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Fibered 2-knots and Thurston Norm

FK#E & 27 (Masahico Saito)

§0. Trtroduction | |
S* o o) smooth knot K (= S2) 4 fibered T#3&1d,

S*~K o St Lo fiber bundle T#'), fiber 13 M, rr=L
M®= punc M = M~TitB>, M closed orientable 3-manifold
NEBEV), LT, d:ﬁeomor‘PhiSm A M—M® 12d5T
S SNK=MOES = M I~
((z,0)~(ARK), 1), xeM®)

YZ11239 ZnhAE monoolr'om% ruwd,

it=, Ko Alexander polynomial fery 13,

fFxy=det (tI-Rx)

ThELLN3. =150, Reix, Atv Hi(M, Q) 12#5E 33
aulomorphism Té 3, |

Rolynomial £y v fibered 2-knol 2) Aloxamdler Po’znomai

L300 241,
_.1_
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(R) -f(l)? 11, BRERLBBROBARE p 21
THRICNRONT LB, AT, fibered 2-knot o
MOV HERAEL LD Y, 3T HITRSNTOIHKEE
T 12 EeehTHA. ‘ |
(0) Zeeman o twist spun knst [ Z)

KC S & classical knot £33,

(8% K)={(S KNIk (B B %, 8" U 57 D?

(TR K% RO BER'T3 50, £=0)

TH2503. Fiber iz (N0, NR13 S3 K121 &-Fold
cyclic branched covering @ 3. 20 covering o transformation
Ko monodrom# ki3, L2 T Alexander polynomial f(£)13
(1R-1)E%19t93, [L), IMLIP] 2T ZofA
— R St | | | o
| (53\'\0;5‘ YT, Tw i twin” (IM))
e< 1z §=identity o313, fiber 3 (N0 Y, (Nb, 3
N® o branch set (Ko lift) 12385 T surgery L2207 ),
monodrowué 13 F ')‘ finite order EF0.
(1) Untwisted spin of classical fibered knst

(S% K) pvclassical Fibered knot o X121,

(% R)=1 ¢S KONTa (B3 B Xt U §2xD? i
% -gibered knot €73 fiber 11 (f‘% x5 (413Kn genus)

_o- |



200

Alexander ?o\ynomia\ 3 Koz %L,
(2) Asano-Yoshikawa o755 [A-Y)

£44 (R) & BRI 4B polynomial F£) 12771, F(X) & Alexander
?o\ynom‘lal- c LD fibered 2-knst WBETIZEN [A-YIIZ
BT, Rokkiz LTHEBR SN2, |

f Fm—=Fm &rank mo free group Fm o Oufomorphism T,
RKoFEd), ) EhrTEndd, |

) Ao abel e by Z"=Z™ 220, det (£I-fx) = F(X)

ab 2L, T T | T ARG (A=1om) > (R |
"Andrews- Curtis moves” [A-CT & Krivial presentakion 123,
2neE, Vi & 4RT Randle bbcf’gur R Un—Um & |
o= ATV — T (V) £ 3 diffeomorphism €43 E3F,
Vn X 5' 1 ARIES 12385 T 2-Ravdle & attack 3¢ B® 122,
’zmbouno?owa (= K#r3 fibered 2-knot 2 ER.I N3,

20F5R T fiber 3 (# 251 27,0 3,

KL BACA T, (0)T13 fiber LTI 30151 3-manifold
WTEIN Alexander polgnomia‘ 121 (-1) ERIt23 L)
PR3 23, =5 (1) (2) T Alexander polynomial 138 i
a3 fiber kLT3 (#3xS)° LTI D
N3, .



201

81, Thurston norm to B4
F & orienfable surface L, F-=Q| Fi &% componeit £33
3, X-(F)=§}max{0, —X(F)Y ¥ Fa melex:'ty v,
M & closed orientoble 3-manifold £t43E3, 0eH2 (M. Z) 1=
WL, xy=mnd X-(F) | (FI=a, FCM 13 closed
orientoble surface embedded WM} L RETIE x1&
pseudo-norm 124!), Hz (M R) iz #5012 L& T3, 2k
Tkur:ston norm LLD. A=, MpvKF
(x) X3 Hz(MZZ7 to norm ¢H3

(& Ha(M.2) 0 0 TV T & represent § 31450 cubedded

surface o) Euler K tv B GH3 )

EBT S, Trage( DIff (M) Adt Ha(M.2)) 13B1 T3
CIRE Thurston [T1 ) | |

L=8v>T fibered 2-knst K CS* o fiber M® 12351, Mo
Rt () B30T § 1513 Ko Alexander polynomial 12,
BINEHL, (I"-1) 8| )PomAnB LS. NG
0 0 (0) 1LxTReLTV2. #12 8B 1 Alexander polynomial £
£ fibered 2-knst o fiber 3 ) &I v Lo Tritid
HLIgude, B 80 0 (1),2) T13 fiber @INT (#5524 3")°
(Romology & represent 33 surface 13 INTS?) Tho1=. PAE0)
Tens, 5251t Alexander Po!ynomial £Et0

