Morse functions with sphere fibers
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EE 1.3 mRITTHSZEEIK F 23, 2 50 m RITERIK D™ Z 8212 - THE
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2: m WILD almost sphere

I —T 5. 7272 L 6 RILLA FTiX, almost sphere [ZFEHAER) 22 ER 1 &
WA TH L2 EBMbN TN, (72F, T3 TORIET almost
sphere [ IFEAER) 22 ERIEIZFAH TIEH 5.)

AT, HIERIT 74 /83— almost sphere DERMEGD K S %4
Morse A% f : M — RZZE$ 5. LU F, 20X 9 7235 % almost
sphere fiber 4D Morse B & FE5. SO OARRIZEIT 5 Morse
BIg) VWO BEOERAEFNTIZ S (Morse BIEDOFERIZ DV T
[7, 8] & M) .

EE 1.4 CHEAKf M - ROTRTOBERSNIERILTH S L &,
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RNZ EIZHERE LT LY.
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iR 2.1 24K M 2% almost sphere fiber Z£F> Morse BI5 2 7F& 3 5
72Dix, M BT, EESAEDE 4 3D Morse Bi¥ g : M — R BNIFE(ET
LHZEMBENZTHD.

BB, b LEDL Y glbolc T 5. g Di/IME, HKIE 75:70‘%
Fiva,b b L, ENUANDEME (b LbHiIEN) Zc LB, a
c<b?%5.?5&Mm%®%@%(tkiﬁm%£%)#6,%$
72t € (a,¢) U (e, b) Ik LT g (¢) iIXATRMEDEEAER 22 n — 1 RITEK T D
LR E 72D, Ko THIZ ¢ 1Z almost sphere fiber ZFF>Z &2
5.

W12 almost sphere fiber Z£F> Morse B4t f : M — R H o7z &3
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= 2H)
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Bist OW 3 n — 1 IRILD almost sphere TH 5 & &, W % elementary
handlebody & FE5.

r=n/20&%, DI, W D2D r Y RVERIRHZAL D 417 TH
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handlebody & FES.
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EE 2.3 n WICHZEER M 23 almost sphere fiber % ££-> Morse BA%k
f:M— RZFTFETDHEHICIE, M Int D" 25, HBRE®D elementary
handlebodies (n =0 (mod 4) D & Z1%, AFR{ED elementary handlebod-
ies & A [R{H D pseudo elementary handlebodies) Dz HREFI & 4545 [F
HERDZENVLELHTHB.
REBIE, M 2.1 OFEB TR Lo~y AR %E 9 EWBIZHR L
RETZEICEVITY. B [11] 22 L W eE & 2.
FEHDORE LTRERT ZENTES.
F 2.4 HFE7R n WITPAZERIK M (n = 3,4, 5) 7% almost sphere fiber % £F
> Morse BB ZFFA T 572X, L NDOZERIKROWT I &85 R
ThHZEBRELITHD.
i) n=3:
S3 (#S' x SH)H(#°S x S?).
(Z 2T, 8'%xS521% S* ™ non-orientable S2 WDOEZEHTH 1,
E>0,>0,k+(>1Th5.)

(ll) n=4%: MlﬁMQ. f:fi l_/, M1 &j:
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My iZ1 2D 0 > Kby, W DODD 2N Kb, 1DD 4N K)v
IR DNY RIVoRE D, B4 RITGEHRETHD. (ZZ
T, S'%S%1% S' Lo non-orientable S WDOEZEFMTHY, k>0,
(>0,k+¢>1Th5D.)

(iii) n=5: 8% £72I%,
St x §*, S'x S, S? x §3, % S3

D a B —GBREOHEFER. (Z 2, S1%S8%1Z 8! E? non-orientable
SEIRDEZEMTHY, SZxS31392 Lo EEWL S ROLZERT
»5.)

25 M ZHERE2n RITGHAZHEIK (n >3) & L, f: M — R % almost
sphere fiber Z£f> Morse B & 45 &, LA R Y S0,

(i) M OEAFIIEHFETH .
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g‘g—l(g) : gil(g) — /¢

IX Morse BI3CZ DB R OHEEIZ 0 E72iEn -1 THHZ & Bbnd.
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B LBl e Wi aide s 2.3 KO 2.4 TBEIZHR~7Z. h—F A0
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EIE 4.1 M ZHERECHE AT RER SRS HIK L T35, oL %,
Morse B f : M — R T, &KIERIT 7 A /N—D 855 DRI 2> h—
FATHDH LIRS DONIFAET HT-DITIE, M BLLFICEET 5 %R4KD
WL OO A —DEFEM EBIFEIHE 25 Z e BREF S5 THS.

S35t % S2 L(p,q).
ZZTL(p,q) (p>2) 1% (p,q) OV RZEMERT.

AEIY, ARYERY R 3 RTEARIRTRZ HIWVTIT 5. FERNT [11] 23 .

L 4.11F, 3KILEHRIR £ Morse BAS D IEAI 7 7 A /S— &, 3T
SR DD B Heegaard 73fi# (3 5\ X Heegaard genus) 23V B4R
IZHDHZ EHRELTND.
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E& 5.1 M ZnRILHEZHEEKRLE T 5.
(1) M > Morse B3 0 B S iE OEE D fe/ME % (M) & EF<.
(2) M Lo "853 B @ B A A OB D fe/ME % Crit(M) & #E<.

HHAHACrit(M) b u(M) bEARIE M O FHALZRETHD. E,
PESRENZIE Crit(M) DB E L B EFRS L, MRS TETVWDL LD
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E#E 5.2 LUF X 2% &42.

