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1. B

M (knot theory) B—{EIEE
RIS, — 77 S R AR P Se iy £ R
BRZHNME BHENE, BEABET
RS s (B E T HATEE SRS ). 7
— 3T, HERE AR AR AE R BE (E s
(B EERMAL, TIERRRE %S, hE
TR KRB MESERE, EEEEE
a2 B — 118 S5 T R Y B o L B E 2 HA
HENZEEYIFE, oIk HEHEE
TR, G E A ) B VB R R
TZHTE, S IS B e R R 8 B

Mg R, SERHEBEPHRER
# (placement problem), BEZHMBER
BT, ME—ZHR X, RHEFETFZEH
Y, Yo, BREFE X WERK (auto-
homeomorphism) f #%G f(Y1) = Y27 M
MR ERENR R iy S, R
WE, & f ST — R® B#E (embed-
ding), BIfE f(S') B—{Ef (knot), H_
G =REHEAE (ambient isotopic), HIE
“fEFEZRA (same type), BRI, R
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BUEITRERIARAE T, RFFM—LL87F (defor-
mation), MH#HEEE PRI OB RUE P
—EfE R AR, BT RHE, RfRER
e R® HHIEEEAL AR (simple
closed polygonal curve), &1 Al DUERGE
ENREETEL, #5 (1) BE=Z5% (2)
TEEATER X B b, PIN=2ERS (trefoil) 7]
DERTE (B1), ERLATUEBTEL
(E2).

A D

B 1

2. #58% (knot group)

P BT 8 =S R B N —
R, RFNGERAERE -SSR
(knot invariant), b2 ¥ R BRI G —
AR AEEE (TEREE. ZHEA. &



ER R ), ERAE_AEGEENA
BBER, BT AP —ERS = R 2L

ERZHEABET, —AFELERE
B RAER (knot group), fEHIERSEAEEA
# (fundamental group), & K 22—,
Al K BEHE G €858 G = m(R*\K).

EIfR#ER G BT KEREZET
b, A REE—{E5F (orientation), &
HGHIREER n HER, M [TE&
Zf |(undercrossing point) F¥E, WK
n fEIL (arc), MAIHELRIE—(E _EBRT
GHEHE, BT E_ERRERE LS
B (overcrossing) RUMEREMIFT, HERET 2
B (undercrossing) BlfE 1L, I=ZEREEH,
AP = EIN (1 3)

1

e Q@

B3 B 4

S RO\K 1—35 P BHE (base
point), 4 z; REA P EAE i ENAH
B (loop) (MABARAHRLL 2, Fo7), BARSEY
HERREEN A AT RNEY (H4),
B 2y € m(RP\ K), Tifef (% g LA
LU EI A 5. 6 KBTS (B TEEERR),

REG SRR

Tk

Tk

«—

Ty

LTit1

Li+1

Ty

= Ti+1Tk
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]

LTit1

‘sz‘ﬂ
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| Tk

T
Tilp = TpTit1

&6

B7

EEMLER r, e, 3 o0 (ERR, &
MBI THEEEE (Wirtinger presenta-
tion)

GH x, ..., x, FREEE x; ZMH
RARREATH {ry,...,r.} £, HEHE
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By
G:<ZL’1,..

S|y )

U=ZZEESE (B8), fERXNE A,
T1Ty = ToTz, Tox3Ty i = 1; ERX
Bt B, 2073 = X371, 137125 Ty = 1; 1E
RXE C, 2311 = 1179, 1127977 13" = 1;

WS C KBMRARHI =& FE, frbl=
TSR

G = <.T1, To2,XT3 | T1X92 —=ToX3 :I31’1>
= (21, Ty | 1129 = Tom 027 )
:< 1

111
T1, To | T1XTx 1y T Ty = 1)

= (a,b|a’h*=1)

Hit a=a29,b =y a7 2yt

X
C T S
O (L
T3 B
I B9

HLLI8FfE (figure eight knot) B4 ([ 9)

G = (x1, T2, T3, T4 | T34 = T123, T122
= T3%1, X1y = T4, T3Ty = $2!E4>
= (1, 23 | 5wy ws2 a5 oy g sy
= 1>
= (a,b| b raba b ta"Tba = 1)

Hff a=a21,b=ua;"ns

EEE A (square knot) ([ 10)

G = (x1, T9, T3, Ty, T, Tg|TeTa = T2T1,

ToX1 = T1T3, T1Tg = TeLa,

T5x3 = T4y, T4Ts = Teky,

Tely = TyTg)

= (71, 13, T5|T1 237175 L g = 1,

Tsr3T575 s eyt = 1)

& EIHAHE (granny knot) (& 11),
A LAMS S ARSI RE AT T i — k. (B
HMBB T, 7R ER
BIAYHS, BAEMERRIREE).