— 4_._
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fibered 2-knst &, fiber v irreducible T#H3tndv
BREIIN, tuodMBEALS,

82, Main Theorem |
f K)oz classical f bered knot J)Alexander POIynomnal
LDz F1F 13, o o |
(%) f=2fdYH) (e f(ﬂﬂc(fi)'lk for some R€Z)
Mo () &AET |
THhI,

Theorem.  F(£) & (Ro) & i1z § £ 5. polynomial & F3E 4,
Alexander polynomial #vft) . fiber 13M°, Mig
irreducible £733 fibered 2-knst #vBETS, |

Qutline of proof. (S*, K) & Alexander polynomial B+
(1) i3 classical fibered knot £L, (3%, K) & 2o
unfwisted spin (80, (1)) €93, |

(S R)=1 (S KON Tan (B, B)}xs U 5%~ D?

N(KY & (S°hTn) Katublar neigkbourhood T, N(K)353
phrdtorl, pEStats, TE(INKND xp (C SHK)

€93, -
._5__
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. P
(5%, K)=1 (S K)ONTH (R’ BY  x B U 52x D?
(&
oNKK) xp =T (=T2)

\l T 52XD2 , |

{($ K~IL® BYYxp ~ fig. 1

TIIRoEELD ! o |

O (Y. K)odnTofiber S (¥ (555D, 1Ko
genus ) 12 Lronsverse A

© unknotted (ie. S'%xD?#bound , [H-K3) in S*

S* R T To tublar reighbourhood & N(TY, 9N(T) L o> simple

dosed curves m, Ui, 02 & |
m= 2D2 C D?x T2 > N(T) CH(SNT. D generator
11 CS (Ko—#oTfiber)
12 = (Sral1s) x@iberakf)

L3, |

0 im Hi (3T Z)
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3t=, Ix'xD? 5 boundary L 1= simple closed curves. m” 01 0%

E'x%'x'LDj D m’= ‘P.XFZX 2D?
P, P, D § U= S'x pax ps
Ps L 0= P x S'x Ps
e, difeomorphism i (S S D) — 2(S* LENT))
Eo(Am)-mt&l . REZ |
{ h(ei)=10: , h(2)=4:

EhETtoris. @49, 155TRNMYY (5x8%D)
BEWS* e, DrhoryAis ot')', Kad R Tofiberiz
BIL surgery ELf2Cichi30 ¢, 2o Aiz3 S surgery
%%, #oLuStado fibered 2-knot K #0455n3,
(K3, Em{ibering(:?ﬂ’c ‘equivarionl Dehn suﬁger%"zi LT
TEk 2-knsl T”H3.) -

g (g(ﬁrsz;s')°)

SAT < / L. | é
(=5") (1 \ fibering o7l
91 o , ,
m (2 | =2
:)xsl K xD ,
Ko fiber fi%.E
(2(TH°) |



205

W‘Ci%.? 13 Ko genus i1 a CFERLTOVS. 10 ball, 2aball
BREB-RI3L@ =SV T3, IndizKaTfibero
(2 TP) BN T0T, Takiz SAT v 3,

ho1=d 3 surgery TTE 1= fibered 2-knot Ko fiber 12, S,
SaT iz, 7(WR)- surgery LTzt N TH 3, fig. 313 %0
fiber M & FL L 3.

_8AT

@D

monodromy o REM . Ko mo'no&,v‘bmla(, EF:52, Ka |
monodromy & Fa 1 M°D £¥3€&, SSTEN(SAT)® MNTANMAT)

133

). Filswansed = Fﬁ’MD\Iy\xN(M‘}\T) DAL,
Hi(S:Z), HM:Z) o ERT LT, Z2nZN SNTRENCSATY,
MPSTAANMAT) M a1 lowp E LI LB TFI3NT, LAZEBS,
(Fule = (F2)x k3, Ko Alexander polynomial 3 Ko zais
lunT, Ko Alexander po[vamia{ @) £t 3,

- R—
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M@ irreducibility | (Bt R ntstkmiIcd3) MEUTos
ITRBLIRNT, KT EEorHKngenust1c§3) L-L\VI. &
2-componenl umlink £L, %3N = ONWL2) &, Li 0 meridian-
longitude pair & Lz o meridian- longitude pair 1= 597 diffeomorphism -
£33y, S~ TNWIUNLDY @ boundary & 3 TEI-78LTTED
3-manifold & # &8 T#3 ! |