(1) X NOBHEES U 2 categorical Th 5 L1k, WEEHRU — X M
null homotopic ThH b & X %EF 9.

(2) X % 5 categorical 72BAES DIEBDE/IMEN D 1 Z 51\ H %
cat(X) £#FE X, X @ Lusternik—Schnirelmann category & FE5 [6].
(b LZD XS RBESHENTFAELRITIIE, cat(X) =00 L EDS.)

(3) LRABHIE LT, T T (EARZEM D EOHTHHEDR)
ZWRMLTOoTX EAE b E—FAMERZEMZED DI L2 T3
DD I/IMEZ CI(X) &FZ, X D cone length &5,

4) 1R LT, ZHUCEKREO T —7 Lo T ZHA4 LT
TX &RE PE—FMERZERZIED 1D 0B THE] OOk ME
% Clg(X) &#FZ&, X @ spherical cone length & FE5.

Bk cat(X), CI(X), Clg(X) T T X OFE FE—RERTHS
FELLIX[3, 5] %%22H) .

e & 20X, Ekim S™ RICIXEE A R OMEEDS T B 2 CTd 5 Morse BAEH
FEL, E£728™1%, nkuhE (n — 1oLk Eo#E) % 1 AICHfT
THZLIZXVHBLNDDT,

p(S™) = Crit(S"™) = 2,
cat(S™) = CI(S™) = Clg(S™) =1
LIRD BRI ND.
ETER LEALBEORICIE—BICROARELD R Y SLOZ L35
T35,
iRl 5.3 n IRTTIAZHRIE M (n > 1) 12X LT, BARAFITHY 320,
9 < cat(M) + 1 < CI(M) +1 < min {Clg(M) + 1, Crit(M)}
<max {Clg(M) +1,Crit(M)} < u(M) <n—+1.
§2HEDRERLY, RN 5.

iRl 5.4 n RITPASARIE M (n > 1)1Z LT, LAR2EY 320,

(1) w(M) =2 £7257=®121%, M 2% almost sphere & 7225 Z & R LE
+aThH 5.

(2) w(M) <3 L7257=DI21%, M EiZ almost sphere fiber % 7> Morse
BN FET 2 Z L BMEH S THS.
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oz enb, £k > 2% LT, p(M) < k+1&R25EDITIF,
Morse BA%( f : M — R C, HEANEy € f(M) LT u(f(y) <k
ERDODNFET D LERRBRETFTHLZ LR THREND. Lo
BIZZDZEDREk=2DLIITIELWVWZ LZTERLTNDS.

FE 55 f: M — RZMAZLERIA M =D Morse % & 9 %. [9, Theo-
rem 1.1] 29 F<HWHTHZ&I2ED, b LAEANEy € f(M)IZX LT
p(f1(y) < kB SETIE, cat(M) <2k+1 &705Z LITGREHTE 5.

T, 8 5.3 &V, Crit(M) & Clg(M) + 1 O A & 72 5 73,
W& BARBIRERIC LV RGN TED.

el 5.6 BFFRIEQEE kI LT, HDMHLHRIK M, (ZDORITITE
(ZIAFT D) BFAELT,

LB, KR, #E
u — Crit
TN BTHRELLARVES.
oz &%, 4T LH Morse BIELE IR S 72V B EE 25 &, Bt
RREFUE DR A2 KIFICHNTEDZ L EZ/RLTND.

BRBICHEE LTkE2FTBL. ZoRMERELLS, b LRTFNE
3, ARTICBITBRT U VTREBMET HZ L1 5.

fERE 5.7 Crit(M) X u(M) IZZHRIK M ORE b E—AREED?

S XHK

[1] O. Burlet and G. de Rham, Sur certaines applications génériques
d’une variété close a 3 dimensions dans le plan, Enseign. Math. 20
(1974), 275-292.

[2] J. Cerf, La stratification naturelle des espaces de fonctions
différentiables réelles et le théoreme de la pseudo-isotopie, Inst.
Hautes Etudes Sci. Publ. Math., No. 39 (1970), 5-173.

10



3]

[4]

[5]

[6]

7]

8]

[9]

[10]

[11]

[12]

O. Cornea, G. Lupton, J. Oprea and D. Tanré, Lusternik-
Schnirelmann category, Mathematical Surveys and Monographs,
103, Amer. Math. Soc., Providence, RI, 2003.

T. Fukuda, Topology of folds, cusps and Morin singularities, in “A
Fete of Topology”, eds. Y. Matsumoto, T. Mizutani and S. Morita,
Academic Press, 1987, pp. 331-353.

wERIR [ 3% 7 P40 L Lusternik-Schnirelmann &7 2V — D & T
DFJE] 5 56 (2004), 281-296.

L. Lusternik and L. Schnirelmann, Méthode topologiques dans les
problemes variationnels, Hermann, Paris, 1934.

WAARSESS [Morse BRam D SEME ] A5 U0 EE THIRE D ILHE) 274, &
BENE, 1997.

J. Milnor, Morse theory, Based on lecture notes by M. Spivak and
R. Wells, Annals of Mathematics Studies, No. 51, Princeton Univer-
sity Press, Princeton, N.J., 1963.

J. Oprea and J. Walsh, Quotient maps, group actions and Lusternik-
Schnirelmann category, Topology Appl. 117 (2002), 285-305.

O. Saeki, Topology of special generic maps of manifolds into Fu-
clidean spaces, Topology Appl. 49 (1993), 265-293.

O. Saeki, Morse functions with sphere fibers, Hiroshima Math. J. 36
(2006), 141-170.

RS —BR TR AR ] e IE, 1992,

11



