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Bdl[ Coverings, and Products of Manifolds
AETK AR R Z

Definition 1. M™ #* compact connected (PL) m-manifold <>
MA o m-ball o finite set B={BV.B:,---.Bg } =,

M \UBr=M,
2HRTE= B & Mo weak ball covering, T 512,
@ BiaB" =9Bn9B;  (isp)

(3) @ o (0Bin0B;) 2% (m-»-manifold (Com. ZFEF Ua1),
EHETEE B & MO ball covering &o%3l, ZOEX
B(M)=min {#B ; B Mo weak ball covering } .

bM)= min.{#B; B13 Mo ball covering } ,
rEHH. (#B 13 B 0 elements o #x )
1. { Products of Manifolds>
Theorem 1. M, N #* comected compact PL manifolds o & =,
b(MxN) £ b(M)+b(N)-1.
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Theorem 2. V 7t connected compact PL manifold "

WD ne=x DOV T VO double EAV=I)) &b T,
b(D(v) € b(M)+1 .

Corollary 1. b(SFxSRx xSy =m+ 1 (p21).

Corollavy 2. 14&.0 integers m,m (2sm<m+1) 12 xJL
T, b(M)=m %> comnected closed m-manifold M¢
BRTSH,

Remark 1. Covollary 1 1213 SPx--xS* 123795 handleH R
IZS 3XNE(RBXIR) OBEEASS.

2. Theorem 1.2 &% best possible TH Y, IEEEON
TLQuBIIR< BHS.

RO lemmalz induction 125 > TEEBRSMA.

Lemma. M % connected compact manifold € bM)=k & ¢
rex, FROBFE M TrtLT, %4 KEHRIMO
ball coverings  Bi={Biy,Biz, =" ,.Big }, i=t.2, -.n, 2N
BARTS. | Wi> % P>
(%)  BiyjaBpy=¢ | if { i+ = p+q.

Theorem 1 @ proot ® outline . bM)=p, bIN)=¢ &£ F 5.
lemma (Niz2r )05, N o ball coverings
03L={Bt,1,81,2, -, Ba,qr } ’ i=1,2;"',P,
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MBERELT () 8HEY. {B.B., B} EMo ball
Covering &£3d L,

MxN =(B.V---VB) XN = Q(BL"N)

= \;J( B x yei,j) = U{ BixBi,j, ' :i:if{,},

Z0FFTII{BixBij b 13 definitionl & 3)&HL T 0
Tu. ball BixBi; ® regular meighborhood % WR&I<HR Y
ELTCHocTH LS MxN o ball covering {Cij}
15igp, 12424 , MBEH, WEREL TV S = ENHEOHH
M3. LE>TWEEI {Cy: iti=k} k=2.3,--pt3. &
UdCi; OXo ares TREA T vegular meighborhood & &3
2T prg-1 MO0 ballFB S 4, 49 3 5005 M xNo ball
coveringT#Hd = & OO S D,

Theorem 2 0 3EBR £ 1313 FIR. T % 3.

2. theorems oL wEEBAIZ (KW)Icw 3> T, T- 713
(Weak) ball covering & Lusternik-Schnirelman category &
ST Product space BEHMRIZ « TIRRT I3 >,

Definition 2. ( Lusternik-Schnirelman category) X & poly-
hedron (£ > X 1a < topological space TR ST ITLE
TonTHIBYTS) £33, |

cat (X) =min.{k21 | Ui (4igk) 1& X o open set T

3



88

| X1z & w T contractible T, \2 Ui=X }§
Cat(X) = min.{k21 | Ui (12isR)I3 X® open set <
U 813 Contractible, WUi= X }.
Cat(X) % strong category EDERN .
Definition3. M™% closed m-manifold (Top. Diff. PL-, AL
SITI3I P-manifold THEZD) LT,
C(M)=min.{r21 | B (1sisk)IIMAOm-ball T
Qéa =M } ( Mo cell umber)
M #* closed % 513 Weak ball covering 13 collar E1E>7
UBi=M s30T, BMI=CcM) a3,
BA S 5z connected compact manifold M 1c> v,
cat (M€ Cat (M) £ BIM) £ b(M) .
cat, Cat IJBREBEBL THoIITITRILARL,
homatopy BRE DR TR 00 S H < O FHENI T 5.
cell number C(M) .(=B(H)) 0 AHRIT Lusternik-Schni relmann
ategory O manifold A G o< EKEWE (FIR) TH
1 generalized Poincave Conjectinve 0 FFRE £E 5 LT,
Enqulfing techniqge EMTIUHTHEIND & SR
3T, 19603V XL S S>>0 To XN E5 M5,
homotopy iz 5 th 2 it Geometry-’&fl!{%ﬂ\"ﬁ 2", Enqulfing
EFR L3928, comectivity ¥ dimension 0 BIR#EL,

4
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SOMBERATHL v R eBsnTrud a9, 5%
Tkes> T 58 E cell covering ¥ u 7 B 5 BEAY
twaygbenku., BFEWGto L L 718,

Proposition 1. (Luft [61)
M" .  connected closed n-manifold. k-connected, k<n-3
=> B(M) £ <4,
<X> 13 inleger T <X>2 X @3 minimtm .
SHzaTL T ball covering 13 boundary | & 7 manifold
123 T cell covering £ 5k LIz = ¥ ( cell covering 13 8l1Z
open manifold 1S3 TL T LEHTI D). Lo L ¥ OHE#II
BinB} = 0BindB; % (m-)-manifold X v Zi=H Y, S™IA
0 (m-1)-manifolds & homeo 5 |k Tt & m-manifold o) ¥
FERAILWIEHTH S, LE> T cell covering(C)
2 Engulfing 0 S6E 4% 6% XX 0 manifold IS3T LT RN
KBaH1zL, §%H<, o LG0T T 0B ERE
INB. 3= o compack manitold M izrL 713 B(MI=b(M)
MEEEAS MD BAKE D, 4T 13 contrackible 4-momifeld
W, |
ct(WM=4, EWM=2, bW)=3,
%230 0BRTHIOT, 1oAAXSEFFEI D ASL
SHTHIN. ot d, PILCIIEIY I THH N,

5
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Product space 1= LT I3,

Proposition 2.

@ max{ cat 00, M= cat (X xY) € ait(x)+cat(r) -4
@  cat(X*Y) = &t(X)+Cat(r) -4,

&) Cat(X) £ cat(x) + 1,

YUSTERIAD, Theorem LcTRLTUD,
BA. CMERM) > TRINEST podudt I=> 0 2
ORI S HTuT 0,
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