(69)
Bt 3708 9 4 (1994)49-74 Gt

On handle free 3-manifolds with boundary

EAHREZ GEHEE)

§ 0. In troduction

(G,c) % 4-regular(quartic) 4-edge—coloured (multi) Graph (B4 L T. ec—quartic
graph) &9 %, edge colouring 13 ¢:E(G)—{1,2,3,4}, 48D > 5D EED 26 % EET
&, TS DEZRED edge MERBZINL DN Deycle NEED, TN 5L TDeycle
i22-disk ZRiDWTH 53 2-polyhedron # PA(G,c) EEF. PHG,0) 1E. Wb s,
fake-surface TH 5,

P*G,c) D—

(G,c) W36 {iJ,k1=(1,2,3,4Hh=C, 2R L TEE2 P4, (G,0) WHHim &2 5.
ZIT PG KPP XI &P X0} =P, CP £LTHh=1,2348DD05L,
compact 3-manifold W(G,c) 2755, :

W(G,c) ® boundary i disjoint union P4~ UP%, UP%45 UP, &R ERS TW3,
2B, ZOED EMBADD PP XI DS B0 1D1ER D ES TH homeo type £S5
¥y 3-manifold ASE % %, W(G,c) ®boundary component @ 3% 2-sphere S° TH %
HOLTIT 3-ball ZBED DI TH SN B compact manifold %2 Q(G,e) LT ZEET
%, closed 3-manifold IZ2DWTIX, KDL S xR 5 [NHK],

Theorem 1. fE&® closed 3-manifold M* IZ% L T. ec—quartic graph (G,c) #7F
FELT. QG,0=M® &725.

closed 3-manifold M* %% H,(M? ,Z,) @& LT non—zero 7% 2-sphere S % #/= 72
L&, M’ IX handle-free TH B EFbh 3,

Theorem 2. M® % closed 7 handle free 3-manifold &§ %,

(1) M® @ ball covering 2 5 12412 (£H 5 ? intersection & L T) ec—quartic
graph 2351 %,

(2) theorem1 ® G &L TWDH simple 72H DOAENS,
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Zh 52D OEHIX closed 3-manifold % edge—coloured graph 2L THR Y 37
DOEBTH S FEMIINHK] [KT] 22/,

FOH%. TOWEREDBHICH. BREHD compact 3-manifold & ZTNZEEKSE
T3 graph OHENHEE Rz, TORDOHE—HEIITRET SN, S OEE
EEZL ORRINBELED DT, TITORKIZZD introduction DEEEZRRBIZIE
EBTHBS(—HIE. [#4886] [F1E89] KT DR & exampe A1H ).

§ 1 compact handle free 3-manifold.

Definition 1.1 compact (connected) 3-manifold M® %% handle 2§D &S DI,
H,M, 8M; Z) ®5t& LT, nonzero /& 2-sphere S* #7213 proper 2-disk D* 2t M* i
FHETZZL%EE S, handle Fi=zWWb D% handle free 15,

Definition 1.2 M" #compact (connected) n-manifold &9 3,

AF{By, By, ... By} M O disjoint closed n-balls Dset &9 3,

A=A UALU ... UADSRDOGEZERT=T & & M O ball covering &1 3,

(1) BgU By= 3B U 9 By, (i#)) kZekibhid. (n-1)-manifold T,

(2) UA=M".

k = n+1 (non empty boundary @& &iXk < n) TEWIZ &, n=3 TiX —KIZ k=4
ELUTEL, k=1 TEWI EENASNTNWSBIKT] .

Lemma 1.3( [lemma 3.3 in [NHK]) M*B,UB,UB;%t M @ ball covering ® & &,
inclusion 5 E & 5D ¥ DEMIT injection TH 5,

i:Hy(B,UB,;;Z) — HyB,UB,UBy; Z)
ROBEIIEARD DS manifold Z edge-coloured graph THEEHTH7-HDH DD,
SRTDKHBBETHD. BANS 2G8UHLBERI & KEHTH T LITTRES
A TTTIR. BT B,

Theorem 3. {£5& ® compact 3-manifold M It LT, ec—quartic graph (G,c) #t
HFEL T, WG,0=M F7=iX QG,c)=ML72 3,

®iZ, IM=P4 &5k >5IThell,2,3,4) 28RS,

Proof.

closed BZHEITHL TR T TICEHASI N TW S O TINHK]. compact connected
3-manifold M*+B® 32 TRWERZH S, TDLTD component I 2-shpere Tt
BOET B,

M3=B,UB,UB; X ball covering T( 2D Z LW THAHE ),
(1) BNB; (i#j) i nonempty T 2-manifold,
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(2) B;NB,NB; & arcs(proper in M) & loops(in interiour of M).
&7 5,
(1] £9. B,NB,NB;D 0(loop) ZHETHIELEEZD,

loop 2iHBDT. HlAEK. B,NB; DK(component), d KD 0725 K MEFEET 5,
dK @ 0 LSAD component TBNB;NIMDHDE m &§HWHERS 1,2,3 ZH

DEZTHIWN),
1
G
S I

KDBMILDHNE PEm ONE QZF X proper acc A 2&D, TDO M TD
regular neighbourhood % N=N(A;M) &§ 5,

B',=B, UN, B, =cl(B,-N), B, =cl(B, -N) £¥5& M=B,UB,UB; & ball
covering T. B,NB,NB, ® loop 231 D> Tarc iKZE-> T3, Zhze< DhZEid,
TARTO loop i arc T B,

