMITEELT 3,

dim M= 4k + 3 X iz
= 2 —tield BEHE

dim M = 4k + 2, XY(M=0



§3 rank M MLE®D O— MEMEEKLKORS M IZHERIEZRE
DRI P ABEOBEROBERA>TREDETRELS. T5EM EOX
7 P A Xz e (M OMAERE, BB

(1M x:c®M > ™M BEw

(2) X(t.9) =Xt. ¢+ t-X¢
Pl TIDOEEZ TL e

E&X Y ANZbagELT [X.Y]) : cTMm - M % (x.Y]
= X(Yf) — Y(Xt) TEHTDE (XY JRANXZ A3l b 4M
EDNI BB OEAYX MTRDLT L, LD (-] BT XM
i3 Lie WL bo

4 G Lie##: T 3LE0DOMADEREIIE H:GXM — M,

T D(F.x) = ¢.x EERDTE (1) %4 (£3%) = (%;8,) %, (2)
1. .x=x8099,,9,¢6C. x e MIZRILTHIELTHDDRE D Bz GA8
T OBABN+TELORZEE @ (.%) = 94 (0) TRDT, T5
EED (N VB Py, o b, =g | 4 ,(2) 9= id. (EH
Big) LRbt D,

NI bPHXBEZbRLEE, TORSEMEHNTEBELEONER
DMNDIER (P}, g NEZEIND, ZOMIGIZL >T XM & { ROD
MADER} » 18 1 zwEd5 e

Xy X} EMEOR7 Pagge X, X;]=0 ij=1-%
ETBo TDEE X, X} RAMEES . 4 X; =ET5 R OFF
Ar {o ) eEbT e [x;, X} =02 ¢ o) = ) g0
R-TapA~I g (X, - X |} BELZbRB L. RE o1k A
Plo, w 1) = P4 0 7 oPl TEXbRE, (AK (4], Nomizu
[81) |

Bz k— tield THHILd D MIBEIZT 50 £ LT rank M = max
{ k| MECA#7k k — tield REET S} LEHT 5.0

’



g 2. rank M % RFEH Lo

GEE2 MICEMA k— field RELETSLTEHER, RS OMAD
fEFT locally treex b OWEET ST &o fBL locally free &3
RE @ orbit RETkKRTORBAERELES T &o

COGEMND M Iz HE AL k — tield MbhiE, THAIEMO toliation

#Ez B kbbb

fi1. ( Lima [3]) rank §° = 1

_@__2; ( Rosenberg [11]) rank s?xs! =1

_fillj)_ ( Arnold, Rosenberg [12]) . VRBEEZLD
rank V< dim V—2

KK torus TX @ rank RHEbMIZkEX B R>T TF X N O
rank = k &7t B50 LML rank ST =2 LABBAZ LBEDLNLE S50
BAECH De WFHIZL T KK H®IXIBA £78< . toliation O
Hige~N7s b BEOERIERAHVWLNR S,

COREIZ. FOE 2 L Palais [9]izk 5 & BEfER Lie B &
THELE, GOMADIERH LG D Lie b X (MAD Lie BOEEHIX
153 1 IZXIET Bo | 2MAGHETRDORIZ—RILI NS,

3. Lie D F A~ D locally free HVERBELET D& 6%
K ko

yiE o h— i toliation OEIEO—D> ODEEALEHTH 5o non
—trivial ABI2EBHE &0, LREFUEXMHALRBTRDOTEIHATED
P 2 B bhB o |

X BR ®
1. aAdams: Vector fields on spheres, Ann, of Math., 75 (1962)
603 — 632
2. Bredon —Kosinski : Vector fields on n-:manifolds, Ann,
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3. Lema : Commuting vector fields om S°, Ann. of Math., 81

(1965), 70 — 81

<4 MEBE= ! ZHKREAF. EEE . (1965)

945. Milnor : Topology from the differeutiable Viewpoint,
The Univ. Press of Virginia (1965)

. 6. Milnor : Lectures on characteristic classes, Princeton
Univ.,, (1957)

A Milnor : Ditterential Topology, Princeton, (1958)

8. Nomizu : Lie groups and ditferential geometry, Publ.
Math. Soc., Japan (1956)

9. Palais :© A global formulation of The Lie theory of tran-
sformation groups. Memoirs of Amer. Math. Soc. No. 22
(1957)

10. Rosenberg ! A generalization of Morse — Smale inequalit-
ies» Bull, Amer. Math. Soc. 70 (1964). 422 — 427

11. Rosenberg : The rank of S2 X 81, Amer.» J .of Math, 87
(1965) 11 — 24

12. Rosenberg : Action ot R™ on manitolds, Inventiones
mathematicae, 1 (1966)

13. Smale : Morse inedualities tor a dynamical system.,
Bull. Amer. Math. Soc., 66 (1960). 43 — 49

*14. Steemrod : The topology of tibre bundles, Princeton
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15. Sutherland : Fibre homotopy equivalence and vector
fields, Proc. London Math. Soc.(3) 15 (1945), 543 — 556
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Novikov — Browder ) BEzg X Surgery [E#EIZDUW T

X B B F (KEX)

-

Browder 132&% % space #% closed smooth manitold & [& U homotopy
type ZEORB OLEF+AEHEL XD ((1]) . Novikov iz [12] 2T,
homotopy equivalent 7t 1 — connected closed smooth oriented

manifolds @ (orientation preserving) difteomorphism }¥%%E
2 ¥ Llko

geg iz (10 (Th. 1.
(10] @ Th. 2. FTCOEM% Lashot |3 £ —cobordism, t —modific-

Th. 2. Theorem) {=& »C&bRh3, (1] B

ation EWSHAYBATHZ L1V, b —amzEHL (7)) .
Wall |t nornal bundle DK% metastable range Z#iHE L., FEiZ

OW — pair (X.Y) ® bounded manifold (M.O0M) (ZXkBAEHEXEZ ¥

L (118]) o
b ORIzt @A E AN ERIZ spherical moditication TH -

F@ idea i2d B4 (M. M. X. Y. £) [(M.dM) manifold, (X.Y)
CW — pair, t:(M.dM) — (X.Y) mopping JizXxL T, spherical
modification{z X T (M.f) #%Z %, M® extra homology % xill
L, f % homotopy equivalence izFTLESIENIZT ETHDo ()
T Z Tk Lashot, Wall OB MAL., L DOH D surgery FIED HH

ZHBHBI-HMhTA A ET,

§ 1. Def. X(1—connected. finite CW — complex) HRKRD2ODS

BxH%T L&, n—&k5T Browder space W5,
ity 2T, ie. Hy (X< 2T ¢, #%® generator &§5 &, 5 ¢,

. ’
1) Poincare dual-

tH (X S Hn__i(X), Vi, 2) X Fo oriented vector bundle

£S MAELE L. £ @ Thom complex % T(ES), ¢ 1H (X— H_, (T(£%))

—_21—



% Thom FBEMHETHE r = 6(g,) i3 spherical,

\

1 — connected closed smooth manifold i& Browder space
THbDo

O n:im, g

A=h~ 1 (@) tFThif . A=finitexs

(T(ES))=—Hpg (T (£ 8)) % Hurewicz map.

Def. @ (M. v) #8 £ —manifold S ¥ i3 M — X O mapping T M 7))
stable normal bundle V M = *(fs ® e, @2om0t—
manitolds (M, ¥,)» (M, v,) 2% f—cobordant &i, f—manifold
(W V) MEELT OW=M{(—M), v |M; =V, BBLE

CHIZEMEBEMHR T R IC closed t—manifolds %L - classes
o4ty xP 2 T5H5L, Fhid group ik Y, HB D Thom D cobordism
DXSiz

sere s XD lim 7 o (TCESD 7)) = oa, (TESD ™))

it m>n,

BIRIL Do HFIZ

lemma : @eA{XfLTH f—manifold(My vg) 3EO, vy iMg
> Xt degree 1 Izt B, BL IZKIETHEED 29513, t— cobo-
rdant.,

XT, A= {2ea; 3(1@’1/0‘) ; vy, ! M—> X homotopy eq.} &%
< &,

pcits: - ( Browder — Novikov)

n—odd (=5), &BWik n=14k(=5) T € ® dual & 1z2WT

Hi rzebrych @ Index Theorem ie I[X] =< Lk(;1 L .;k). 8x>
RELoLE A=A (%6).

