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Combinatorial Prebundle |

AP K % +5

1. Preb avaol{e |

B&E: PeH®E rcPo-RrTa. (P p)a
prebundle £ g, R o 5 KA tn‘,a/e E=1{E, K, i
TeThh,

) E ; %@k (2RFAH)

@ K 4 15 (&1Z14)

B X5 Rot>aRt@~d) $§4RTH (AT) o
- f£3Y.(AroBFfcesmhs) :
@ B (A f)irKo ¥iKA ¢, PL embecidmg f

;) AxP— E 05 KA.
&) BEARAcKaIL, PrHcrs L0 (AF)

NEEL, (A\Tj)eg(""‘m.: E vwh,

© (Af),(B.§) eZ v, AnB E tHwHlEkC
&, f(CxP) = 9(CxP) > |
flexie = ] Cxipf
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@ T3 TELTIRRTAL,

515 0(P p) prebundle E'={E, K, Z '} #"
E <@, PL BHBSIE W E— E ABEL, V(AT
e, Y(A3)eZ =ITL T hf(AxP) = J(AxP) o7

Af, Axipt = 31 Axiet LibprEEws, G¥LW
G) H8a )

5., FE prebund le
EHEAIKIx P 13, (YA e K) AxP CIKIxPHA

EEEIRE T 2nE AradeRdce | T, prebundle

AEECE Y LA, JNER prebudle 0w Eis,
KxiPors t&Xh7,

- P prebundle v 3ERE. P, p) prebundle 207 1
(AL, pr@IgoAite cvi>7) BE v s, o)
st s $ iz, prebundle ¢ I EA ﬂfﬁg’( THh
R s Ez o T I fibre bundle 13 fibre stru-
cture (RP%, projection) 2 £§BEK | T v A 65, prebundle
cEFFhI TR UG, T LA prebundle Wi fibre
buncie LR H LW ETRRNHESL, Ralzdh, PL-
category o fibre bundle £R1TRE L TH, (P p)
bundle v, @R §5 B> E B T,

W E,B . HdiAr AZE KEA I,
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&

PLS1% j, E—>BRPLERI,B>E il
¢ r A RITAMAT DART. .
T BakE 1 L, XaBrFTAMBUARN
PLEAESIE £ UAP — ) rBEL. jf(
2,4) =x, F(xp) =@ (YxeU,VgepP)
(P.p) bundle 2 B% 113, aduced bundle, covering
homotepy theorem B o geneval theory ML LT v 4
L k<, Bashs BEARI KB L7, 4o underlymg
pv‘ebmnd le BIRS A, JaibprefREsr 7 8PS, woH b
(P, p) prebundle t & & (P, p) bundle a underlying
preéuna{/e ptdhtt? v *5131,%%‘{!3"@ rhovd &35
I b,
(P.p) bundle aE bundle afky 713, Hilnor o micrs
bundle o €.5.5. % bundle 2y B e A BIFr L7,
( isomorja/v;‘sm germ % I'SOmOYPAI'Sm Yatailhi b
27) BEsdhnm, prebundle a N>, css
busdle 72 @ ti <, 1D BB % bundle (as.bundle ) £ 2
ihrend-TRE A, B
®E 5 (P.p) prebundle aFEEZF PR(P.pP) .
PR(P.p) ok simplex ¢ 13, }2 prebundle Arx(P.p)
A BIRTIR R A x(P,P) = Arx(P.p) T&HY, Lra
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Sace ARITILHR TH face Rlax(P.p) £22 ¢ ¥ a,
B, AP RERR e w, % ft cover LA LE

WTeTh, 2okl T, PR(P.p) 3SR a i

t 2. (v L, degeneracy operator iz B TH B W,

B2 3 ey F rE, standard mistake 13y PL cate

qJory £RLTI §H505 'Z“%»b‘ Fuwrn2yiz, PR(P.P)
o FIFRED S, homotopy group Tk (PR(P.p)) v'RE ¢
5. BP5, Kan o combinatorial method s386i{3 W
Bv 4], 220 %, Kan afhk &5 PR(P. p) k¥t
PRz L, Kan b degenema/ opera{:or I GAV RN

CARHMFRIH trick &> 7 PL niﬂ?f%ﬁ%’z%* '

Lohho g Bndgu,
prebundle aE bundle 1t a.s. PR(P,p) bundle v L
Z'?;%'* b, ¥\ T, prebundle & trivialize TANR
no B a@fﬁb\fﬁ?“'ﬁ MR(PR(FP, p)) T#LshdH,
Notation
J"5 n-cube ([-1,11=J o nEH)
O = (o,----,0) eJ"
REE ¥ R B 00 <
PR(J", 0) = PRn
PR 0) = PRn

e £3%, prebundle o
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PR(F™ (o™ 1)) = PRan
PR(J™, 0) = PRn |
(3" 3T atER (n-0) sphere, I" 3T o WEP(R" ¢ PLAE))

Shsa@Erlaffesns., |

PRn = PRa (=i weak homotopy equivalence)

g, join exfensior oriament TR IS,

PRen = PRn-i

2 hd, velative regular neryhbor/looa’ 2—Fitic &
) IRI b, , '

ITR(P.Rn,Pk*n) =0 (k< n=2) TN To
N2 WTWAe, CaBAENZ4 or RZZ AL 13,
_Zeeman N unknaitma Theorem . R=I n=3 ak
*13 Gluck o3F U] <& A,
ner, PRI |
’IR(PRn) = Tk (PRetz) (Vn:= k+z)
SR, T S G

. 3% prebundles

(3" 0) prebundle £ » Prebundle EORE S, PL-
embeda‘mg f I‘?—’W (M.w >, PL mam‘fo/ds) b\M
o BAHBIK = 371 ?Zprebunde Lo nprebmd/e
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W KN () ($0KE ek prebundle )i, N v
AM) aWrETAMB L E AR BRETLLIEN >, 2

r &, Nz f(M) o W& T A neﬁular ne.‘ﬁhbovhoad |
z, 13 locally flat ©& kb, Ro prebundle o BT
R theoem ! (& locally flat PL manifold paiv o
regular neighborhood o dual cell pair decomposi-
tion sE%> 17, Bic, relative requlay neighborhood |

A0 5 RAHE L%k Fre[mnd e n—% ﬁfif& theo-
rem z 248> TAERAY h A,

Theorem 1 .