SANEA ERAVET R, RS T]
FAAERTTRIRA (R R BCRY, SERRY R R E A
RA6E, (HEEEARMRE R
MBS S, UZEEEHRE, &HMET
FIRIRFRI

p:G={abla’t? =1) — SLy(7Z)
()
a — .
-1 1
.
b— .
-1 0

o))



0 1 0 1
7 (—1 0) (—1 1)

A G TREZHEE, Rt T LAFEH=
EE BT EEMERR (non-trivial knot), K&
SRR Z .

FRlES NS, BTIEEFEEMS
=TS, C. McA. Gordon
J. Luecke £ 1989F M, & _MEHEHE
FIEREE, HIRE B 2 HEA,

3. Alexander 2B

BT RER S, B —EE R
#7& Alexander %R (Alexander poly-
nomail), BI5E /M8 — 18 B 75 22K 0
Alexander %N, rEENTHRZ Fox 1Y
53 (Fox differential calculus),

FF BH X1, Xs,..., X, FiERH
HHE (free group), # F FIEEFTT
W= XOX2. . X0 Hibe € {1, -1}

EFRBHEMS (free derivative) oW

ax1
oW ow .
(9—X2’ ceey m ;Z[]—F
ow L(er-1) o1 v ilei—1)
a—){j:eléjjlle ! +625jj2Xj1 ng !
+...
BRI
W =X X0 X ' X0 X0 X0 X
ow _ _
X = - X1 XX+ X XX HX3
a—W - X1 —+ X1X2X;1 —+ X1X2X;1X2
0X,

+ X1 X0 X1 X2
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RTEMSATEENEXETER, 7
DI HRSEER (group ring) Z[F] HHTT
#,WHE 5 F — Z[F).
EHERE, BHRMOHFRERITR
E—i s
o) _ou v
0X 0X 0X
G ER KRR e F—G
FEHMAFRE (canonical homomorphism),
ER o WAILLEM ¢ : Z[F] — Z|G] BIT
FIMEREREE G 1 Jacobian

8(7’1,...,7’m)
“\a(x,, .. X,
ory or1
0X1 7 090X,
Orm Orm
0X1 " Ozn

@ [G,G] £ G WAL FEE (commu-
tator subgroup), H = G/|G,G], ¥ :
G — H RHAFEE (canonical homo-
morphism), ([, ¥ WALIEMH T
Z|G] — Z[H)) 1R#E Hurwitz €%, H =
G/|G,G) =~ H\(R*\ K) = Z, B TF%| 4k
N K B Alexander A

A1y oy Tm) )
Xy, ..., X,)
B Eq(A) C Z|H| 2 A n—dBEF
ITHIRATEKAEE (ideal), B Eo(A) C
Ei(A)C---C E,1(A)o

B G R, F(A) 2—E+EHE

8 (principal ideal), 4 ¢ &~ H W4E
BT, Al Ei(A) FEBTT A(t) Bt K

Azz/w(
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#) Alexander A, EHRBEHILEHN

Alt) € Z[t,t7', BB t & H WERTT,

FTLAR DAE R +t* R ERE,
BMAE=ZEEN Alexander ZIHER

G = (xl,x2|x1x2x1xz_1x1—1x51 =1)

—1,.—1, —1
W= 21090125 T Ty

or 1

— =1+ 212 — 11727175 T}

31’1

or ~1 1,1 -1
7 =L T X201 Ty — X1 T2T1 Xy Ty Ty
6262

JacobianflE S [A, B

1,1
A=14z129 — B1227175 " T

-1 -1 -1.-1
B =21 — 21290175 — 21220175 ] T4

T EAFRBEET A ¢ RABEE Alexander 48
BEES (1 —t + 2 — 1+t — ], At
Alt) =1—t+1t%

8 FHEHY Alexander ZXEAUNT:

-1 R P g
G = (x1,x3 | 73 x10307 T3 125 T7 T3T
=1)

& r =3 v sy ag e wy oy s

or

-1 _ -1 1, -1 ~1 -1
Ty —T3 T1T3T,] + T3 T1T3T] Tg

31’1
-1 -1,.—1, .—1_-1
-1 -1,—1, .—1_-1
+X3 X1T3T, T3 T1XT3 T1 T3
or
_ 1 -1 ~1 1,1
—— = —%3 + X3 T1—Tg X1T3T] T3
61’3
~1 -1, -1
-1 -1,.—1 -1
+X3 X1T3T T3 T1X3T
Alexander 5

