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Ball Coverings and Products of Manifolds

ABETK AR EZ

Definition 1. M™ #* compact connected (PL) m-manifold <
MA o m-ball o finite set B={BV.B:,---.Bg } 2%,

M \UBr=M, B
2 HRTr= B % Mo weak ball covering, S 512,
- @ BUn By =9B.n0B; (i%j)

(3) @ o (0Bin0B;) 2% (m-»-manifold (comn. EFEF Ua1),
EHEFES B & MO ball covering &o%3l , Z0 X
BM)=min.{#B ; B(EX Mo weak ball covering } .

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

WP drx DOV T VO double (E(VxI)) 2Eh T,
b(D() € bW+ 1 .

Corollary 1. b(SPxSRx xSy =m+ 1 (P2 1),

Corollary 2. 4E.0 integers mm (2sm<m+1) 123FL
T, b(M")=m &% % comected closed m-manifold M#
BT A,

Remark 1. Govollary 11213 SPx--xS™1=#135 handleH TR
IZS 3R NEB(BRE) OFEEARS.

2. Theorem 1.2 &% best possible TH Y, IEEB 0K
Il oBII%< HD.

O lemmalx induction 128 > TEEBRIMS.

Lemma. M % connected compact manifold € bM)=k &
ar=, FROBEE M I LT, £ KEBRIMO
ball foverings (BF {B‘m,Bi,z, " ',Bi,k b,i=t,2,-n, N
BEIS. (Li> # CP.g)

(%)  BiyjnBpy=¢ nc{ i+j = ptq.

Theorem 1 ® proot & outline ¢ bM)=p, bIN)=¢ & F 5.
lemma (Niz2xL )65, N o ball coverings
| 63L={Ba,4,81,2, S Bz,% b, i=i,2;--°,P,

2
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MBEELT (%) 2HRY. {B.B., - B} EMo ball
Covering £33k,

MxN =(B.V VB XN =\ (BixN)

= L‘j( Bi x yBa,j) = U{ BixBi,j ) :i:if{,},

Z0FFTIFI{BixBi b 13 definitionl & 3)&3HL T v
Fu. ball BixBij ® regular meighborhood % IR I<ER Y
ELTCHScTH L MxN o ball covering {Cij}
15igp, 1544 , B ON, WEHEL TV S Z e HENDS
MB. LEN>TEEE {Cy: iti=ki k=2.3,--pt}.&
UoCij ©Xo arcs THREA T vegular meighborheod & &3
ST prg-i MO0 hllFBS K, £V X005 MxNo ball
coveringT#Hd = & OO S hD.

Theorem 2 OSEER £ (313 R T'% 3.

2. theorems g%l wEEMIZ (MlIcwa"> T, ZZTIZ
(Weak) ball covering & Lusternik-Schnirelman category &
ST Product space EOKRICY « TIRRT HI S,

Definition 2. ( Lusternik-Schnirelman category) X & poly-
hedron ( £ > £ 1a < topolegical space TRV S TITwd
TonTRARYTS) LT3,

cat (X)) =mm{k2t | UG (42igp) 1 X o open set e

3
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| Xz & v 7 antractible 7, W Ui =X }
Cat(X) = min.{R21 | Ui (15i¢R)IZ X ® open sef <
U 813 Contractible, WU =X }.
Cat(X) %& strong category EDERX\ .
Definition3. M™% closed m-manifold (Tp. Diff. PL-,BL
SITIIP-manifold TEZB) XT3,
C(M)=min.{rz1 | B (1sis)13MAOm-ball T,
Qéa“M}. ( Mo cell umber)
M #* closed % 513 Weak ball covering 13 collar E1E>7
UBi=Mressnd, BMI=CM) ZH3,
BA 5 #MZ  conmected compact manifold M 1> v,
cat (M) £ Cat(M) & BM) £ b(M) .
cat, Cot IJBREBEBL THho IITITHEI L AEL,
homotepy MFL O BR TR 0 S < O FRTI M T 3.
cell number C(M) A(=B(H)) 0 AR Lusternik=Schni relmamn
ategory O manfold A0 =< EKGREE (FIR) &
N, ‘genemlized Poincove Conjecture 0 BERETES LT,
Enqulfing techniqee ERTIIUHTHMEIND & Do 5-F
ST, 1060V ED 5 SIS v To M2 B5 M 5.
 homatopy #iiz: 5 th 2 At Geometry-'alﬁ'.%ﬂ\"ﬁ AV, Enquiing
EFR L3980, connectivity ¥ dimension o BIFR#*5E<,

4
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COMBERAYTH LR eBshFrusL9@, §&
ThEs > Tv 5658 % cell covering X U1 7 B 5EAT
LuwHyBenmn. BFHGLo L LTI,

Proposition 1. (Luft [61)

M" . connected closed n-manifold. k-connected, ks n-3

= M) £ <",

<X> 1 inleger T <X>2 X %2 minimém .
(b o T ball covering 13 boundary | & ¥ 2 manifold
123 T cell covering £ 5k LIz Z X ( cell covering 1T BIIZ
open manifold 1S3 TL T HRBETI D). L L ¥ 0 H&KIS
BinB; =0BindB; % (m-n)-manifold X v Z1=% Y, S™'A
0 (m-1)-manifolds & homeo 5 |k Tt & m-manifold o) ¥
FJEROAH) LW ITHBTHS. LEN> T cell covering(Cr)
M Enqulfing )68 7% 6% XX & mamifold IS3T LT &
KDBHI=L, X H L, 12 L6 UT 7 ORI B
IMA. 30T o compack Manitold M isrL 713 B(M)=b(M)
MEEEAS M3 BRANRSE D, 4%z T3 contrackible 4-momifold
e, | |
wt(W=1, @WM=2, bW)=3,

RHORBRTHLNT, 2oANARSEBEIHI AL
SHTHEH. ot dh, PIULCIIFETI I THH N,

5
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Product space 1= L7 I3,

Proposition 2.

@ max{ cat (), (M= cot (X*Y) £ aat(x)+ ot () -4,
@  Cat(XxY) £ &t(X)+Cat(r) — 4,

&) Cat (X) S catx) + 1.

USTRRIBRD, Theorem L icTRLTUD,
BA. CMEBM) >0 TIRIINE DT Dodud Im> 0 2
oFRIIMBSHTuT O,
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