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Non-singular extensions of circle-valued Morse functions

AR
(JUNKERR < 747 + £ 7 R—=2 a VHEIREHT)

1 FC®IC

FRONEE 5] KESVTWS. FHIIEZE 5 2BBLTVEE SRV, T, SRS
DEIINT S HVIRD 0 ¥ L, EcHNS S BAETshTw3 2T 5.
AR TR TOMERE 2 3.

Question 1.1. M #[A NI TRERBAMIE, g: M x [0,1) — St ZEAANOHIRD circle-valued
Morse T H 2 X5 DIAAL TS, ZOL X, BANP M TH3 X57%ar 7 b THhERT
ATHEZR 3 RILZHRIR N, ILdiAA G: N — ST TR

M x [0,1) —2= St
N

ZAHINC T 2 S DHPFET 27D DEMIEMR?HL, i 1& M x {0} ¥ ON ZR—#T2X5%n
7—iEfEr 3 5.

Question 1.1 % circle-valued Morse BIZ{IZEI 3 % non-singular extension problem & FE(X
LEEoMEDEZ e LT “HAGOLEN REHZ 52 2 XA ZITHR 572, Question 1.1 1ZHF
%% 2% Theorem 3.1 TH X 5.

Question 1.1 {ZLLFD Morse B%£412EI3 % non-singular extension problem % Z#&1Z L 7.

Question 1.2. M % n ZtHAZEIE (n > 1), g: M x [0,1) — R ZRANOHIRL Morse BET
HBEIRNDAALTE. ZOLE, BRAPM TH2E5%a> 7 (n+1) LEHE N, Ik
»iAAH G: N — R TR

M x [0,1) —2= st

| A

N

ZRHIC T 2 DHBTFIET 27D DEMIEMN?HL, i 1d M x {0} ¥ IN ZRI—H3T 2 X5%D
7—ilifEe 3%,

* e-mail: iwakura.kouki.285@s.kyushu-u.ac.jp
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Figurel: b & f: T? — St

Question 1.2 1% Morse BIZIZEE 3 % non-singular extension problem & FEEA, £ RS T
W53, LUF, FATHR OB 21T 5.

n =1 D% A, Blank-Laudenbuch[2] i X DRI N TV, n =2 DHEEX, M DA EFITA]
AE7sPARIE @ & =1 Curley[3], M 3 A RIREZLPAREI O & %13 Laroche[6] 12 & o THIFE ST W
%. Curley % Laroche (& Reeb 7' Z 7 Z WA G HOER R FIET Question 1.2 1T T 2F 2%
Al &7, = RD n 12OV TIE, M = 5" OLEMHZE STV 5. Barannikov(1], Seigneur(9]
TlE Morse A% AV TIHEDTHONTE D, FiFE TIEEAEHLER, BE TIIHIRE R S48
SROSFTREIC 2 2 7o D DB SRR 52 TW 5.

2 FAsE

FEETH 2 Theorem 3.1 ZHENT 272012, W OOHELERT 2. H LXK [ 2551
LTWhEE0.
2.1 circle-valued Morse BE8%&

% 313 circle-valued Morse B Z EFR T 5. RREICBIT S circle-valued Morse BABUCREE 5 2 FH5E
& [4] BBEC L

Definition 2.1 (circle-valued Morse B%{). M (ZPARRIN . 35, Gi% f: M — ST ICHLT, fO
R SN2 TIERILT, R ENEWICE R 2 ¢ %, f % circle-valued Morse B>\ 5.

Remark 2.2. & Tl circle-valued Morse B3 LT, (LDiAADFIT I IZT 5. HlzIX
Figure ] \IZHEPNTWEID A f BARMTIE circle-valued Morse B L THET 5.

2.2 labeled Reeb 7’57
iz circle-valued Morse BSE(D Reeb 75 7 2 EFE T 5.

Definition 2.3 (Reeb 7' 7). M %[ Z S nlAER AR, f: M — ST % circle-valued Morse
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YA

Figure2: Reeb 277 7 OTEAJE D DREF.

Sl

S2x[0,1) —

Figure3: labeled Reeb 7°Z 7 @ EAKH.

B35, 20X, z,ye MITHLUT, FEREFR ~ 2RO LI ITERT 5:
r~y <= f(2)=fly) 22 z,y 3 f 1(f(z) OFUERBRIICEENS.

