Define[op_is =6&_] :=
Module[{SD, ii, jj, kk, isp, nis, nisp, sis},
Block[{i, J, k},
ReleaseHold [Hold |
SD[opnisp,sk_Integer: Block[{i, j, k}, OPisp,3k = &3
OPhis,sk] 13
SD[0pisps OP{is},sk]5 SD[OPsis__s OP(sis}] 3
] /. {SD - SetDelayed,
ispo> {is} /. {i»i_,j-»>3j_,k->k_},
nis » {is} /. {i-»ii, j » jj, k » kk},
nisp » {is} /. {i»ii_, j - ji_, k » kk_}

1]

The Fundamental Tensors

Define[ami,j_,k = Efi,j}a{k} [ (@i + a3) Ak, (€77 &5 + &5) X, L]k

e €Bi_ .
bm; .k = E{i,5}-{k} [ (Bi + B5) bks (i +1n5) Yks e( 1-1) n y'(]sk]

Define [Ri,j =

e e st |
4 k (1-ekven) $k
Define[Ri,j = Eqy(1,5) [-B aj bi, -B Xjyi/Bi,
1+If[$k =0, 0, (R(i,j},sk-1) sk [3] -
(((R{1,3},0) sk Ra,2 (Riz,a3,96-2) s) /7 (bMs, 1. amy o.5) //
(bms, 3,5 amj,a55) ) [31]]5
Pi,j = E{i,j}-0) [Bi aj/h, ni&5/n,

IE:{)_,{i,j} [ﬁ aj b;, A Xj Vis e’ [

Define [
dms, .k =
(]E{i,j}-»{i,j} [Bibi + ajaj, niyi+ &5 X5, 1]
(38is1,2 /7 @Bas2,3 // @S3) (bAj,_1,-2 // b5y 2,3)) //
(P_1,3 P_3,1 amy j,k bmi, >.k) »
dS; = E(i},(1,2) [Bi b1 + @i @z, ni Y1 + €1 X2, 1] // (bS12S2) //
dmy,1,i,
dAjLj,k = (bAis3,1@0i,2,4) // (dms g4k dml,Zaj)]
Define[C; = E(;.(i} [0, @, Bi/?e™%/2] ,
Ci =Eg.qi [0, 0, B2 e"2/%]

Kink; = (R1,3G) /7 dmy,2,1 // ding 3.,
Kink; = (R1,3C2) // dmy,2,1 7/ dmg, 3,5
Define [

b2t; = E(i}. (i} [ai @i - Bi ti /¥, §iXi +miyi, e Pi3/7]
t2b; = E(s). (i} [ai @i - Ti ¥y bi, §iXi + N1 yi, @ F1%]g]
Define[kRy,j = Ri,j // (b2t; b2tj) /. tijj->t,
kRi,j = Ri,j // (b2t; b2ty) /. {tijj->1t, Tijj > T},
kmi,jak = (t2b; thj) // dmi,jﬁk //
b2ty /. {tk»t, T«k->T, Tilj - 0},
kC; =C; //b2t; /. Ty T, kC;=C; //b2t; /. T3> T,
kKink; = Kink; // b2t; /. {ti-=t, Ti > T},
kKink; = Kink; // b2ty /. {ti>t, Ti>T}]
The Trefoil
$k = 2; Z = kRq,s kRe, 2 kR3,7 kC4 kKinkg kKinkg kKinkjej;
DO[Z = Z~By, ~kmyq, 41, {r, 2, 10}];

1+ If[$k =0,0, (P{i,j},$k—1)$k[3] =
(Ru2 7/ ((Pfa.3).0) g (Piasz)sia) ) ) [31]]]
Define[aS; = Ri,j~Bi~Pi,j,
aS; = E(i){i} [-21 @i, -Xi Fi i)
1+If[$k==0, O, (aS(i},9k-1) sk [3] -
((3S(i},0) sk~Bi~aSi~Bi~ (aS(i},sk-1) s) [31]]]
Define[bS; = Ri,1~B1~aS1~B1~Pi,1,
bS; = Ri,1~B1~aS;~B1~Pj 1,
(R1,jRa,k) // bmy 5,3 // P3 s,
(Rj,1Rk,2) // amy,2,3 // Ps3]

alhjLg,k =
bA;j i,k =

Simplify /@Z /. v_y vV

T

E(}501) [9: 9,

4
1-T+T?