PL- emb&‘dd:n? f: M>w (MW pL-manitolds)
b“‘wb‘rmmaﬁﬁ'ﬁ&‘i! AT tshprebundle £ o1
B a0F+AREE, {0 locally flat v&o 2 T RS,

Theovem Z .

K% PL-m thev’e M axEa ﬁ%’ﬁ%‘) P %, wib
b PL em/ﬁea”c/r‘ng' f‘ LSS Wt o BRrER — %
#9235 prebundle £ £,

Tl N KM (Z0), i=l2 8250 FaKE
035 Freéundfe e, PL amé;‘eni‘ ;‘soi‘oip,y F W——? w
PR LT, F/n GNo 05 M n 0 RSB s,

theovem 1 12 & Y, locally +lat PL embgdﬁmg XY

= 82—



535 prebundle o 75 13, 1R4BY Te( PRn, ML) oBEE
2R TIES b, (1AL, Tl 11 (T 0) bundle off
EHLRD T

SR 3T (PR, TLn) o homolopy exact sequence % Bk
AP, TheoremZ £ ¢, kil sphere a locally
flat embedding 131 5% prebundle o BEH & w-
(i a P BEIF 0 ERR B e 0 Th(TLs) — Te(PRn)
YR TEA,

y R+ TR , I ,
O e (PR TLn) = T (L) = T ( PRa) — T (PRn, TLo)

Theovem 3.

R+l s;:ke\"e S 5 ktitn S/J/:ere SF o stand-
ard PL embedding 1t trivial 3% cell bundle | 0~ % 1=
e, <& Ker(ie) = 0

Theovem4

Rtl sphere o cod'c‘m'ensian AEEDUDEH (ocally
flat PLembedding =311 7 % 3k cell bundte ﬁ\fii@“%)
. & Coker (ZR} =0,

18 1. ( N.r. Kuiper oand R.K.Lashof )

Kuipevr-Laschof =&Y, Z B TR f;é‘ J Te(0n)
— e (Tln) 13 V&  n<4 <31 T monomerphism

o~ BE -



Thh, [T1. -3, T Leviners & ) differentiable
knots xr in @%F%, R=7.2.9,11 T 3k (XR)%F 0
Lrih ta SBETH., (AL, 9K (Xk) = Xrah veclor
bundle ) Xr& smocth fr,‘angu/ﬂfe | 7. Zeeman
» anznoltiing theorem , ;& W theovem Z %% > T,
( Arer, 2 Art) La relative (PR4.TLa) bundles
6k . ®=7,8.7.1/ t8Boh A, ok 13 Tr(PR4, TLa)
A ABLYE, Or(6k) = Tk Ok(Xr) LEHoZu A
o i‘;: id wmonic Koy, r(Xr) X0 &Y, Ir(6k) ¥
0, -1 Kerini%0 for k=7.8.9,4 5<7, Sk
(k=7.2.9.1l)a ST aw~a standard fJPL embe-
dding iF non trivial & cell pundle % {’) |
Bz (MW Hirsch ) [2] ~

K2R ditferentiable knot %5 in @" 7 Smool%
triangulate L, relative (PR4. TL4) bundle & over
| ('Ax\,,?’Ax): T, ©%0 in My(PRe, TLe) 1265, I7(5)
=0 tuhtartBshs, &> 7, Kerdr = Cokeriy
*¥0. 68< 7. $ ka4 prebundle 1. cell bundle o
underlying prebundle v 0o h¥a BT 2, | k)
2o prebund le a zevo-section 1334 cell bundle o
&t V“'la‘:cal,/’y -,,f/af embedding ath|vt &y, PR
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3. 3% 5% & pseudo- isotopy grovp ~a iR A

PL(SPxS2) = {F: 5Px 32— 5PxS2 PL homeomarphismf

vF<. .7 € PL(S?xS%) & pseado —»z‘:afo/zic. e,
RET PL(IxSPxS?) such that

heo.x) = (o, ¥), AUl x) = (1.3=))
(VxeSPx5%) avytvd, pseudo- isotopyew
5 R I BlUBENR 7, pseudo- ,‘Sof’apy Rotka, B
TPL(SPxS3) 0T, 2oy 3, P>322, Xvid,
Po>4, 3=1ar3, FOCLTIPL(SPxS?) &,
Mo (PR3w ) X Mg (PRpn ) x Zo xZ, |3t | wEHR
Fh, L<18, TPL(SPxS') = Z,@ZOZ, (pz4)
twibat, Glack 2 &R [1]1 & psendo-isolopy @
Fof ke 3 r:i cicih, L6,

£ B X &K

[11 H.Gluck , the embhedd g of two SPheYE ow the

four sphere, Tvans. Amer. Math. Sec. (o%.(1%62)
303-333

(21 M.W. Hirsch . On tubalar neighborhoods of
manifolds 1.1, Proc. London. Math. Soc.
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homotopy groups. Ann. of Math., &7
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