R-T. 8=, (1] ® Th.1, Th.2 Bt [10] @ Th.1 OFIFELINZ
bo
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X, X n—dim closed . manifold DL

, - .

n=4k+2 {ZxLTIX, A= A or 784 (KEnizk»TDH&E3)
Novikov IR D#k/x manifolds @ tamily F={M}} ;

M? ! 1 —connected, oriented, closed, smooth, dim n = 5 T

) n

MM v (M) = f*vm(M;l) s fHL Vv, k4 &4 stable normal
dundle. (m=n+3)

h.e of degree 1 v

ZHETOOEREZ L ko

KX orientation preserving diffeomorphism MEZET S
DOVERHTH 5o W=, RHEHNOH5R M x 87yl x g™
M2 x p¥ = M} x D M x sFxd M} X D (+HKE Ak zHL
T) 7% degree 1 (@ diftfeomorphisms B{FET S & &4 Mazur.,
Smale, IZX VHLRTWAA, M; M BHRLFLS ditfeomorphio
TRNWZ &d Milnor IZX O FIEEIR TS,

Novikovizkhig. FEORE MJ %L 0, (My, vV (MD) @ £ —

cobordism theory #%3% % &,

o ¥ _

~ n
<‘1T1'9 ACAC Ttm (T (V(M$)) )

MBT Ltibh e BIZROEBBHIO,
EEI. (Novikov)
(M7 v)e (M3 v,) BEL @ e R =35 LT3 A b g, Milnor
Sphere SPE 60 (3n) MHEZLEL T
M?:‘dMﬂ’#'§n (diffeomorphid TH3,
BiZn evenp 2 2R MITIME . 2O~ ISHE LTROEBAE bR 5.
TR . Mfk' Mgk % (k—1)— connected closed oriented
smooth 2k XXJE (k> 2) manifolds & L, h : M; — M, homotopy

equivalence & - T. Vm(M1) = héié Vm(MZ) (m > 2k) &b,



~ 2k ) ~
My RAM #STT T My T M,

LBLETI3 stable normal bundle Vm(Mn)' (n=n+3) BNEZ2H
AT, Wall | meta stable range {ZHEEEL %o
CERN

1Y n>4

nx 2 (mod4) 2m>n42 TEHEHI 3K IEH, HEiz
2y 4 P 2m>nt+3 CTEB I 2RO,
iz boundary DOd B ELS

Det.

(x.9x%.2 €Y @)y »B.I.8. &k

/s

< (X.9X) tinite CW—pair € X.0X l33tiz conn, 1—conn,
. i . ~ P

Z, H'(X,G) = Hn_i(x,dX,G)
. 12 23 [ >~ .

z, ¢ H(X9X;6) 5 H _ ,(X;0)

N N .
@ e TCu, ((T(E)  T(E7) |g54) T
h (@)= &(2)

z € Hn(x,dx) I3 isomorphisms OERZTT, i.e,

tor Vi, Ve 7—~ it

N
O #i (Mn. oM, z, VN(M)' c)
M": smooth manitold with boundary 9M
z . fundamental class
c Thom construction {ZX 3 collapsing map
Det.

homotopy equivalence f:(M oM) — (X.9X) #d »T,
m=1tXeN ro=cprx. MRZTOB.I.s.

PEHTHENWS,
EE!;IV (Wall) .

1Y n=5

2N>n+2 {HL n=5 & &z dxX iZd & d & closed
smooth manifold ¢H ¢ THIT, 8D B.I1.8. i manifold
Mic DNYR iy 0 EBIh B, '
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2) n=46 2N >n+3 => % d pair (DN_HI.MH) i unique up to

diffeomorphism

2. FEBH O Beg

Det, f —moditication

embedding ¢ : ° X D! > M® (p+q+1=n) (zX% ., spherical
modification {zX »TX b5 manitold % M oETaE MM R
cobordant T & 545, 4l M. M’ #3 £ —modification ¢(p.q) %

t —modification W35,

Evh=2 $(SPX0) ®FEH T M O homology class ¥ x LT 5 &%,
spherical moditication {ZX V&L S * X s p&EbHT M ® homo-

logy class % x” &L xz x/ &h< o

(Th. ). QeA(xd) XL, £— maniftold (M%, ¥) © v : M > X

deg 1 D NHPH B K = ker Vet Hp(M) - Hp(X) &< &, deg

p
v=1 119 Kp 1 Hp DEMAF LK., D {Kp} D sz Poincare’
duality'O)Z;:‘) oz bbb, o T t—modification{Z X o T,
P= [%] D Kp 3T kill §4f v i homotopy equivalence

ZARY (Miv) i3 (X€65) #ERT A

£
1) Ki:o i<p — Kpa X spheical
n
2) p<-4 or 2<vp :-—2— —> 33}‘3 . x%#Fb T embedded sphere
3) p<% — 8P4 trivial normal vbundle v_
i )
_n N
(p= — vx@ & = trivial)

— 25—



4)y @& t —modification HAEET

i) p< EJ %&b K (M)

il

Ki(M) i <P
Kp(M’ )= Kp(M)/(X)

i px 0 n,(M) =0 - 7:1(M’) =0 1 % subgroup

i p= 10 T (M) = 7w (M) (@ 3x75 subgr.)

#€ » T inductive {Z

5) K, =0 »<[z] &TE3,

6) middle RIE# T DIx Kervaire —Milnor & analogous /L&
WTHEINDe

(6—1) n=2k+1D&¢g&, K, =0 <K, Kk%kill‘é’“:h,bilb\

13
’

® K, xﬁ x/ K, &T5%¢&

KI N /

k/ 7y Mmoo x free fxb x =20
(x

) =
iz
@ K, R%® Torsion T ¥ ¢ reduce T& 5.
® kx=02)pka
t —modification $(k.k) id K, (M) @ Betti number %
Z50
S K O rank >0, D&Y x’ infinite

/
0 -2 —>Kk’—>Kk/(x,) — 0, exact &7V

Lo

1 > x’

’

®. @ Torsion group T’ It Kk/
Kk g P (X’)

T < K, =T ( <% order A/NDEK)

~ mono {ZA %o

L@k v, KKBJ:‘) /NX U torsion group Iz &ML bNbo
#t-T, AREIT K, =0 LT&%o
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KX 0(2)Q& &3 linking number ## T, 3 HLF I & — b
#Him CAEAZIN B,
(6=i1) n=4kDL& K, KiIFR-TW3.
® Index Theorem I[(X]=<, >k¥© I(Ky) =0
® sz free <« (v deg 1, universal, coefficient Th,
o)
®-T
®- {Ai,ﬂj} symplectic basis for K,,
Risd; =0 R,em =08,
( * |3 intersection mpumber),
BEETHH, ho,
| sik i trivial normal bundle #$OZ LHBUNZ 5.
@ ;% kiil T5L5 f—modification T&T, TDLZ
gv Vo :|,

i B

Rp by BEREZEL Ky = 2 [ e
@ ﬁo.—c K2k=0 ‘:vc.géo

(Th. 1.
M, M, DNz retract cobordism, r : wo ! - M,
TiMp ¢ My, > M; homotopy equiv, #3d »T. W.M, ® normal
bundles |3 My @B mb induce Ih B,

My i2&% f —theory #%F %, Tn. | &EUL. BL 0W = MUM, iz

hak 5 W—0W (= f —moditication R4V, [n_ij DRI X T
Kill T& 5, |
nevendD&E& rid h,e i2F¥FTTR. T Smale =1k © M1:dM2'
n odd (= 2k+1) D& %, Hy 44 (W.M,) @ generator #¥#*b7 7
sphere /LR 3 handle body ® boundary & LT ST 0E3,
(Wall : #&m)



§3. HEtTirr e =0, smooth DBPAREL LA TWAL, TOH, %
0% P.L. 0SB HRIN, X (.8.) DBA (p.1) #HEDHT embedd~
ing ® Hauptvermutung QMFED EXZ OB TW3, TAhDIDEXHIFH &

® Browder : Embedding 1—conn. manifolds

® . ! Manifolds with m, =Z .
® Wall ! Surgery of non — simply comneCted manifolds
@® Browder ) . )

}: surgery on P.L.manitold and applications

Hirsch
® J.B.wagoner : C°° and P.L. surgery

® 7 . Producing PL—homeo by surgery.

