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3-Manifold & Normal spine & Ball covering

REIK BAH BZ

80. boundary &% > compact 3-manifold W3 13 —#RIC
2% polyhedron P* 12 collaps 3. We P (&K 1.
oW & P) o FfRISS 0 T1330B - WT 0 5BETHE R4
RTHEINE >0 LIF,HFH3A, B0 [ 88 ), -3,
Closed 3-manifold M ™ @ disjoint’J 3-ball B, -, By 1=
WL (M-UB) NP 7215, PizMo almost -
spine & 213 #( Y ( Fenn-Rourke) » almost spine X spine
ITHLTENS ST TRy (0, WHEH> MZIF LA LR
ST uwirn (LEEEIRD) .

20 note TIFIHBIZIOIERERD THD, 2 LT,
closed 3-manifold & HB =EARHBI .52 3757 (
W) LTS5 <TvF ~7 T represent SNB L, &
S U kS 0ME, S°0 representation ) BYEIX 20 T O)
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31, 3-Manifold ® Ball covering
compacl connected manifold M E LT MK o
(closed) m-ball BY o set (B‘:{Bl, L Bei1E, O ‘;}B}FM,
@ BinB;=9Bin0B;j 13 (i-n-manifold (connected &FXK Uz 1) T
Hd LI M ball covering . MWL TEho &
Mo covering number X Ev b(M) ¥32F. bMM<n+l,
M =2 7518 M'=S". 3%k 21TROBAEIL K 71 3,
Proposition 1. M3 : connected closed 3-manifold
bM)=3 & My IQ(Sksz)#E(S x<=S%)
2T ktez1, €=0al, S*%S’Id non‘tnwal S bundle
over S' (non orientable) .
Proposition2. M: comnected closed 3-manifold
D MEMH(SSD, MEM= (8% S)
(ZOE>3 M % handle free £o£33)
2) B=1B4,B2,B3,B+} : bal/covering of M.
N MxS? 0e3I1F BinBj#& (irj) ¥GET .
=> BinB; = 2-disks %))
ball covering (B, --,Br § IS AEf AT T BmBj#gb
NE = non-degenerate EOHEN D, X5, 3¢ LT handle
~free 'z 3-manifod 0) mondegenerate ball coverimgn 31
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B={B: B2 B;,B.} % handle free closed 3-manifold
M @ non-degenerate ball covering £G4 .

@ BinB; g disjint % 2-disks  (i#f)

b) Bin Bjan & c/:s/om'[ T 1-disks (edgs ) UU<j<R)

c) /j, B, I1& dis,'oint 73y O-disks (vertices) .

SHONBENS BIIM D cel| MEEE S22 70 B,
ACEEBIMp, k32T EES > cell complex 4D T .

| de3(03)= £B? = # (/4\ B;) . B o degree .

C(B)= %#(34/13 ) : B o complexily
L33 L=
Proposilion 3. C(®)= Z #(34/13)——6/6}(58)1'2
for 1<A <4.

216" 1'
22‘-’ 12 aBz

2By

(@1 P m%f% (B B4ﬂ53f<>
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$2. Almost spine

B={B1.B.,Bs. B+} % handle free 3-manifold M »
non degenerate ball covering £ 35 .

PB)= B : cell complex B » 2-skelton .

P®) = [P = UoB;

xeP ¢ Neighbourhood & Hd & ,

o 4
1) X€ (BinB;) D) X€(BiaBjnB) V) xe By
(1<5<K) v

©4(P) (P @3(p)

Tamh5 Py 13 M 0 almost spine T (closed ) fake-
surface (norma/spine) T'»%2. 3= (M- B> 0 Spine
P' % P ¢ sub polyhedron (sub complex ) & L TEM>
S XEAS D,

Remark 1. L 0ZER0 S5 R(S'*S)#€(S%-SD o
almost spne Z LT mWotype 0 AELT TV D& LB,

2.t o PB) 13 S*aMAd immersion (not in gene-
ral position ) » image £ LT &M%,

—4—
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§3. Ball covering @ reduction
B={B1,B:,B:,B+} & handle free 3-manifold M » non-
d@ener‘afe ball covering &3 3.
( operation Al
i Bi”Bj DaDl2 component (i#f), #’-(Dn (é B:))=2
= IR Mo ball covering, C(B)<CR) 4

1=1,4=2 £ 9%. 1
| Do B> 20) rega/ar ne/y/z bourhood 0&
EN&EFD. \V/*“\D
2

N~ By =2NaD B : 2-disk (k#2)
Na (B2-N) : 2-disk N
B/=B,, B;=B;, Ry
Bi=B«“N , Bi= Bo-N ‘\{
®’=1B/,B;,Bs,Bi | & BALHNIZMD
ball covering T C(BI=c(B)- 1.

