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1. INTRODUCTION

KO S 00 knotOF O K O Seifert surface DO OO F O free00000 O
71(S® — F) 0O freegroup 00000 00000 Ocl(S? — N(F)) O handlebody O
OO0000000000FO free000000Onon-freed0 00O

Seifert surface 0 compressible 000000000 0000 knot O free Seifert
surface [0 non-free Seifert surface 00 00000 OO0 incompressible Seifert sur-
face 0O ODODODO

Hatcher 0 Thurston 00 2-bridge knot complement 0 0 incompressible surface
00000 (4)00000DO0OdO2-bridge knot 000 OO0 00O incompressible
Seifert surface 0 free 000000000 0OOO0OODO Ofree incompressible Seifert
surfacel non-free incompressible Seifert surface D0 00 knot 000 00 ([14],
[9])0 O O Onon-free incompressible Seifert surface 00000000 knot 0000
oooooooooo (8, [6)0

Giffen 0 Siebenmann O 000000 OODOO

Problem 1.1. ([5, Problem 1.20 (B)]) Which knots bound an incompressible free
Seifert surface?
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Proposition 1.3. Let K be a slim knot and F an essential surface properly em-
bedded in E(K). Then one of the following conclusions holds.

1. F is free.
2. OF 1is meridional.
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Corollary 1.4. Any incompressible Seifert surfaces for a slim knot is free.
1



K 0000 free Seifert surface 0 00 0 00 genus O free genus 00 0 O gy (K)
0000000 gp(K) >¢(K)00O0D0 000000000 Onon-free incompressible
Seifert surface 000 00000 knot 0000000 000D0DOODOOOODODOO

Corollary 1.5. For any slim knot K, g(K) = g;(K).
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Theorem 1.6. ([13]) The following conditions are equivalent.

1. There exists an incompressible non-free Seifert surface F for K.
2. There exists a closed incompressible surface S in S® — K with o(S; K) = 0.
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2. RESULTS
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Theorem 2.1. Let K be a positive knot and S a closed incompressible surface in
S3 — K. Then o(S; K) # 0.
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Corollary 2.2. Positive knots cannot bound non-free incompressible Seifert sur-
faces.
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Theorem 2.3. Positive links are non-split if they have a connected positive dia-
gram.
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Theorem 2.4. Non-trivial positive knots or links are prime if they have a con-
nected, prime, positive diagram.
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3. PROOFS
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Theorem 3.1. Let K be a positive knot or link in the 3-sphere S° and F a closed
incompressible surface in the complement of K. Then one of the following conclu-
sions holds.

1. There exists a loop | in F such that Ik(l, K) # 0.

2. F is a splitting sphere for K, and any positive diagram of K is disconnected.
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FIGURE 1. View from level surface
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Lemma 3.2. We may assume that
1. SND™ =9
2. SN B~ consists of disks
3. SN DT consists of arcs
4. any component of SN BT — Dt is a disk

|ISNB~|0 |SNDT|000000000000SO S%—K 00 incompressible
00000000|SNB-|#000000000|SNB-|=100 [SND* =00
gooooo 20000

00O0|SNB~|>100 |SNnD+>1000000000

O00000SNB~-0000SNDTO000000O00O0O00O0S OO connected
graph GOOOOaO ple) 00 KOOOOOOODOOOODOOOODOOO (Figure
2)0

ISNB~|0 |SND+ 000000000 lemmaOO00 D00



1w T T %

FIGURE 2. a and p(«) have the orientaions

Lemma 3.3. For any edge a of SN DT, p(a) Np(K~) # 0.
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Lemma 3.4. For any face f, the cycle Of can not be oriented.

FIGURE 3. p(9f) has non-zero intersection number
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FIGURE 4. v with the property (*)
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Lemma 3.5. We may assume that

1. SND~ CepUey

2. SN B~ consists of disks

3. SN DT consists of arcs

4. any component of SN BT — D% is a disk
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Lemma 3.6. For any arc o of (SN DT) — (ex Ues), p(a) Np(K~) # 0.
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Lemma 3.7. There is no vertex of G with valency 1.

Lemma 3.8. There is no face f of G in S such that Of is a loop of G.
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Lemma 3.9. For any face f, the cycle OF can not be oriented.
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