@TiZ Poincare duality #{% 3 finite 1—connected ioolyhed*
ron % codim k=1 or > 2 &% % manitold W @ submanif.old &
LTERTHZ Lo RUOHBIZ XA smooth D& &, iz imbed TH3 T &
NEZDNRTNS,

@m =2 QL&D N—B —WOHEEXEZ TS,

w, = 0 D&&i2 Whitney embedding theorem, Hurewicg
theorem 7/ ¥ %< DLXMEH surgery #EEIZLTWT, LiIFLiIF v %
h.e. IZETCEAhko LIl ¥ 0 DLERNWANS RMEMNESD. {H
Lz, X 00t&RH5EHRT 7, =0 OL &I reduce Th, WHAXH
HxoFT N -—Br DERFEFEER, NOEEI © analogy 312 5. &R
X P.L. THMILDe

® #IziE m, = Z, OFHESDHFRIL homotopy projective space
®D dittfeomorphism SEAILHINBES 5,

@ N—Br—W ®D P.L. analogy

X,

N=B, CTRTABNW=—271> FEMOFTEL., YOBMOFRT
moditication ZRANLMIEIZL Tk - #2083, Wall I closed case
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i3 fixed sphere S*, relative case |3 fixed manitold HTOD
modification W3 T &AED.

®cr, Thz—®ILL,

(X.9X) CW—pair with bundle £ {ZXiL

(W,0W) compact manifold

(V,0V) > (E(€), E(6)|0X) # open subpair & LTHIL space.

£ (W.0W) = (V,0V)
FEZ, MO = (£(X), £ (9X)) EHNT. £4& (X:0X) T
t—reg /x h.e. (2% T deform T BT ¢BEZLNATWD,

‘@ T, @ surgery technique # P.L manifold iZs@fHX N,
t @ (M,9M) — (X,0X)h.e. % (= PL nomeo {Z%¥ T detorm ¢ 5jAEIZ
ISEXINTW3 (Hauptvermutung), Zh & iz EIZ D. Sullivan
® Hauptvermutumg ~DIGHIDH %

flslz N—B_. 2052 &TRAWA surgery BHi-8L /X Reinhart,
Mielke X DA E Y., TOFER, FLXVWHARME, REOHRFCT
&x>5TTo
(F) Browder i3 @® ® method #, 1 —connected manifolds O

difteomorphism ® pseudo — isotopy classes @D group DR

RIZEBLELE. (4D

& £ T R
E1:| W.Browder . Homotopy type of difterentiable manifolds

Colloguium onh Alg. Top. (Aarhus) 1962,

[2] 7 . Embedding 1—connected manifolds. Bull,
of. A.M.S. (66)
(3] % ! Manifolds with m, = Z, Bull. of. A.M,S. (66)
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(4]
(5]
. (6]
(7]
(8]
(73

(10

o
(12)
(18]
(1)
()

(163

W.Browder : Diffeomorphisms ot 1—conn, manitolds,
. Trans. 67. 7H

Browder and Hirsch : Surgery on Ph—manifolds and
applications, Bull. of A M. S. (66)

Kervaire —Milnor : Groups of homotopy spheres I.

Lashot : Some theorems of Browder and Novikov on
homotopy equivalent manifolds. Lecture
note Cicago.U.

Mielke M.V, . Generalized modifications and cobounding
manifolds. J. of M. Mech. 15 (66)

Milnonor : A procedure for killing homotopy groups of
ditfferentiable manitolds.

Novikov. S.P. : Difteomorphisms of simply connected
manifolds., A.M.S. Translations (Soviet
Math). (62)

2 : Some properties ot manitolds of dim
(4k+2). A.M.S. Translations. (63)
% : Homotopically equiv, smooth manifolds

[. A.M.8.T. (64)

Reinhart, B.L . : Vector cobordism and surgery. Mo scow
congress (66)

Sasao.S. . An exampli for the Theoren of W, Browder.
I. ot M.8.J. 17 (65).

gicks, .L. : Trace Bending and spherical modifications.
J. ot Mech. (66).

Wagoner,J.B, : Smooth and PL surgery. Bull. ot A.M.S.

‘ (67)



(7

(18]

(9]

[20]

Wagoner, J.B. : Producing PL—homes. by surgery. Bull.
0t A.M.S. (67)
Wall, C.T.C. : An extension of results ot Novikov and

Browder. A.J.of M. (66)

N

Surgery of non — simply conn. manifolds.
Ann ., of M. (664).
Wong Yuen—fat : A theorem on homotopy equivalent

(2xk+1) —manitolds. Proc. A.M.S. 16 (45).
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O, 2— spheres in 4—manifolds

# K B — (X

(£ M kv, SARSYI K. FEMF SRk PL 4 —nanifold
M L, 2ORE M 1= subcomplex & LT embed INTWB, HFH
N 2—sphere fs? W& RL. t %% ® PL embedding &3 5%,

TpE&, £O local singularity Z2IRDOLSIZEKT %o

dxe 82 @ M* 1% 45 olosed star neighborhood # N &35 &,
FOHERON (N Lb#L) 1k, M »OBFHEI N FBAED 3—sphere
<. £ on i, fs® mBHBIN LS MY FED 1—sphere THBo
(fsznaNCdN) @ (oriented) knot type (k (x)&id ) é, t DX
(Z#F5 singularity &W o

k(x) 2% trivial type ®&&. £s” i3 x T locally tlat TH5H &
W, F5CHINEE x T locally knotted THHEWS0 TDLELTDRT

locally rlat @& &, fS2 13X locally flat TH5B &S,

() —# o PL — embedding {ZB89 5 local singularity {ZDWT

i1, (2] (5] (6] % Combinatorial Topology DX % ZMo

RDIEEREL T 5o

<mE1> vty mwne, s @, K x, - x, T locally

knotted &L, £ singularities & k(x,) = k(xn) ¢ 950

+5EKRDL 5%k enbedding ¢ :8°C M MEET B,

(n 235?11k, M— v ¢ locally hnotted T, £® singularity i3

(D £=~¢ (£ 9rM Tisotopic TH%Bo )

(B53F) M4 2-—EELHEAL (f£->T£523) . x1, . xn k8
polygonal tree T %fS"'2 iz & 5, TOM41Z28IFTA star
neighborhood N # & hif, N X 4—cell T, aNNfs?C N 1z k(x,)
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R + k(x,) % represent §% knot THbo NO—Rv & 9 NN

fs? # join +3 &, NIZH LW 2—cell v ¥ (N NTs?) mci 5.

95?2 = vx(annts?y U (£fs? — (N Nfs?))c M LE®d B kg
f=~ ¢ RHEAL»M. »
(&) e—isotopyizk ¥, f % locally flat embedding iz T&5
212D T3, obstruction theory Ak 5, (2] [6] #&R,

Ed e g? % closed surtace M2 Bz Td, COHBIREY

Do

cze. (£s2:8Y) (fs?i R &, £57:BY) %, fs® m—go
locally kenotted THB L5374 LTH L, £D singularity i,
W d slice knot type TH Y. F /i slice knot type IZBEA Z &
5B (2], (B ®FEAIZ}, locally flat embedding g :
s?c st (or R BY mEE LT, X ¢ LAhB.) EzT. 8%,
Me—& T locally kemotted Td 5k 5= s2 X 82, PC(2) IZ embed-
ding LAzt &. £ O singularity & LT, ¥ A7 knot type AHHAT
AR AN RN
RHBEL D LDo

<%EH1> {EFD kont type k (zF L., ThxH—A® local singul-
arity & LTHo o (fs?; 8% xs?) iFET 3,
(B RC)

s? 1z 2—cell D% WU RAT (i=1,2), s2Xs O

N=D, X Do &% 4—cell ¥EH5Bo IN=8" (=, 5z bhik knot

type k D representative 1—sphere >t LB &:517&_[8](:
O, xOREEBEY (1) 2T5L, I RREOLS A@EERz L
HT LAHEDB. (BB, n+ 1{HD unknotted circles Cy GOy -

C, MEOESIz link L, Cq & C; (i=1,~,n) LREWIXXLA



WHEWFF B, TRIEN S )

