Symmetries of spatial graphs and Simon invariants

o dgoooboooooon
oo g ogobooboooobobbuoood

§1. 00000

3000000200000 LO00000000000000000000000
000000000000000000000000KirkLivingstonO 200000 L
00000000 L000004000002000000000000000000,
0000000000000000000200000000000000500000
000003+30000200000 Simen0000000000000000000
0000000000000000B000000500000000003+300
00200000000000 Simen000000000000000000OOOO
0000000000000000000000000000200000000500
000000003+300002000000000000000000000000
000000000000000000000000 Simen000000000000
000000000000000000000000000000000000000
6|0000000000

§2. 2000 00DDOOOOOOOOO

L=JuKO30000S*00200000000000008 00000000
000000 ¢: 8 — 80 ¢(J)=J, o(K)=KOO0OD0DO0ODO0DOD0DO0O00000
L 0O CPA (component preserving achiral) D0 0000000 SP0000000000
0000 ¢: S — S0 ¢J)=K, p(K)=J0000000000000000 LO
CSA (component switching achiral) 000000000 JO KOOOOOOOOOO
O0LOCPAODOOCSAOOOOO LOODODDO (achiral) 0O0O0OOD0OOOOOOO
gooooogoog

00 21.[2]200000 LOOOOOOOOOOOOOIK(L)O0400000 2000
goobooo



0000 Kidwel 000000000000
00221200000 LO CPAD k(L) #0000 k(L)0000000

0000000200000 L0OCPAOCSAODODOOODOk(L)DOOCODOOOO
00000000000 k(L)ODOODODODODOOOOODOOUOODODUOoDOooooooo
0000000000000 0000000000000000000(2)3]1]00003
O0lk(L)=00200000 LOCPAODOODO CSAOOCOOOOOUOOUOmMOOO
20000boboooobobbuooobd
O000000n00000Lk(L)=n0200000 LOCPAODOOOO CSAOOO
gbooboogn
0000000 »-000001k(L)=4n0200000 LOCSAOOODODOOOOOO

gooboooobbbouooobobod

00 23.0000000000n00000Ik(L)=4n0200000 LO CSAOOO
gboboboogoon

gbobobodg230b0b0oduobboooooobbuooooonbboooooboon
0000000000 200000L0OCPAOCSADODODOOK(L)DDOOOOCODO
gbobobuoooobbboooobobooooboboooobobboa

02.4.0200000 L(m,e1,6,)00 210000000000 mOOO0Oeg0 410
00 -1000000000002200000000000000000000000
0000000 L(m,e1,62) 0 m,e1,e, 00000 CSADODODOOD e =e,0000

CPAOOOOOODOO
€1+ &9

lk(L(m, €1, 82)) =4m +
oood

000 L(n,+1,-1)000 2300000000000 L(m,e,e) 0 m,e1,6, 00
000000000000000000000000000000000000000
000



L(m7 €1, 62)

0 2.1

PO - X

R T

7 Crossings

SO0 ifn <0,

—n crossings
0 2.2

0025020000000 L=JUKO0000S00000000¢: 8% — S8
0e(l)=L0000000JO0KOOO00000000000 (oJ),e(K))000
0 (J,K),(K,J),(=J,—K), (=K, =J),(=J,K), (J,-K), (=K, J),(K,—J)0 800 0O
000000000000000000000000000000020000000
000000000000000000000000000000000000000



gooogbbooboboboboboooobobobobobLoboboooDbO
000000000 0 8000000000000000000 0 8300000
0000000000 LOCPAOOOCSAODOOODOOOOOOODOODDOOOO
O000C00O0o00O0oOg (2,2n)-0000000000000OODOOOOOOO0O0OO
0000000000000 0D0O00000000oDoOoOOg 240 L(m,ey,e) 000
gboboogbbooobdog21bog22000b0bo00bbooobboodan
gbooboogg