SNIHAN(LOIUNWLDY /g = # S8t
ShERafiber S ¢ B Zadis, SAT 12 fi3.4mﬁu: X7
03, M SAT 2585 T surgery LTS5 R 345, Fig.5 o
Clink L=LTuLy 2L, 97 NI —=N(L2) & § 715 8 5h3
Aiffeomorphism € I3 X o

M §°~ T INLH UNADY /g7
€13, L 13 wsplittable link T, cnddizL7 G333 mantfold
13 breducible 320 Brukes [BI12d>T DT 3, Lipv>T
M 12 irreducible T3 . |

/'SnT
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§3. Other Examples |

WMENBREE BWT, 351230 fiber 13> fibered
9-knot ERNRTDZENT I,

Ki, Ko CS3 % (unknst THUW) classical fibered kicts
r33CE, {ig.e nddz, SN Ki#Ke Wiz, disjoint 1=
ambed Thitz, Ki#Ke oA Tofiber 1= transverse (=243
3oatori To, T, To #BRTD. §2 cAMIS, K #Ks
o witwisted spin Ki#Kz 882, To,Tt, T2 v St Ki# K
RIEXN>TO3ER L, TSI fﬁyz“_e%uivariarf( Dehn
surgery " EJ3Z2Li2do T, #5LL fiber Ay ¢X3. fig. 7
30 Tt fiber 2R LTV 3,

(S® Ki#K:)~Tnt (B’ BY

T

T
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e
/ Cl O

0 0

D) CLn—d

\j\/l\/’\_/

I- Ti‘b,figﬁ ¢, KicK2 o genus P 1 ¢o'), T,
T, T2 12:B->T i 43 %@o , 1/&1 , 1/&2- N surgery LT
C&fcfiber TH3, BUEIZ K1, K2 9 genus & rzr,
~connecled sum o B & 18 LT H< o Tori 12385 T surgery 93
S, UBLB T 3omanifeld  fiber £LT 55 fibered
2-knet B 3CH T3, o

3, Period‘nc monodromg &2 classical fibered knot
(Torus knel ) & complement o 12, ATy f iber 12 Tramsverse
1 immersed Torus % 2<'), SN urtwisled spin E£ 2, 4RT
T ombedded Torus 1271h'LT surgery I3B:ELEZ5N3 0\
SomB 13 TEE 2-kndt periooUc monodromg E107-H,
§0.(0) 2 5A THM TN D 2-knol L-F LTLED FIRELE A
h2,
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8 4. Final Remark
8 2. 0 Theorem 01 En polynomial 12201 T 4% (%o) THK,
—f%z (R) TRY IO L7 fibered 2-knst & 593 2oniz,
80. @) 0 RCAERBYITLIVELSNE, Flhb,
h Fm—=Fm & rank mo free grovp Fm o aulomorphism T,
0. A YA 122, KnFAra) L:hrdtar 33!

@) Rid 173730 fixed point ¥V (TeFm, RN=7) &
15, T(Vm)2Fm T &represent 33 simple closed curve
T &= 535" 10e3, 5t S X5V ST
embedded Torus Tz = T% 8 svrn3 s, toTy b S*nas
unknotted THILII2TEF3, (Vm, A Fizo0T02 30
%88 |

SnCE, 80(2) n kA TR LT fibered 2-knol 1233 LT,
€0 YRIMEIC T3 1238-T "‘e%uivawiavit Dehn Swrg@rgf” £33 Zé:_ |
(> TH 5L fibered 2-knol Av485 13,

238 deX(1I-Rx) A (Y EBETIDERIZ, BT
fixed point e Brrmu cetrin o T3, (cf [G-TD, (G,
[S1) Wiz, RaddA 3B o3,

Mxm-infeger makrix T delerminanl 4+l BBE & X1 Am
CdIEE, IAl>L, IAIKL (122,--m) EpT-F40E

' P'V ma-/tr-;x "y L\U\}V ‘Qutomorph,l\sm -E\‘, Fm‘*Fm [z ?q'(/z
. —~ 12—
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abelf Rx: I"=Z" $v P-V malrix tt13¢3 R & “P-V adto-
morphism” £ 1), Shallings 15113 Trank v 3L

RV ou?tomorphism 7 fixed Poivit BT THIL TR
ELTz. B126Y912 52 5tz adfomorphism 122 LT fixed point &
KH2AK 3 0onTud [Gl oy, —#frmid :m”f?@\lz;ﬁﬁ%ﬁ 1
h3. LU 2oFBAELTIIZ, P-V mdrix 2 Raraderistic
polynomiol CAI L7 polynomial 12T LT 1A, LicibA e L 27
BRAQRZLOZENNAS, Rl (R EHEL, 55 d D
[ E% JEK) polynomial & characteristic Pobmom}al YLTHo S 57&‘ :
- free group 2 aulomorphism I3 ZR 0> T VL), LD T 20)
B AT 3o L0 Tibered 2-knol g1 T 330 BNERBA T H 3,
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