LTz BT Cy,0y, " Cy

=13, BB (82X 8=
¢ disjoint {z locally

flat 2—cells C5, CF

ol mELhBEMD, ()

%, aN=nD2 XDZUDFX
ot =1 X8, s; XD L
DHT, Cy % DfXSZ'CL - = p2 X D2
. Oy % S XDy DFIZA
nTELBEIW . 5z
i3 (8% x 82— N) T loca-
lly. flat 2—cell
chUB, UciUB,U
= UPa U %

BEEND o — K NIz —HA&

» WEK, join v¥ I % By
VED &L 2— cell b,
SZXS2 Oz 2—sphere

2= (ox 3Dy (GGUB,UCU B,U = By cZ)

sk, 52 | 3—pA 0T locally knotted T, % ® singularity Bk

THbdo

)  (ky, - Kp) % knot type @ collection &35 &, knot @
AMO—FER ABATHIE. (k, -~ k;) % local singularities
rLTHES 3t (£s2; 82 Xs?) nEETHZ Lb BB,
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KizpC(DizoWTEE TS,
PCc (NC PC(2) ® tubular neighborhood # U & T35 &. PC(2) =
uUB* 5. fBL, B 1z 4—cell,

p:U — pc (1) = g2

% normal projection ¢35 &. & x € PC (1) (:o},\f P__1 (x) 1%
2—cell (Zh# D2 (x) &) &74Bo T T 0U & 3—sphere T,
p|dU 1’k s° > s? ® Hopt tibration T& 5o

=1 Xy, X, € PC(H,' Xy ¥ X, 22T,

v '(x) N b ix,) = DP(x,) N Di(x,) = 8

p%(x,) U DX (x,)C ou = s°
MO Do ETHT HY(PC (2) 5 2) = z DERTE 7 T35 L,
¥ er=1 (homology intersection number) ¢, PC(2) ® 2—sph-

ere D (DU (% 132(x))' ({BL ? i3 B4 DE) » M7r D represen-

tation 2/ B & &b, D' (x,) & DZ(x,) ik du=98"=3s% ¢

homological !Z—& link LTW3% (H&8R),

T PO(NIZR x,, ~ x, ®&9, DX(x,) = D(x,) 25,
IRD nfEd 2—cell % 0U= 0B OHTHENIZRL AWNENE
By, =, Bpq TR, DY(x,) UB,UD (x) U B, U~ By U

D%(x,) M, —o® 2—ocell 1=k 5k 31275 (Zh#D&#) Bz
—H o ®EY, vk DHEMEHE 2~cell T, PC(2) OHIZ 2—sphere

3> =Dy (v%¥D)
BRHES 32 iT—& v T locally knotted T, %@ singularity
2, TREMNDL, TXTOB Y& 1D knot =, FA—KIZ, (n, n+1)

D torus knot iz DB S,



B(x,) D(x,) Bix,) D(x,)

B(xs)

ERRBEZL D o
<ER2> X (fSZ; PC(2)) OM—&H D singularity &L T,
(i) 3+ XT® slice knot
() (n, n+1) BOTXTD torus knot
(i) 122 X% 10T <TD knot
BHHRBIGETH Do
Bz locally knotted 2—sphere O regular neighborhood
ZDOWNWT—D2DELZITIL S0
(fs?: vh) =%, M—Ay e fs? ¢ locally knotted T, %O
singularity # k(y) t&5 wel. N(fs?su*) & fs? o regular

neighborhood &35, KA O WL Do

<EH3>
(M
:81'...’ Su’ m' e.
7 (ON(Es? M) = | B
Pry = =rgoy =1
'm=m(S1' = S,)
/
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3:2(81"“'811) J

mX£=1

BL, &mKE s1, S, BRKXr, =-=r_,=11% knot k(¥
@D knot group ¥EHL, m, £ I1X& 4 knot k(y)@ meridian,
longitude T&H Y., x I3 ¥ (fSZ;M4) D RBuler number T&H B,

(W& 7 ) |

v R —EELEAL (RoT s b)) . yo M £5% 1mx0 5
star neighborhoods 4 4 N(y;lvf“) , N(ys fs’z) T 5
oON(y; fSIZ)C ON(v; M'4) 2 k(y) % represent §5 knot TH B
p=of (£3%? = N(v: £§2)) 1z, locally flat 2—cell ¢, [5) -

i)
., f4 , 2, _ 2 1
ON(P:;M') = 9 (PXD“) = 8P XD UPXS
= ON(y; fs?) X DZUPXS1°

-5
N (fs?; M%)
_ . 4 . L S L .’4 R
= cf {ON(y:M YU IN(PiM )~ aN(y: M HNoN(P; M)}
oo 7
= o {oN(yiM*) —on(y; T8 )x D%} |J og{an(PiN*)— 0P XD}
4 ’

= ce{aN(yiM"‘)—b‘N(y:fsz)XDz}Usz
Eoancl {ON(yiM*) —on(y: £52)XD%} 12, knot aN(y; £82)
D regular neighborhood JN(v; fSIZ) X D? @ complement Thb

2b,
; .\ f4 .fd2 2
m, (0l {ON(y;M") — aN(y;fs®) X D)
=z, (ON(y; MY — aN(y: fs?) §

2181’...‘Su;r1:...—_—r :1'



{fEL, |8y, , Syt Iy == T y—1| 13 knot k (y) D knot group.

7t1(P><S1)='z

rrne (9] pp.177 satz 1 2kb. c2{dN(y:M*) — IN(y; £s9)
x 02} () pxs' & og{on(y:M*) — on(y:fs?) X D* > Px s’
=s'xs' b, 7, (AN(EST M) Bn@BR B, s xs' @b
RBFLWEMERY n°¢ = 1 ©H 5. EHKY,

(#) PL @ Euler number (zoW<Tik., [5] [7] #&K.

<#l> ( fs?; rH T, FDHE— D singularity # square knot o

%80
® {~ square knot (&

v
R
H Z M) % represent 75
3 1—sphere 3! %{&‘j,
0/ 4
/ H, O—KR? &® join
o1
/ v¥ 2 %EDo
// square knot }(d slice
\/\/ : knot fiﬁ:?), 2'1 7 Hi

+ &

joy)

¢ locally flat % 2-—
cell c? % bound T H,
= (vxsHycd

13, r? D ® 2—sphere T, —f& v ¢ locally knotted THOV., &
82818';1 85818_;1 @ singularity |3 squ-
are knot T#H Ho
FE3 1zkv, 2 0
R4 {5 regular
meighborhood N {ZDW

T. 7 (ON) 25 ET 5,




square knot D knot group G i3

G=18,,5,,8; 845;8; = 5,88, 8,8;8; = §45,8; |
—1 L ot =1 —1 —1
2. m=8, £=5,'8,8,S, S; 8,5, '8, 85 8,

(R = 0B x=0 283, fEo7T.
\
AEBIT ¢ S, 8, 8;

w, (ON) = (BEGRR : §,8,8, = 82848,, 84858, = 8;8,8;,

—1 —1 —1 -1 —1 _
Sz 84838, 8, 'S, 8, S, Sz8, =1

/
TZT, my(ON) ;v b, SKRAHE S, ~. i #
h(s,)) = (1, 2)
h(8,) = (1, 3)
h(S;) = (2, 3)

LEDBD L, niX onto homomorphism &7 6, - 8, %% non —abelian

THd o Emb, oN s?xs! &z homeomorphic THWZ &34 5,

X B
[1:| R.H.Fox, On the complementary domains of a certain
pair of inequivalent knots., Indag. Math., 14 (1952),
37 — 40,
(2] R.H.Fox, and J,W.Milnor, Singularities of 2 —spheres

in 4 —space and cobordism of knots. Osaka J. Math,,

3 (1966), 257 — 267,
[3] M.A,Kervaire and J,W.Milnor, On 2 —spheres in 4 —mani -

tolds, Proc. Nat, Acad. Sci.,» U.S.A. 47 (1961),
1651 — 1657,
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[4] J.F.P.Hudson and E.C.Zeeman. On regular neighborhoods,
Proc. London Math, Soc..» 14 (1964), 719 — 745,

[5] H.Noguchi,» A classification ot orientable surfaces in
4 —space, Proc. Japan Acad.:. 39 (1963), 422 — 423,

(6] -, Obstructions to locally flat embeddings of
combinatorial manitolds. Topology, 5 (1%966), 203 —
213,

(7] R.Takase, Note on Orientable surfaces in 4— space»
Proc . Japan Acad,, 39 (1963), 424,

(8] HMFEZE, &5% 196 4E§%§%§éﬂﬂ%%ﬁo (B o,
HERE 1964F11858HK) o

[9] H.Seitert and W.Threlfall, Lehrbuch der Topologie,
Leipzig (1934),

. [10] E.C.Zeeman? Seminar on Combinatorial Topology,

Institut des Hautes Etudes Scientitlques. 1963
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A Construction of a transverse k— plane field
~NoK — E O @®EFK)

- D®WICiE Buclidean (n+k) — space ROTE oz sl 0&é
DTFT imbed XM/ compact topological n—manitold M® =4k
local {Z transverse k—plane field #V.T., RiZZt h#% M2 Lotk

KTDHBDTHD o

8§ 1. Notation and Definition.