§3. 00 50000000000 3+300002000000000 SimonO0O0O

000000000000000000000000 (100000 WuOOOOOO
000000000000000000000000000000000000000
000 [400000000000000000000000000000000000
0000000000000 0000000500000000000 Simond000
003+30000200000000 Simon0000000000000000000
0000 [7J00000000000000000000000002000000005
0000000000 3+3000020000000000000000000000
00000000000 O000S00000000003+3000020000000
00 SimonO0000000000000000000000 Simon0000 WuOOO
0000000000000 0000000000000000 Simon0000000
0ooo[9[000000o0no

K:0500000000Ks303+300002000000000G0 K000
K;;000000000 f:G—5000000Simen0000 £(f)0000000
000L4(f)000000000000000000(9000 ¢:8%—5%050000
0000000000000000 L(pof)=—L(f)000000000000000
Aw(G)0000 GOOO0OO0OO0D0D00AwWG) 00 ¢0 GOOO0O0O0OOO0OOOO
oooooooO

003.1.000Awt(G)00000f:G—S000000000000000 ¢: 5% —
S300000 foo=¢o f00000 fOe-000000000



0032.0G=K000G=K;30000000000Aut(G)00 00000
00000000e-0000000 f:G—830L(f)=n000000000000

00 3.3.0 Aut(G)00 o000 OO (o,n) 0000000000000 ¢-0000O
000 f:G— S0 L(f)=n0000000000000000

gboboboooobbobodn

00 3.4.0 Aut(G)00 0,0 0,000000000(0,,n)00000000 (09,n) 0
00000000

003.5.0000Aut(K;) 000 Ks OO0 vy,vs,05,0,0, 0000000 {1,2,3,4,5}
00000000000000000 Aw(K;)050000000000000000
00 Aut(Ks) 0000 O0id, (123), (12345), (12)(34), (12), (1234), (12)(345) 000 0 O
ooooo

D00Ks3s000000 vy, ve, 050 vg,05,000000000000Aut(Ks3)000
000000000{1,2,3,4,56}00000000000000000 Aut(Kss)0 60
0000000000000000 Aut(Kss)000000id, (123), (12)(45), (123)(456),
(14)(25)(36), (142536), (12), (12)(456), (1425)(36) 0 0000000 0O

gobobboooooboon

ooo.
000G=K;000

00000 .00000((123),n)000000000000000000 06000
003000000000000
00000000 .0000 ((12345),n) 000000000
000000000000 ((12)(34),n) 000000000
00000000 .0000 ((1234),2) 000000000
00000»00000((12),n)000000000000000000n=+10000
00000-00000((12)(345),»)000000000000000000 n==+10
0oo



000G=Kss000

00000 .00000((123),n)000000000000000000 06000
003000000000000
000000000000 ((12)45),n) 000000000
000000000000 ((123)(456),n) 000000000
0000000000000 ((14)(25)(36),n) 000000000
000000000 .0000 ((142536),n) 000000000
000000000 .0000 ((1425)(36),n) 000000000
000000.,00000((12),7,)000000000000000000n =410
0oo

00000000000 ((12)(456),n)000000000000000000 n=+1
0ooo

b 34000 350000000000000 320000000000 bOO00b0O
gbooboogd

003.6.0000f:K,—S*000000000Au(K;)00 o0 id, (123), (12345),
(12)(39) 0000000000 L(foo)=L(f)0D000O(12),(1234),(12)(345) 0000
000000 L(foo)=—L(f)0O000

000f:Kss—S5*000000000Aut(Kss)00 o0 id, (123), (12)(45),
(123)(456), (14)(25)(36), (142536) 0000000000 L(foo) =L(f)0O000
(12), (12)(456), (1425)(36) 0 000000000 L(foo)=—L(f)0000

003600Smon 0000000000000000000000000000
D000 ¢: 8% - 5308000000000 L(pof) =L(f))00000000
L(po f)=—L(f)000000000000000000000000O00O000O0O0
000000000 S 00000000000000000000000000000
00000000000 S000000000000000000000000000
00000000000 $8000000000000000000000000000
0000000000000000@MO0000000000000000000000
00000000000000000000