(1-T+12)3

T(-1+2T-3T2+2T%) y-2 (1+T) xyvyh) e+

-
2(1-7+72)°

Th(2a (-1+T-T>+T%) +

Th? (422 (1-T+T2)? (1+T-6T2+ T2+ T%) +

43 (1-T+T%) v (T(2-5T+8T2-7T>-2T*+27T°) -
-1-2T+5T2-4T+T*+27T°) xyh) +

¥

2 (

T(1-2T+4T2-2T+6T°-11T°+47T7) +
4 (-1+2T+T>+T*+278-T") xyn+
6

1—T+T2)2 (1+3T+T2) Xzyth)) €24{0['5]3]

. n; Alexander’s w* genus / ribbon | . n Alexander’s w* genus / ribbon | . n; Alexander’s w* genus / ribbon
diagram Today’s p} unknotting # / amphi? diagram Today’s p; unknotting # / amphi” diagram Today’s p7 unknotting # / amphi?’
07 1 0/v 3 -1 1/x 47 3 -t 1/x
@ 0 0/v @ t 1/% @ 0 1/v
50 F—t+1 2/% 55 2t-3 1/x 6f 5-2t 1/v
@ 263 + 3¢ 2/ % 5t—4 1/X @ t—4 1/%
65 - +3r-3 2/X 65 £ -3t+5 2/ X 70 P - +r—1 3/X
@ £ -4 +41-4 1/% 0 1/v @ 365 + 563 + 6t 3/%
75 3t-5 1/x 74 205 =3t+3 2/% 78 4r-17 1/x
14t - 16 1/% @ -9 + 82 — 16t + 12 2/% @ 32 —24¢ 2/X
74 26 —4r+5 2/X 78— +5t-7 2/ X 74 £ —5t+9 2/X
@ 9 — 161> + 29t — 28 2/% @ £ =8+ 19t —20 1/% 8 -3¢ 1/%
8 T-3t 1/x 8 £ +3r-3r+3 3/% 8 9—4t 1/x
5t-16 1/% @ 20 —8t* + 108 =122 + 13t - 12 2/ X 0 2/v
@ 8 -2 +5t-5 2/% @ 8L —+3r —4r+5 3/% 8¢ 27 +61—7 2/%
3 -8R +6r—4 2/X 2 +8t* — 138 +202 — 22+ 242/ X @ 58 —207% + 28t — 32 2/%
8 £ -3r+5-5 3/% 8¢ 2P —6r+9 2/v 8, —P+3r —5t+7 3/v
@ P +4 =108 + 122 - 13t +12 1/ X @ -8B +42 - 12t + 16 2/% 0 1/v
8, -3 +6r-7 3/X 8, 2 +T7t-9 2/x% 8, r—-Tt+13 2/%
@ -+ 4 =118 + 1682 =21t +20 2/ X 56 — 241> + 39t — 44 1/% @ 0 2/v
@ 8, 27 —Tr+11 2/% 81, -2 +8r—11 2/% @ 8y 3r —8r+11 2/%
- + 417 — 14t + 20 1/% @ 56 — 281> + 57t — 68 1/% 218 — 641 + 120t — 140 2/%
8l r—4r +8-9 3/X 8 —r +4r -8+ 11 3/% 8y, —r +5 —10r+13 3/%
P -6t +17 - 282 +35t—-36 2/X @ 0 1/v 0 2/v
8, £ —r+1 3/% 8y, F-2+3 2/v 8y, - +4r-5 2/%
@ -3 — 48> - 3¢ 3/% @ 4r—4 1/% @ £ — 8 + 16t — 20 1/x

Video and more at http://www.math.toronto.edu/~drorbn/Talks/0Ohio-1901
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