¢, % R OO EA%ES k—plane DRELT B, x,y % RETE
DHD non—zero vectors &F5H L& A(x.y) T x &y DATAYRT.
Qe b, ,D&& 2(x:Q) R x &LXhD QD orthogonal projection
EDEET B, BL x A Q Iz orthogonal 8RR @ (x.Q) :% T3,

PsGi']_' Qe G, ., i+ =k+an ISk DEx 2(P,Q) 1T

@(P,Q) = max{®(x.Q)| Uxx e P} LEHET Do

PeG, . r>0 Dt

N(P.r) ={Qe0y | ¢(QP)<T1} &T5h,

X, v % gR°T

K D subset DELEXXYTX E YD join #7F7F Z 74
simplex A @ barycenter L St (AK) i2 A @ complex K {ZRI}3

closed star &9 5,

radius r (A)= minimum distance from A to 9A

diameter d (A= longest edge of A.

rpA)

0 =30

A @D thickness &5,

K’ % complex K @ first barycentric subdivisicn &3 5%,
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d %% @D euclidean metric & LA L&
U, (D= {yeR | atxy) <7} ¢T3

Rz TIREZEH B WY nanitold X compact &§ 5,
CE#EL (M, W) (i=1.2) 2 R"F O®m® n—, (n+k) —monit-
old pairs &9 5. TODLE (M, W,) & (M, W,) #% ambient isoto-

pic kit fg=1id, £, | (M, W;) = (Mz,WZ) /tb level preserving

z homeo. FiRETEX T —» R X 1 mEET B L TH B, AL,
F(x:t) = £, (x), I=[0,1]&F5, - ad(t,(¥,x) <e¢ DL
F % ambient € =isotopy &W 3,

€##2. My : topological n—manifold

¢ . MIUl — Rn+k % topological imbedding & 3§ 5
CDEERDEEL 6 >0 BFELETHAKH ¢ ik locally ball imbedding
L, Bb Vo, <0 LT Uy, (0N M (xeM=$(My)) A vopo-
logical n—ball, Z® § % locally ball imbedding imbedding

CETIEH LN S,

E&S3 ¢ My —>Rn+k % const. 0 #% o loc, ball imbedding
T ho ROBE ¢ >0 FEETH & ¢ % locally combinatorial
imbedding &W 5, % top. ball pair (Uy (x)N M, Uy (x)) A3

n+k) -

combinatorial ball pair (Cn, C ambient €¢-—isotopic T

Y. | .. . .
HBo 2T (c?, Cn+“) % Rn+K D H5H simpticial division @

subcomplex (M o TWnB, ZDE&(J,€) & loc, comb, imbedding

(=BT 5% constant &35,

n+k

E#4. M#% constant (§.¢) b »TR™ " iZ locally combinat-

orial (= imbed ®h & top. n—manifold &F 5, T5& Mid {Us(xi)

ﬂM} i£1 (xieM) T cover & (Ua(xi)U M, Ua(xi)) 12 combin-
n+k

atorial ball pair (Cj C} ©) I ¢—isotopic ThBo
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6 (055 = min 0 (AT ¢ (RYTE) = min 9 (T 15,
pechtE 1< i<N

2% 5. top. manitold M™ 23 R¥TK (= imbed SAhTW3:7T 3,

PC (% xe¢ M% B3 k—plane &35, 2D, & P ()28 x T Mz
transverse C& 5 &1t HW(X)C M, 0<r<‘”/2 4

@(0y,PX(x)) >7 for any y,»y+0y e W(x), dyx0 KBz &T

HB. X transverse k—plane tield over M &iZ cont ., map

M — G, TH P (M Mz transverse KDDL THBo

F & 6. Pk(x)é xeéM %% transverse k—plane & LAk & &
a’(Pk(x). St(x.K)) = min{d(Pk(x), P(o)) ; 0 St(x,K),dima—_—n}

35, BL P(0)i2 0 (zfRk>-THREE NS n—plane,

EH1 ¢ 1M, — Rn+k 8% const.(d,€) #3 o7 locally

EH'k) =7

combinatorial H-> locally tlat /¢ imbedding &L @ (R
for some ¥ >0 /tH local transverse k—plane field p,0; >
G, o ¥HD M tinite open covering {v;} BnEET S,

FTE2. {U;} i£1 EH 1 TcEBbNAE MO finite open covering
T, c0e& U, NU; ¢ KBEENU; U; #EFD v, y+oyeU,;
z, 2+0z € Uj, dyvx0,0zx%x0, xc¢ UiﬂUj =t L d(t)‘y'svi(x)) >7;,
@8z 9; (0)>71;, &FTBo L T, +7;, > 7, 7,>0 B2y,

P, (z)eN(P” ,”/2 ) tfor some Pij € Gy b Mt g}obal trans-

j
verse k—plane tield ¢ : M — G, &b,

§ 2. Lemmata
Lemma O. 7 2% min h(t)%# 5% % n—simplex A & tirst baryce-
ntric subdivision ® n—simplex T&H Y., h(= d(v,P(0) T35,
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T TtT=v¥XoT vk T vertex 0 X v @O opposite face £ B,
T35 & v iz A Dvertex T,

[(1Jiz&® comb, n—manifold M #3 g

“C smoothable position
= % LXK Okk/L PL—homeo, ®; BFEETHZ &L THDo M= |K]|,
RAME = |L| 4L K12 L @ full subcomplex T&H5 &L THL, ®; 3 M;
- ON(K; L)) 0isk—1, ZZTMy=M, M; =0, ,(M_,)
(1=isk) |K;| =M

’ <
lLiI =6N(Ki_ L

1, i_1)'

i
. ’ ’ . .

Q, = w0, , -~ g, aN(Ki,_1'LL-_1)=W,; L & W, 12 combi-

natorial{n+k—i¢) —manitold, L x ¢ W, b x #EATW3 L,_,
D (n+k—i+1) —simplex ABHFLEL B =c¢NM,;_, 7% B8 OAIZH

(}% opposite face & T Ho A= v Xk - ¥v_ (g=n+k—i+1)&L

q

B = vy ¥k oo ¥ovg, 1=v Ko Kv, ET Do x DA BT HELE
Er(ag, J8g) L& y(xIeh, z(x)en 2ROBRELERY
bomET 5.

a a \ a a

o . ° O ceevee g\ (o 0 e+t .. a
e ) ’ e ’ ’ ’ ’ ’ ’ g ’ 1q
daj zaj ) Zaj 2a;
\ =0 i=0 ’ i=e+1 t=eg+1 ’

line y(:cTz_(;)  L; (x) &nl, ¢; @R W;iztransverse TH5 (1),
0% X W, EH, St(x,Li) DD (n+k—i) —simplex “C"d(ei
(x),st(x,Li))&Eifbe)é@&?éo LEx yE*0 XX Zx)¥ok
b (n+k—i+1 —simplex T35, ERBRAIZEETNRTWND,

n+k—it+2
2 (n+k—i+1)

- Lemma 1. sin & (Zi(x)'P(a)) >

6 )
Lemma 2. 7 % nmin r(rl% 5% 5 A @ tirst barycentric

ra)

subdivision @ n—simplex ¢§5& r (T)>'2(n+1)
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n+1

X oA DHD (n—1)—face KD r(0)= T A BIELY M Do

n
Lemma 3. 7,0 3 Leémma 2. ¢ EL & T3 &
g () > %—:i) g (o) > 3:—1 6 () MWEYILD.