ZOFEMARIFRIC & 2RIZEM % Wy == M/ ~ TED, f D ReebF 7725, %7, TORENA %
Wiz TEEES £ W, — ST E—RIMCEES. HL, qp: M — Wy BREHL T 3.

M_f>51

| A

Wy

[ OFBROBFER T CTHEAREZEZLbDIIHET 2 Wy ORERERE T2, W 30 2h»0F
R 7 St oIEfITcREIN, 77 7 DIELE D TORETIE, Morse O [7] 2> 5 Figure 20\
TP TH .

iz, HHRADHIR f A3 circle-valued Morse BfITH 21D A g: M x [0,1) — S icoWTH
Z2%.peMx{0} % f OMHFAA, weT,(Mx[0,1) ZFHAIZRZ bLET . ZOEE, gHL
DIAHTHZBIEHS dgy(n) € Ty St 1E 0 TR, ST DMEICOVTE, HOWFhATHS. IE
TH2ZplItnT 2 Wy OTEAI “+7, ATHI L X “T 2575 3.

Definition 2.4 (labeled Reeb 77 7). EOHIETEIERIFS 2G5 L7z Reeb 75 7% f D
labeled Reeb 457 L LY, W/ TT.

Figure 3i% labeled Reeb 772 7 O TH % .
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M x[0,1) N

Figure4: g @ non-singular extension ® A X —

2.3 non-singular extension

non-singular extension #E#&% 73 5.

Definition 2.5 (non-singular extension). M (&A= i} AIEEARBHRAT, g: M x [0,1) — ST 135
FANDHIRD circle-valued Morse BaEITH 2 K5 RINDIAA L TE. ZO X, HWHAVB M TH5 X
57 a8y b TRIZTATEER 3 RITLZHEIR N, TidiAA G: N — St TUToXKR 2 #uc s
2bDDBFET S L X, G% gD non-singular extension &\ 5.

M x [0,1) —L= st

177

N
HL, i: M x [0,1) = N & M x {0} £ ON 2FA—8T 2% 5 —FETH 3.

g D non-singular extension DA X — KX Figure 4 iIZfirH T\ 5.

2.4 collapse

Definition 2.6 (collapse). M I[f & {4 iF rIREZBHEHIE, g: M? x [0,1) — ST X f = g|mxqop A
circle-valued Morse B ITH 2 £ 5 MDA A L T 2. /2, VIZERZ I 720w 2hD St D
IEZM, h:V = SYEXZ 7 7D, ST ADHIRPIEDAATH 3 & 5 REHGESRE T 5. #EiE 4
C:W; =V PUTOREEMZT LT 5.

1. CuItkh, W OTEAIR V OTERE —N—IHiET 3,
2. TORNIIAI#]TH 2,
wi L5
| A
v

3. C DRFTRZENE WS, V OTERELIT Figure 5 DWIFhhTH 5.

ZDr %, C % collapse £\ 5.
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M+t M-

To—(Ty (D=
f/&}xii; iﬁf}*»f”‘
Y- k=

Figureb: collapse @ Wfi, V OIERJE D TORET.

X 512 collapse 12i% “allowable” ¥ \WH HEZERTE 2. Figure 5 D G, G~ DIETHNZ V

DIEAFMOTEAZEE D LR R o BB 2o TW\W5. 22T, C DBICHATWS GT, G- TOV
DTEHRBRMTHNS ¥ &, collapse C' % allowable collpase ¥ 5. [EFERERIZ [5] SR ah
720,

3 FEHER

3.1 FEIE

Theorem 3.1. M %A & I AJHER AT, g: M x [0,1) — ST ZBEAANDHIR f 2 circle-valued
Morse BEEITH 2 K5 RIMDIAAL T2, 2D, av X7 FTHEMIATEER 3 RICEHEIK N,
g D non-singular extension G: N — St DFET 2 72D DB+ M41E,

VW OhDERS T 7 e ST oI,

c h:V =St BRZS 70, SY ETREDAATH 3 & 5 EGEER,

- C: Wfi — V: allowable collapse,
DHEETHIETHS.

oMo Nz LaH L TH <.

a7 FTHEENIATEER 3 RILZREE N, g D non-singular extension G: N — S' 2352 5
N 3%, 2ok =, Definition 2.5 IZBIF 2 AHKKNTDH 7 —ifih HFE E 5 collapse A3
ERREBEERI-T e TRENS.