§4. 000000000
00MO00004100000 f,.0 (1234)-0000 (13)(24)-00000000 (13)(24)
0 (12)(34) 000000000 £L(fne) =4m+10000000000000

.

fm+ K5 m,—(K5)

e ]

041

D0MO00004200000 f,+0 (1425)(36)-0000 (12)(45)-00000000
L(fme)=4m=+10000000000000

2m

b
3
fm,—l—(KS,S

0 4.2

ooooob4300000 f,0000000000000D00DOOODOOODOOD
000 (12345)-00000000000000000 L(f,) =2m+100000000
goooo



—m full
twists

fm(KB)

4.3

00DO0DO000004400000 £,00000000000000000000
0000000000 (142536)-00000000 (123)(456)-000000000000
0000 (15)(26)(34)-00000000000000000(15)(26)(34) O (14)(25)(36)
000000000 £L(f,) =2m+10000000000000

2m+1

[

V)

1

4

m(KS,B)

0 4.4

2

00MOo000004500000 f,+0(123)-00000000 L(fne) =6m=+10

goboboooooboon




00Moooooo4600000 f,+0(123)-00000000 L(fne)=6m=+10
goboobuoogogoboon

0 4.6

D0MO0MO000004700000 f£.0 (12)-0000 (12)(345)-00000000
L(fy)=+10000000000000

1 2
'o '5
3 3
2 1
J-(Ks) fH(K5)

0 4.7

O00MO00MO00000 4800000 f,.0 (12-0000 (12)(456)-000000
00 L(fy)=+10000000000000




0 4.8

gbmombomomoomob™moobooo

00 4.1.[8]0 GO 3-00000000¢0 Aut(@G) 00O f:G—S*00-000000
00000000 fO000000000OO0DOO0OO0O0O0O00O0g:G— 53083000
0000000000 ¢:8—=S*0gooc=¢pogl0000000OOOO

00000000 G =K000G=K;300000¢0 000000000
L(g)=L(f) 000000000 S*000000000000000000 SmithO0O
OSmithOODODOODOOO0O0OOO0ODOOO0OOOO0ODOO0ODOOg0ODOO0ODOOODOOOOOD
00 L(¢)OOODODODO0DOD0OD0OO0OO0O0O0OD0OOO00O0ooooooo

OmoooobobboooooboobboonD 41000000 «O0D00OO Simon O
gboboboooobboooobobob

References

[1] M. Kidwell: Two types of amphicheiral links, J. Knot Theory Ramifications, 15 (2006), 651-658.

[2] P. Kirk and C. Livingston: Vassiliev invariants of two component links and the Casson-Walker
invariant, Topology, 36 (1997), 1333-1353.

[3] C. Livingston: Enhanced linking numbers, Amer. Math. Monthly, 110 (2003), 361-385.

[4] T. Motohashi and K. Taniyama: Delta unknotting operation and vertex homotopy of graphs in R3,
Proceedings of Knots 96 Tokyo, (S. Suzuki ed.), World Scientific Publ. Co., (1997), 185-200.

[5] R. Nikkuni: Achirality of spatial graphs and the Simon invariant, to appear in the Proceedings of
Intelligence of Low Dimensional Topology 2006, World Scientific Publishing Co. in the Knots and
Everything Book Series.

[6] R. Nikkuni and K. Taniyama: Symmetries of spatial graphs and Simon invariants, in preparation.

[7] R.Shinjo and K. Taniyama: Homology classification of spatial graphs by linking numbers and Simon
invariants, Topology Appl., 134 (2003), 53-67.

[8] T. Soma: Symmetries of minimum graphs in the 3-sphere, J. Knot Theory Ramifications, 7 (1998),
651-657.

[9] K. Taniyama: Cobordism, homotopy and homology of graphs in R®, Topology, 33(1994), 509-523.

[10] K. Taniyama: Homology classification of spatial embeddings of a graph, Topology Appl., 65(1995),
205-228.

0169-80500 0000000000 1-6-10000000000000O0
taniyama@waseda.jp

10