Lemma 4. L =1L, OFE®D (n+k) —simplex (ZEAL T

(n+k+1)7r

dN=r>07%kbB sin d(Pk(x)’ st(x, L)) =
2k(n—l-1)k

T p¥ (x) 1% x ¢ My %38 % transverse k—plane

g2 : M2 - R®™ i3 1oc. rlat. locally comb, imbedding with
const, (F.e) Emb Vo, < 8 LT (Us, (¥) M, Uy (x) 2
standard combinatorial n— (u+k) —ball pair (c® ™) iz
e—isotopic TH5 [1] DR% boundary DHBHHEAHELAL (2,
Th.2Jiz X ® O (smoothable position OFHED My (2H%) i’ gt
‘¢ smoothable position({zHK BMnb C?{ 2 transverse k—plane
tiela 9X: 0F > 6 kb2, B 2t M0 MATHIE. B3 <,

mesh Lg

Z®L T d(cn’cn) < e, LiiKB, AL e, < >

4
K T&Kk

DFEF o n—simplex & T3, BEL |Kl = Orlzlc'

Lemma 5. d(52'P(x)) > Q>0 (XGCI];)’ Z2, 240672 ¢ St (x, K ),
for some Q b |0Z| = min(d—2(e+¢,) min n(r)) &H*k3,
fEL P(x)1x x #@®% transverse k—plame, (d,¢) } loc, comb,

imbedding ¢ : M, — R™"¥  constant

Lemma 6. EED x ¢ Us(2) N M= B (aeM) iz LT 2 (dz, ¢*(Qk
£, (x)) >Q>0, 2, Z2+0z ¢ st (Q t,(x) K Jz%x02,7T5:,18
L oty @=F(x 1), dL@M4k7,;>00nFELTQ-R>T1, &b
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¢ (x= 9. t, (®) cEHEINB cont, map ¢:B" - ok BT |
D transverse k—plane field TH Do

1 202 —4(erepn—(ere)’

2p(u—2(e+ey)) ’
p:min(5—2(€+61)’ min h(T)) THbdo
EH 1 DI

min d(dz’qo%ﬂkf1 (x))= min @ (pX Ot (x) Sty t (x) K) 2

Z+0z ¢ St (& t, (X).Kk) THDHND Lemma 4 (Z#K > T

- k+1
min,a(ﬁz,tp*ﬂkq(x)) > sin - (ntk+1)7 Thbo
: Zk(n+1')k
—1 +k+1)
siptREEF DT g r, kA 71, >0 NEETHHCHEL (,6),

2¥(n+1H¥
r %%~ Z Lemma b (k> T U, = Us(xi) (M 12 local vtransverse
k—plane field ¢,:U; =Gy , &2, 22T RI Lemma 6 &FHL.
{u,} #3i5kd 5 M @ tinite open covering THhdo

Lemma 7, W % R"

® open subset &L {Ui} % W @ countable loc-
ally tinite open covering &35 ¢,:U; — R B GRETH L
£, 5% 7>000LT le@—-9,(x | <7 (xeU,) KdRTERE

%9 :W—>REBEET S0

(3, p267] k9 local coordinate system
. 4 nk

> " - 1 (3
%uf%ﬂ‘]@UiUU}-(UinUf’ =L T ¢i(X),¢j(y‘eN(Pij, /2)

(eri'yer)le cont, maps
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. nk . nk

NEET D, £2C Lemma 7 b,

¢ (0= k;(x) KPij¢i(x)+ k; (x) Kpij 9, (x) (xeUUU;)
cEHINB cont. map ¢’in v,V - R BEET 3.
. , R I e

¢ij P UUT > Gy ’35¢,¢j (x) = KPij Pi; (x) cEHETH,

{Ui}i£1 YEEITCHLAALM D tinite open covering &L X v,

y+0y e U, NU; /LT @@y, ¢;(x) >71; @Y ¢, (x)>T1;
L7535,

3

CHLT e (a) ¢, (D)eN(P,; ") (aeU, beU ea, kb

i Fij k,n
Oy ¢, (x) > min (7, 7)) (%X y.y+0y ¢ U,NU; ) THoo
TZT ¢, RECEEIRAED Do
TEBE 2 DFE B

{U;} @ ¢ i2DWT @ indnction {z k¥ gbil_ »BEBRS cont, map
$iM > G MH 5 Lemma 8IZfR-T ¢ BIILAZ M ko transve -

rse k—plane field T& 5. F HE A&

Reference
(1] K.Kudo and H.Noguchi., A Geometric condition tor
smoothability of combinatorial manitolds, Kodai
Math, Sem, Rep. 1963 vol, 15 pp 239 — 244
(2] K.Kobayashi., A Geometric condition for smoothability

of bounded combinatorial manifold, to Appear,
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[3] J.H.C.Whitehead, Manitfold with transverse field in
ceuclidean space. Ann, of Math 73 (1961), pp 154 —

212,
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" Hiegher dimensional PL knot iZ-o\W\T”~

moE + &  (#EBAK)

DR ik 0BRME (-1, 1JonEREERbL. S7 2k standard PL
n—sphere (A%. D"V oA/ 0™ ) 2EbT. SR 2ky s° L PL
Mk SRtk (PL n—sphere) #FbTe (8™ 8™ 1zk 9 stamara
PL (n+k.n)—sphere pair (Hl%, (apiHkt!

HTo

C o' x 0¥ ) &

"Unknotting Problem”
PL (n+k, n) —sphere pair (8%, 3%) iz, s s x, (si?

’

g%y iz pair & LT PL AL TBHH ?
Zhizx L, ROBHILERBD 5 o

" Zeeman OF®E”, (12]

K= 3 zxtl, (821K 2% g (8™, s 1z PLEMTH Bo

k=1 DEEDZDMEMLIL. generalized PL schoentlies conject-
ure LEMET, nS2 O&EEABOERBIEHE LTS, LisL, 03
®kémﬁﬁﬁ%§nrmkho

k=2 DL&xiz, n=10DEATd., L
bk, classical knot @K HIH B,
rzw, (8%, 3 m (s s = PLAM
ThWnWE T35, DM suspension

ak (8% 2" %b = (8%, %) wE2B LT

5?2 12, a ZtXb¢. locally |Z knot LT

Wb, Blt, ad 22, Box s* 1261+ 5 link
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knot (85, 2') L Be cDTEMD, IX D 8* OFTONNES regu-
lar neighborhood U % & »Th. (U, %) & (s?x D%, s?x0% &
12 PLEIAE AD RN EMbh b, TR, PL embedding & differe-
ntiable embedding ® 1 ODHBEPIMELZRHLL TS, (HARKODWENR
ZR)

NS PIDOBEIEND, K 454K S5 codimension 2 D PL manifold. pair
=t L, W ® locally flat ( locally unknotted) DOHRHUEZERT S,

EFE . PL ( n+2, n) —manifold pair (W.M.) 23 locally flat &
2, MOEKA x 126 l, x O WiZiy5 PL AT B (B, Bl WO
subpolyhedron T. x DFEBHETH 5o ) MHHEEL T, (B, BIIM) A
(D22, p2x 0%) & PL E#4BL LB L& W5, &< (2, locally tflat
PL (N+2,n) — sphere pair ( Sn+2, 2%) % PL n—knot &MEse &

i, n= 2 O&t&, PL n—knot %, higher dimensional PL knot

ST LT B

® Product Neighborhood Tneorem”

pL n—knot (s%2, Z0) (=L . PL embedaing t:S®x D’ — s*t?
BREEL,
f(sPx0%) = " Ens,

COEEIR, n <3 praxik, AEez. HoO (8] [9] X OEHER
TWnde n= 5L, BHEX [(5]RWT, Levine O unknotting
Theorem [7) (#H) #EWERLEL 2o LL, Wall i, [12] T,
b\o’ctnt:ﬂb. locally flat PL (n+2,n) —manifold pair &
PL normal cell bundle #& o& & #FEBHL TS, PLy & Oz 23
homotopy FETH 5 L W KERDORER (KEROERER) ERTIE,
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Pal)) git2 DOFTO normal bundle O Euler class IZ{E2 3= &hb,
#H, 3% 12 s""? pri¢ trivial normal PL cell bundle, 2% ),
product neighborhood #doZ &izk b,

nx2PtExD, codimension 2 @ unknotting problem 3 R O¥T

BIFTWNn3

“Unkuotting Theorem

nx 2 k%, PL n—knot (S%%, 3%) st (P2, s?) & PL @A
ERBEDULEBTAREIIR. git? _ g0, g & H homotopy equivalent
LB, THDo