B,NB,N M, B,NB,N dM, B,NB, NIM iz2WTH, FkEICLT loop % arc i
LA D

[2] #R ELT. B,NB,NB; N M IZHRMED points T, ZOHREZV £T D,
B,NB,NB; ®¥E#IZ M @ proper arcs T, B,NB, N dM, B,NB;NJdM,B;NB; N JIM
DI R THcomponent IE d M @ arcs TH D, N5 Darcs DERAEE £TDH L&,
G=(V,E) X graph T#% %, E,=le€E:eCB,NB,NB;}, E,=le€E:eC d MNB,NBs},
E,=le€E:eCB,N d MNB,}, E;=fe€ E:eCB,NB,NIM} ELT. HE, D edge ik
#45% 5 colouring % ¢ &9 %, (G,c) 13 ec—quartic graph T %,

BNB, (i) 4% 2-disk 7 B> TWB ERBSRND T, £ Q(G,0=M &iz2oT
WA RIERTR N,

[3] B,NB; DK(component)#2-disk MFHELZET B,
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dK MEM2D components ZA &£ B & T3, AbB b4 L2 OTNSRSB, AD
B4DDaDRRPEBOE2DALD DAR Q% KO properarc C THUL, D
regular neighbourhood % N=N(C;M) &9 %, B',=B,UN, B';=cl(B; -N), B', =cl(B,
-N) &9 5& M=B|UB,UB, I ball covering T. B,NB; Mcomponent D #5745
MEo T3, ThhZE2B VIR B,NB, I 2-disks &/25, ZDZ &2 3-balls D
intersection Iz L THITAE, BNB(i#) 4 2-disk hSRBZ & &5,

[4] BN aM DK(component)#2-disk iZxLTH, £o~=<EHKICLT. BNIM
M 2-disks £RRBEIICTES, ZNT theorem 3 DIEHIIZRT 5.

Theorem 4. M*#! handle free 25 i¥. Q(G,0=M &3 graph G I3 simple iz &
h3,

proof.

M7 closed D& ZREHENTVBDT, dM*=d D J M iX2-sphere
component 2FXRWNET 3,

M’<B,UB, UB; I3 ball covering T. (1) BNB, (i) i& nonempty ¢ 2-disks, (2)
BN dM ® nonempty T 2-disks L{REL TEXW(Z DX 5724k % ball covering
disk property &¥23),

V={veB,NB,NB; N d M }, E=E,UE,UE;UE,, G=(V,E). =% L.
E,=leCB,NB,NB;:e is a component}, E,={eC d MNB,NB;: eis a component},
E,=leCB;N d MNB;: e is a component}, E;={eCB,NB,N dM: eis a component}.
7z, c:E—{1,2,3,4} & cle)=k, if e€E, & colouring 2E®H & Q(G,c)=M°,
FENS, 3D multl edge REWELTRN,
(1) e & f M vertexu & v Z#KE multi edges T, cle)=4, c(f)=3 (—Hht4) DHBE,
e i3 proper arc T f {35ER LD arc THD, u ICBETHEEAE u,,u,, v ICHETS
BREV, v, £F %, ay~{u, w},a~u v} by~{v, v;} by~v, v, } T, c(a)
=c(b)=1, c(a,)=c(b,)=2 &L & 3,
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e & f A bound 5% 2-disk # D &9 %, N=N(D;M) # D ® M T®Dregular
neighbourhood & U T, B'#=B;UN, B'y=cl(M,-N), B';=cl(M,-N) LT hizhii M
@ ball covering TH %, L. a,,8, 258 cycleC, & b, ,b, 25 cycle G, EMNR
2o Thhid, TO®EICE > TH SN ball covering 13 disk property &5, L7
A5 TZ D ball covering 7 55€ %% ec—quartic graph £D HDH M® EH 3,

Co& CHREU cycle DEEIX, ZOEAET B, NIM A annulus S'XI Z2H5PE S
KB, ZORHE B;N d M i proper 2-disk Dy 2835 T Zh A Hy(M, d M; Z) @
non-zero element TH 5 ENWEBEINT, ThIIFETHS,

(2) D&EIZ. e & fhvertexu & v 2# 5 multi edges T, cle)=1, c(H=2 (FMH L b
N4 TRW) OB,

e & fIMERED arc THB. uiCBHET BEEZ u,,u,, v ICBET BTHE 2V, Vv, &
T%. a,~u,u},a~{u ul b ~v, v,} b,~{v, v,} T. cla)=cb)=3, c(a,)
=c(b)=4 &L & 5, e & f# bound T 5ER LD 2-disk # D &£ 93, N=N(D;M) %
D @ M Tdregular neighbourhood & LT, B'=B,UN, B',=cl(M,-N), B';=cl(M;-N)
EThiIEZhiE M @ ball covering Thsd, TITH. a,,a, 285 cycleC, & b, ,b,
230 cycle G, EAR2-> TWhiE, ZOHREICE > TH 5N ball covering 1 disk
property Z&bH. L7=4io T I ® ball covering 5 5 &% 5 ec—quartic graph D H D
AM E2EDS,

C, & G cycle ® & &L, ZD#EIET B,NB, #t annulus S'XI #2&H L Sicix
%, lemma 1.3 ;5. 222 HM, dM; Z,) @ non—zero element T35 S* DEFENRE
RBINT, FELEMND,

ZN'T theorem 4 FFEHZI N/,

theorem 3 & 412k 0., BR#FHD 3-manifold b ec-quartic graph ZHWTHAT
ZERNEZ 5N/, [NHK] &F#RIZ, manifold 28X ThEEET S graph @
BRERLUONDN, ZITREBLTSEROIELETS,
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