WX, BRonizV, h, C 2W0WHHAEOENREHIZIES T, Figure 6 IZHirphTWBE =V %
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MOD(M+) MOD(M ™)

¢

MOD(N-) MOD(N*+)

Ay Ag By B>

Iy

MOD(S+) MOD(S-)

Figure6: Theorem 3.1 12T N, G ODEBICH W3 8=,

Figure?: ¥iiAs g: M x [0,1) — St

Mib&EDE, N, G ZEBARICHET 2 2 TRahd. A%, I TEARFIZ HNTHL <
AT 5.

32 B{f

Theorem 3.1 DFEATIX, V, h, C 352 5172 KT Figure 6 D 8=V ZHWTa > 87 T
W\ & Y AIREZR 3 RITZHEIK N, g @ non-singular extension G: N — St Z#l 3 2. LIFTIE,
Z DR BRI Z VTS 5.

%9, DirdA g: M x [0,1) — St % Figure 7D L 512522, DX &, f @ labeled Reeb 7
77 Wj%t ¥ Theorem 3.1 D2 R7=TV, h, C 2 LTFigure 8D k5K b0 EZ 5N 3. S
DRT, L2V OHADBR TRV D25, ST O E 2 i3IS, h OiF§Y G OGO HhH
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Figure8: N, G 23 2 DICAV2 Wi, V, b, C.

-8 8,

Figure9: collapse C @ ST IZHIGT 2. FRESI SIEIX L 72d DI, MOD(ST) @ Ay, Ay Zhf
DEDETVS.

Figurel0: ST, ST 2B 2K L &Y L REDHE O/ D GhbETELNL N, G.

DEKER ST, f OFEDE DB OB R DEER ST, C ko TEALPERMITIONATVE XS
N, GZHRLTWL. Hlz12, FAR» 50T ST, S— s T 2 THE TOMEE RV,
Figure 8 TC @ W;t, V OTESE D TORNZERIE ST, S~ ThH2. #-T, Figure 9 D X 5
W ST WHIET2TEHAED TOMEIBEZ LMD, IZLALREBKICLT, S™ G T 2ELRED T
LHRATE S, LTlALABET W, V, h 2> TR SN ZSRIEDRY L REDOFIRER D &
bHE DB, Figure 10 DX 512 N, G B 1ELNS.
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4 SERORE

ARG TIE, Question 1.1 DIEAGHLEMLEZ TH % Theorem 3.1 2/ L7z, Question 1.1 1
Question 1.2 ZZZIZ LTI THNT=. £ Z T, Morse BIZD non-singular extension problem ®—
I LT, RO LS REDEZ NS,

Question 4.1. M % n ZItAZHRIK, L % | ZOuBHIK, g: M x [0,1) — L ZHEANOHIBEN L
EGBRTHD EOBUDIAAL T D, ZOLE, BRN M TH2a2 %7 b (n+ 1) RTEHE N,
MHiAA G: N — L TR

Mx[0,1)—L~1L

|~

N

ZRHUCT 20 DOFET 27D DRMIIMAR 2L, i 1& M x {0} £ ON ZR—HT2 X57%7H
7—ifEe 5 5.

F 72, Question 4.1 1ZBWVT, g G DFEBTETHRWVNRESESRIEET 2 IOREEDEZS
N3. 51T, circle-valued Morse BIENIIAE N H & DREBRAIENZ 2 BRI SN TE D, circle-valued
Morse Bz WA ' H DT ZE R ¥ LT Morse-Novikov & W5 DR 65 TW5 [8]. ZD7
®», SEOHZED Morse-Novikov BANIGHZHAF L TW5. £7, Theorem 3.1 X W EFEOFRER
EHABDEINCE LN 2D TRARVAE EIF LTV 3.

EHEF

AFFEIZ JSPS KAKENHI Grant Number JP23H05437 12 & O #AHIICEZEL TV =720 TW»
5. B, UNKESR 7374 /7 R=2a VEBRER T TS LADOTEEZZITTNVS. T2,
PRILFEIFIF - HEFRILS T H 2 R KR EIERN AT O B2 ZIF TV 5.
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