CDEHEIZ, n=10&&, Dehn ® Lemma DR ALATH Do n =
4 @& &, Levine [7 ]2 product neighborhood O HEEFEEL, i
HrEX ko Wall d [(13Jiz8 W T n =4 L CaEdBrY 5L 03, &,
(127, p.6, |22, €, n=3 CHEBLAELE>TWD, LHLAND,
n=20t&, RLTESEZrbhbil, MIIKDEHER) « O
BRIZLT, n %2, k=2 OEAD unknotting problem |3 —IfHHE Sin

FEE->TEvo 22 CHRAMEE K Do

) Main Problem *

WD, 2250 PL knot i3 PLEAEABZ N ?

unknotting problem R Z DEFHILHFHE T, £ D analogy ¢ ORIE
KEHRRLAWHEELZSORERTHS 5,

Bz, i< 12 unknotting theorem ~ reduce 95 & EBTELNY
D& oo o COWMBADOETE (#1Z, main theorem LIRS D) i2,
%2, unknotting theorem ~ reduce LCEBHINZE—oDHITH 50



+2
ZThEBR<BHZ. KO LIZEEL L 50 200 PL knot (5§
(s"t?, s™) 43 PL @A & A Bz, s°PP — 5, gPt?

n
, 2 ),
n .
— 8 A homotopy

R THIUI+HDTH B2 unknotting theorem i3z » T %, LHLAS BENL =5,

20@1»-,12: PL knot (s"*%, £%), (™7, I BEZbhrL s,

Sn+2 Sn e st — 22 &% homotopy IE.HEKB. D 250 PL knot

12 PLEIMAMNY S i Tnithe &< 12, Sn+2 — 3™ »% open manifold

EW3z & CHM LS ABo £2T, PL knot (%72, 3%) i=%L. 5% o0
git2 {Z3#{} 5 regular neighborhood U %% %5, #LTC, E= go+?
— U (U U interior) L&, PL knot (sPH%, %) o'y z@AT
% exterior &4, %Oj&g. regular neighlorhood U & (Sn+2,
%) @ PL MO TTO—#EEML, (572, 22) o PL MO+ O,
E @ PL @M O—FsHS5, DX 5= E i} PL knot ®—>) PL

invariant /4 3«

(HEE) UWhi/r3 E S PL knot @ exterior &/A&Y S 5mh&E>SHEE
MEREZ D Do = OMEOH Browder X HWAKNZEZ BTV,
i.ero w, (B)= 2 O#H4E, (1]. LT, M.Kervaire i&, knot ®
exterior E DEAM 71 (B Ln540BDOLB+2RBY n = 3 ZxL
Ez2Tnd, [6]. znbSNOZ Lz, BEI@MD K,

E# 3% 5% PL n— knot ® exterior & L., Kn Eizx®, E & PL lﬁ]ﬂ‘ﬁ-
7z exterior # 4 PL n—knot @ PL MMHMOLELYEDL T, #Kn (B)

< KPL EBIOTEOHEZEDLT o

“Main Theorem’

n2 20L&, #K. @S 2 CH5o
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COREIIn =2 Dr&, Gluck [3]. Theorem 15.2, (=X VEEH
EfNFe D=3 (WL T, Gluck ODFHEXLALTCHEBET 5. £DHIZ,
Gluck ® HIELA s® X s' ® PL BAH®D isot opy #¥% $H T, pseudo

— isotopy SMEXTTL D e

F#%: BEEAPEHL, PL(PZkY, P @ PL EHELKAESIZEL

Thi4T8»EDLT, trg ¢ PL(P) 43 pseudo — isotopic (W2 con-

cordant) XwwhbhdDid, k& PL(IXP), (I=[(0.1]), sSHELELT,
h(0.x) = (0, ¢ (x) .' h(1, x) =(1.4(x)) (xeP)

LB L& %S, Bz, lerel preserving OFKH : h({t} X P) =

{(t} XP, ( teI). BELINTWBLEE, t&#I13 isotopic &WW3e

pseudo — isotopy &5 BRI ERR T, PL(P)D pseudo — isotopy

class @Ak pseudo — isotopygroup #, (PL(P) %Ak T, (EEK

OFH L HBEIh AL, )

" Pundamental Theorem’

n = 2L, #o(PL(s™ X s = Z, + 2, + 2,

n=2@&&I1z, KEMIzZ Gluck (3], Theorem 5.1 TH 5o FHD
Z, e m (O, V= Z, (n22) WIEL, BYD Z, + 2, ik, "0
reflection & S' O reflection{zk V%M I B8 GT 50 Bro-
wder  n = 5zxl, (21 (1] OFEzL» TRABOERLB TS,
C O Fundamental theorem i%, n = 3 D &&, unknottine theorem
2. %40 pseudo — isotopy group GDﬁﬁﬁfﬁfxofﬁBnéo b))
THEM D main theorem MK DEEIZL CEM I B o EIE, .(SI.H_Z. 2111) ,
(Sn+2' 27121) 0B, ki, 2'1n D ght2? el SR ) regﬁlar neighborhood
U, izB8 75 exterior E, 2','1; 7)) git? =81+ 5 regular neirghlorhood‘
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U, {zB87 5 exterior B, #520&T5, ZDL&. B, & E, & PL ]
#chssE L, b, : B, >E, # PLEM LTS, product neighborhood
theoremb » Uy, 2¢) & (Uy.25) it (SPXD? ,87%0%) ~PL F#EE» 5 « PLE
ny: (U5 (U2.52) #3&NBo hq.hp OFLR IE =00 =soxs! koo
QU PL (82X 8) ORERBET B 2O WHMINE, by by L
DEL. BELT, £< —%T5X51ciskhiZ 2o® PL knot Oz PL
FAMANRBOREE Linkdo &5, KEMAL WHAWE, Hr, £D
pseudo — isotopy DL kbR I+ &b, Fundamental theorem
b, ’EO(PL(SHX s = 2,+2,+2, &E>TWho TOUD Z,+ 2,
12 S® o reflection, S1 (or Dz) D reflection CHEWNIND DT,
(U, 5, (U, 5) = (sBx D’ s7x0°) » PLESTIHMTE B
LED, b, #EDELT. S0 %y +72, DEORVEERT S LATE

Bo BBDE: 2, = w1(0,, ) EHETHHDTH 2, ThiF (s® x %,

n+1
SEx02) FTCEVETE ERTEANT LAHBE . B, KALHERL bR
npt) EHETHHD0KRL T Li2mbo = Ts
# Kpp (B)S 2 2R e

Wi, 4 2,= &, (O

(&) dLl, 7, (0, )= 2, LTS PL(s®x s OFEME E
~NEKT gD, # Ko (B) = 1 #3#bh b SO LIZDNTR, Gluck
[3], Theorem 22,1 &M, |

. S@EhRPIZHL. 6(Pz LY. PO homotopy equivalence DAxfkaizk
4 H — space #FbTe T5LEMAE homomorphism & @ %o (PL(P) —
7o (G(P)) BBBRBe £ 12, iy 1T (PLISTX 81 = mg (G (87X
s'Y 24
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“Corollary to Fundamental Theorem

n= 2L, i, REABEHTH S,

(BE®E) PH manitold DEXTd, —Z, {121 :1 LA8bku,
F)% L » i:%‘D(PL(ssxss})—»nﬂ(e(ssxss))asfc@——’ﬁu*c&é.

(4] .
T, PL knot ¢ Hauptvermutung x5 d ONREZ SN 5,

° Hauptvermﬁtung tor PL knots

25® PL knot @A/ D PL @485 ?