&

—_— «
(P \p (T -2
% \/___
\/BT— B 85 By
(B, X 7tRViE) (Bs X 74 ¥E)

(3) B =B %1 (operdtion 4)
5
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Remark 3. Operation A % Almost spine P 0 P'AD
B’y LTRBY, polyhedron 12 3-ball N & atlackh L7
Collaps §HRNB4 &I I SI<RENEED T HD.

Iasalyan
01(((@)

(F4) Almost spine o1k

>
g; B4 P

( operation B ]

i {p] BinB;>D :Componerit, 1] } SDu,aDz , Di¥Da

#DinD2)22 = 3B': ball covering oF M ,cdB)I<c(B),
Dy BinBa, D2CBanBq rd3,
DinD.DA, B  ones

(DYDY’ > L simple loop 2"

ArB It A 147 %3,

Bq.DECZ : proper 2-disk 2¢=4L .

NE By T'9 Co Jz?u/ar— 7
-
Weij/zboar/mod K93.
TN 2
Ba/VB4s = Ba—N -‘z/is/‘oint 3-balls. 14-

NnaBi :DNnaBa . 2-disk (i=1,2) - 5@

Nn Bej= 2-disk, (5=1.2) \// i

NnBs=¢ | B4
—6—
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B/=B,YN, B{=B, B3=Bs, Bi=(BuVBg2) £33 &,
Bin BJ{ =9B/n9B" : 2-manifold .
9B.=2B, 0 X 2 0 AEH S I < BinBanB) component,
K1t Bat & Baz £7530 o
on BB.VE, 20 —
requ lar neiyhbourhooc/ 84\/‘ >

E W EF3L '

Wn BW:2-disk. (j=423 ‘U/ \/
B4z

Wa Bey: 2-disk (G=1.2)

(N8 | =
Bj=B—W (-123)
1

Z_::'B‘;_ VW W
(B'—‘—{B(’,Bf,B:,BZ} 13 Mo
ball covering ., M #* handle free RG‘N |
BinBj : o-disks. (itj) (B 7)

#B/ A B.)=#(B/aB:)=#(B,nB2)-1
#(B/ABL)=#(B/nB)=# (BiaBs)

# (Bl aBi)=#(B BT 1

# (Bs A B3)=1#(B2aBs) =4 (B2nB2)

# (BinBa)=#(Ban Bt 1, #(B7nBL)=#(B3nBa)

#(BnB))=#(BinB) -1 (j=123).
| =7 —
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1% 2 . 3 5
2:"4‘(82/1 B = %# (BinB;) -3 = %#(‘84 nB) -1
C(BY=c(B-1. |

Kemark 4. operation A, B 0# 1= balf covering B’ ¥ non
degererate 1& — 212 ITMFFEI T VN, M W handle free
T ST AU non degenerate .

5. handle free T 7% 11 manifold 12 X3 LTH operalion A.B
ni)&:ﬁlz“%%, FE BlzHu B,‘(ABJ/~ : 2-disks NFSES

RFTuEdH2,

6. Operalion A 130 T'= % 1\ operalion B IXBFT S 73 0

BIRHS (TF SPicrtavo).

Proposition 4. B=1B1,B2,Bs,B+} % handle free M »
aon degenerate ball CbVeﬁnj £93&x VDcBinB;
(x‘*di ) ITHTLT #f Dn (éBx)} €ven)y 24 &L 7 &£ 1,

PFOPOS)T/’OH 5. B&srtpmEL, {DI B}(\BJ-DD com/)anen't,'
#/} 3D, D) = DAD = { & . Lo,

an arc

$4. =K@ 757,

B ={B,Bs, Bs,B+) % handle free M) non.degenerate
ball covering T Proposilion 4.5 0 f"8 & Froto LI 3.