[~14+3t7 =2 13t 177

L2 2B A(t) =1 -3t +t%
PBHE KRR Alexander ZIER,
T

11,1
G=<m,x3,05 | T1T30105 07 X5 =1,
x5x3x5x§1x51x§1 =1>

A _ -1,.-1,.-1
™ =I1T301T3 Ty Ty,

ro = x5x3x5x§1x51x§1

87“1

—— =14 203 — L1231 25 g

61‘1 143 1434143 1

% _ -1 -1, -1, -1
=T1—T1X3T1T5 —T1T3X1X5 T Ty

61’3

o _

aZL'5

o2 _,

31’1

% e -1 11 -1
= X5 —T5T3T5T5 T5X3T5X5 Ty Tg

aZL'g

37“2 1 1

— =14 2503 — T5T3T505 s

s 53 5L3L5Lg Ly
AlexanderfEfE S

1—t+t2 — 14+t 0
0 —1+t—t2 1—t+¢2

ERATEN 2 x 2 BEFTHIR, #HER
BARAE
Alt) = (1 —t+t*)?
Alexander % H 2| EH % H RWE ?
TER B (crossing) BUNPER 984

fEERE (prime knot) F1, JHE 3EHHARY
Alexander %R,

4. Seifert #BfEEE Alexander
2183



BAPRAE A HE — B FRERRY 77 ER AR
Alexander %=,

R R HhiEhE M WE 12, M H
HRMERE (disk) 25 1 (attached) Z{E#
BRI F (twist band), EHEEEWEK M
#3285 (boundary) ZfTEEMIRIE? BEERZ

%5

El12

HE L HMBEWTEH:

FHEFEEE—E A EMiHE  (orient-
able surface) #3857, JE{EHE M Seifert
HiE (Seifert surface)o

ZR Seifert M, HMLHREEESHE
X EEHIFFSRINT (AT RAA):

>

TR o, 0 R (linking num-
ber) E&HMT:

peC

Hrf C B o, SR XEEES
filan:

RELHGIEE 35
e=+1

a@ﬁ lk(er, ) =3(1+1)=1

e=+1

e=-1

@5 lk(a, B)=1(1-1)=0

e=+1

s K B Seifert iz M, &
M W (genus) &g, RIFFETEMEHTR
., Qag, EF Seifert fEfE V =
(vij) =—M 29 x 2g809FEE, v; =
lk(a;, a), £ af € RP\ M £7H a;
W M WIEER (positive normal direc-
tion) HE—BEFTEEIAR,

DZZFERHEE, mTE (813), &
Seifert &G,

(32

ay,as,, ..

a

a2

B 13

M Seifert 451 Alexander ZEARAE T
HIRE 1%:

A(t) = VT =tV
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FrlA, RHREER AL —A LURE =GR
Alexander ZHEAE

At)=1—t+t

5. Conway 28I\

28 SIS ER S, Alexander %78
X A(t) BAFFEE £, WRRLEER
+1*, BRI PIER Alexander ZIEA M E
THIZEEE:
(1) A1) =1
(2) Alt) = A
EHR Alexender ZEAF IR E KA
iz

Vi(z) € Z[2], Heh, — ¢35 —t7

EEFHLERGZE Conway ZHR,
FE L, Conway ZHARFLIERTE

BHFESEE (oriented knot or link), E

BUITHIMEE (HWATLLEME Conway ZHI

HIAER)

1. HEEEAGESIREHE—E Conway
ZHEAVK(2) € Z[z], ABKFSSERY
FERARIY % 285,

2. & K BT (unknot), Bl Vg (2) =
1,

3.8 KH K~ L EREER ST E (E

14),
> X

N
N

KT K~ L

B 14

E\U VK+ — VK— = ZVL

U EHEEVUEHER L AfSRZ
#4> (split link), A Vi(2) = 0, #&M
HMALLEE S ERETRE =2/ Conway
ZEA, BB KT BFH#, Vi = 1,
1 —Vg- = 2V, X Lt 0558
5, M BRI, Ve = 0, Vy = 1,
0—Vi- =2V = 2, AIBZEHERY Con-
way ZHR

VK—:1+Z2

& &
D &
& b

S HANBEEERS, HHlES
—1EHY/Z, 19854 Jones F %7 (braid
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group) FHYRBGE—EFHIH A E R, 3. C. McA. Gordon and J. Luecke, Knots
BERTEER Jones %I (Jones polyno- are determined by their complements,
mial), H Alexander %EF L@ Journal of the Amer. Math. Soc. 2

(1989), 371-415.

4. L. H. Kauffman, On Knots, Annals of
Mathemathics Studies 115, Princeton
University Press, Princeton, 1987.

TEE WS Jones 7 1990 F5F|H 2
FUH R8BI LR (Fields Medal),

%%X%ﬁ 5. C. Livingston, Knot Theory, The Carus
Mathematical Monographs, Vol. 24,
1. G. Burde and H. Zieschang, Knots, 1093
de Gruyter Studies in Mathematics 5, D i v K Links. Math
Walter de Gruyter, Berlin-New York, 6. D. Rolfsen, Knots and Links, Mathe-
1985, matics Lectur Series 7, Publish or Per-
2. R. H. Fox, A quick trip through knot ish, Inc, Berkeley, 1976.

theory, Topology of 3-Manifolds (M.
K. Fort, Jr. ed), Prentice-Hall, Engle-
wood, Cliffs, N. J. 1962. — R XA B ERA B IR —