Z#id, manifold pair (=X} $ % Hauptvermutung D4R ALBETH
5, n=1DLEREEMNTH S0 X, Siebenmann — Sondow [9] iz,
locally flat T/ PL (n+2,n) — sphere pair ¢, n= 3 {=%f L.,
pair ¢ Hauptvermutung @.&WU%«BO‘TTL‘ZQ oD PL knot (loca-
lly flat /) DA, EDOMAEIZ, PL knot @ exterior & uv5 ¥—
D. {HL non —simply connected T& 575, PL manitold (24 5 K

? Strong Hurewicz conjecture (Z X (FDRM) (Z reduce T& 5,

“Strong Hurewicz Conjecture for exteriors ot PL knots

225® PL knot @ exterior E,, E, Oz pair @® homotopy [[EE
hi(By 0By = (B, 0F,) B"FEThE, b R PLEH #: (8,
9B,) = (B, 8E,) (= pair ®ERE LT homotope (2K %,

4D reductioniz®fL, KO Lemma BEKRZEETH o



" Lemma”
250 closed PL manitfold pair (W,'M1), (W, , Mz) BEHETH
5,750
FDr&. M, ® W, {Z¥{}5% regular neighborhood Uy M, ® W,
{Z#{}% regular neighborhood U, Kf y BRE S
£ (W, U, M) - (W, U, M,)
TRETE R TOIONRHFET %o
t/(8, OE,) =¢ : (B, O0B;) — (B, 0F,), R, £/(Uy;
80U, M) =1 : (U300, M) = (U300, M) BK4, &EXHO
1) homotopy F{ETH Be
HL, B, =W, —U,  E,=W, - U,
piz. (wy MO = (8TFR ST ow, M) = (5T 3 oes,
¢ 12, PL M |
g, 1 (U 30U, IR = (U, 0U, ZF;)
{~ homotope &7/t 5B, Z I3 product neighborhood theoren & cov-
ering homotopy theorem 35 Z &izXVDBbh b, X, Strong
Hurewicz Conjecture for exteriors of PL knots #REITHIL,
hix, PL [FH
h, : (B, JE,) — (B, 0E,)
{= homotope (Z/ 5o & B, ¢, & h O bR U, = JB,
~ s®x s' F nomotopy ®ELHIEVe T, in:7, (PL(s%x "))
—%nO(G(SnX sHY)mERTHEB- EMD, pseudo — isotopy) DEL
pilee M LT, BERD ¢, #EVELT, hy & gq &ik 9B, = JU,
E—HTHL5zshBo kT, (877 ) k(87T 27z PL
FEHEAR Do 2 LTKRBER o
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“A reduction of Hauptvermutung for PL knots”
d L. Strong Hurewicz conjecture for exteriors of PL knots

MELW/A D, Hauptvermutung for PL knots iZ[F LU,

simply connected PL manifold {zX L €%, homotopy FEEE &%
nomotopy BT, PL @& T5AOEEDEHA sullivan [11] 1z
LOBEZBRTNWS, (Peterson KLDOMHBMR) . &/ = &=, PL knot
D exterior E DA n, (B) R B5Z LRigo & BHH, o (B =
A d)aét, Browder (1], Corollary 2,4 (=X O ROEENEDRLTW
BHo

“ Theorem V(Browder)"

25D PL (ditfterentiable) n—knot (n25) @ exterior E, B,
=xfL. pair (E, 0E,). (E, 0E,) Of® nomotopy BE{EMNKHETH
. By & E, X PLEME (WAEME) &5,

£ 2T, Main Theorem KX Lemma 225, §D LT AKRNBEZ B o

* Corollary"
7, (B) = Z /3% exterior E #% 2 PL n—knot (n=2) D 4838
DT, MESL S PL FAHEERE 4 292U ing

(E#&) dosed PL manifold pair (W.M) i=ffL., #® exterior
EEWSEENIMRERIND, £D& &, Lemma # 5, Hauptvermutung
reduction L7z, £D¥ ¥, manifold p.air X T 3J/ANLK
Ihd,

TDELE, ROZHE (1), (2) 3) #E2HITB W,
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(1) (Wy, M & (W, M,)IZ isoneighboring TH 5o HbH, (U M)
& (U, M) i PL @4, |
(2) ¢ :'?t'O(PL(U1 ;90U My) — m (G(U, ;6U1’M1)) }2 surjec-
tive, (;0 (PL( ) 7y (G )) 12 pair NHRAZHBAKEERZINS.)
(3) i 17w, (PL(AU,)) = m (G(IU,)) K& injective..
manifold pair ® Hauptvermutung DS, Sullivan ODEEDOHE
Sﬁz‘;ii. Strong Hurewicz conjecture D, KX, i @ kernel % H

"&57‘%(:'{Ef_50
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7, (R* — Vi) i&2onT |
W wm oW (EEK)

R4 AD locally tlat 7’r 2—sphere K2 (spherical knot) @

Fegular neighborhood V, {ZfzWL., nZ(R4— V) ZETE LW, —i

iz, rR* — V, ® universal covering space (4 Rd— Vi EThiE,
4 ~u (ot N - L 5
my (R =V, ) = Hy(R"—Vy) & BM, ThzatBET 5T LAELL,
MF. D K®®R. ¥<T locally flat /5 2—disk, — spheTe &
T5Ho

1. lemma. k#%8M R} P D 2—disk D’ 4
3 Py 2
(1.1) Ry = 0Rr_ D"
(1.2) D? ® saddle point R#E—DTH 5,
W TABE. 7, (R — Vp) =(0) THbo
Theorem R4 R d spherical knot K2 by
2.1) oA=&, Mx?epl==r"_N& &wr = z@LHEH
(2.2)  my(R'= V) REATLUNCABRAERDTSL
(23) (D2 RY) @ pair ik (1.2) #4kT.
2 TRbE. m, (R —v) TGy THB.
sz, RE= {(x 3.2 t)t=1t} w@FEET, R. B F¥EM,
J | inclnsion homomorphism ; 7, (Rg - RZ ka) -y RA-—Vk3

®dD kernel, [J.J] 12 J O commntator smbgronp &7 5,

2. nt(R_4-— Vk) =Z , 7r2(R4-— Vk)“—‘(U) »no om, (Rg — Rg ka)

Xz T (21) OZHEWLT spherical knot K° NEET 5o

3, 1Mt 28 &12 lemma OIFEBHIZH B0
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m, % operator &AT 7, ( R_T_- VD) DL, standard i 2—sp-
here 32 % R_?_-— Vp{Z continuous {Z map L7 image f(Z‘-z) =X
LB BT LMMESD, 5., D OM—oD saddle point MIE< T» 25
DI3AKA LV & THORIZED L&,

vﬂ&G (t>1)

e
>

- 3

XNA=¢, TR XNV =06 £dIF XiZ R:_—- V, T contracti-

ble TdhH 5 &4 knot complementary D asphericity = X b H#kiy
BHZHBINB. Ll XNAX 0 L7882 ),. £OIEHIRE
#THO, X % homotopicel (ZZEMLT, X < Y. X NA= o
EWND HPRIZT AT ENEFL WA, TOBRBIRIHELBEMH K S,
Thcorem DFE #id lemma ORERALKIZ (21) (2.2) &% BT,

universal covernig space R4 - Vk - R4— V‘,' @ restriction

&LT, R, —Vp R_—Vpy  Ry—RgNV 2FZT, Thbiz

+l
Mayer —Vietories seqnence @A THIF, IR LV -EL & &

MNHFRD
4. JBiRiz., lemma QIEHHIZOWTHEENIZ I XIZR T2, FDOLhrhREHA
CEFTHHFLEENE L, BH, TECOE»RGFrink (1.2)

o)}f’—cn&%ﬂjﬁe X3 IZBnwE T, AR, Fhizk - THELUEBEELT,



(1) (1.2) O%4 i seddle point OHHBWLTH, " B D
seddle points KL IERIBOERREZLNE N ?
(@) (2.2) O&ERBEN? Thbb, (12) OfEr#rT D =

DT 7, ( Ri— ID_ZI_) (=~ torsion element #33H %20 ?

EWNS T LML £T,

7r33., Top. Seminar Wisconsin 1965, edit. by Bing and Bean
Ann. of Math Stndy 60 . {= report IR TWh, C.H. Gitfen 0)%
'e “On aspherical embeddings of 2—sphcres in tho 4 space’

I ONTIRS DO LWEHBHEANWEHDB A WS, RPFXFY, 708b0,. Th
MTO lemma (zH/IGTHFRBHD EBORET,
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