Pi= P(BIB.) " 9B o cell 581 P,=PB|B):E b
_,9__
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4. 477h5 P.={cndB; | cE B ccomplexriz) | .
20 &ZF Proposilim4, 5 005
kProPosif}an 6. M :hardle free
Vg’ won-de_yenerafe ball cwvering
=> 3@ :ball covering of M such that
) #B<4 or
2) Bis non deyeneral"e with CBH<CCBD ,
G, & P o dual cell 581 o) 1-skelton &F3&
@ G o Verlex o deqree (3 even " >4 |
@ Gild 2B ZBWHHBI L7450 Gimle)
Kemark T propesilion 6 0 &G; I1& .S*ror embedding »\
Unigue ' .
8. Proposition 62 Remark 7 15 S> T 7%q 1 handle free
nanifold I1& 4> 57 & LER5 0 B O (5B EEHD
Wi IS& » TRBINS (75718 2> K17 T M isegam
%) . |
§5. 3-Spher O ballcovering
b(SV=2 THBH, PAELT S0 ball covering 1=
2u BT HID,
4) S?=BVB = BinB.=2B,=2B.

2> §=B,YB.YB; = BinBj=2-disk 2
—9—



(3) S°=B,YB,VB,YBs (degenerate 'z H&

= (Say) BjaBg 2 ST , BinB;= ¢

B.AB, & B}nBs ~ 2-disk
284(\81 A Bﬂ»(\B3

@) S3= BVB.YB;YBs mon-degenerate

BinB; = 2-disk Operalion A 3T BE
(5) S°= BYB."B:VB=«

BinBj= 2>0 2-dsk  operalion A,B TTHE

O M e

» (2 (3 M—_E %7 )
B, o * A
% (./L
B4+ <+ 83
““)
duel qmyk Gi

A

(B 8) 2AELTT S0 ball covering

_10...
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Conjecture. B={B1,B2,B5,B+} " S°0 hon-degene-
rale ball covering /x5 1x" Operation B (and/or A) #Y
BRTAETH .

O TN Yes a5, SMIF 3-sphere ) ZIZA) P T
WKV T T 1275 ) Tva ) Lo &3,

" D handle free manifold 1731 LT 2> ball cover-
ing BLB', CR<CB), BHZEF BIZH LT opera-
Tion B(aA) NEATEE T H35Ha L1 )) FHE 0V ) A
WNBITZRAH.

B18R . Proposition 6 o T¥I7'57 (FMo) =FHHBI&S
2%) G OBBRIIZBIZUNATTIZ, Co& S/rHE
75 7 LRI TE, IS T57 & (2 2)BK
TAFLIY T LRk, G~ G OBORRIZED IS 7T
SRR

$6. Elementaly collaps & ball covering

polyhedron P. & I<>uT  P=QVE™, BAQ=8""

CoB” 9 &Z PIFQ IS elemenlaly i< collaps T3 £ i)

PX Q@ ¢527. P»'Q 1= BRRE 0 elementaly collapsingT’
HETAL 3 Y0 BATEE Pr3 QA0 G-Ca//aps,n7 9

E3ruwupepa) L.

bouna’ar/ Lo dw) Compacf connected m-manifold W 1225
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LT W" 25 (-1)-polyhedron (LL7g€nTEER ) Ag) € -
collapsing n-& 3 & lew) EZ<L. closed connected
n-manifold M"1Z TT LT (& Lo(MD= LecM-B+1 &
Z$H%. AL leW)=1<> W2B”
Proposition 7. de(W") = b(w").
Le(W< bW 1 BAS 6 ( Binb; =3B:ndB, =tt-)-mfd)
lewm=h aks WO - NP La3e
W= B/VB,V -~ VBg VP™ . Wiz n-mamifsld 3%
P < L? B: o BinB;=0BndB; (itj) 3EFLH\.
t L BinB; Ik mamifold ¢ g b st B3EE (F Bz - Br b
g I< reja/ar /ﬂeiﬁﬁ.bcurhooz/ EFI"T]RIVB L TEHIF,
Bin Bj = 2B noB; -y —maxmfa/a’ £S5,
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