
Pensieve header: Analysis of k=2 invariants in QU.

In[ ]:= SetDirectory["C:\\drorbn\\AcademicPensieve\\Projects\\SL2Portfolio"];

<< KnotTheory`

<< "SL2PortfolioProgram.m"

Loading KnotTheory` version of January 20, 2015, 10:42:19.1122.

Read more at http://katlas.org/wiki/KnotTheory.

In[ ]:= OverbayP2Data = Get["C:\\drorbn\\AcademicPensieve\\People\\Overbay\\OverbayP2Data.m"];

In[ ]:= $p = 5; $k = 2; $U = QU;

In[ ]:= SCθ[p_] := Collect[ Cθ@CU[{y, a, x} , p] /. {CU → Times, γ ℏ → 1}, ϵ, Simplify];

SQθ[p_] := Collect[ Qθ@QU[{y, a, x} , p] /. {QU → Times, γ ℏ → 1}, ϵ, Simplify];

In[ ]:= [L_, Q_, P_]$k_ := [L, Q, Series[Normal@P, {ϵ, 0, $k}]];

d_→r_[L_, Q_, P_]$k_ := d→r @@[L, Q, P]$k;

3@[ω_, L_, Q_, Ps_] := CF /@L, ω-1 Q, ω-1
ω-4

ϵ
-1+Range@Length@Ps

.Ps
$k
;

4@[L_, Q_, P_] := Module

ω = Normal[P]-1
/. ϵ → 0, Ps = CoefficientList[P, ϵ],

CF /@ω, L, ω Q, ω
-3+4 Range@Length@Ps Ps;

3@sp___[as___] := 3@[as] /.  → sp;

4@sp___[as___] := 4@[as] /.  → sp;

In[ ]:= P[Knot[n_, k_]] := P[Knot[n, k]] = Module[{fname},

fname = "../SL2Invariant/k=2/Data/" <> ToString[n] <> "_" <> ToString[k] <> ".m";

Collect[3[Get[fname]〚2, 2〛]〚3〛 // Normal, ϵ, Simplify]

];

QP[K_Knot] := QP[K] = CF@P[K];
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In[ ]:= MatrixFormAllKnots[{3, 7}] /.

K_Knot ⧴ K, qp = CollectQP@K /. y → 0, a → -1  2, {ϵ, a}, Factor; ω = qp /. ϵ → 0-1,

P1 = Expand(* T

(T-1)2
*)ω

3 Coefficient[qp, ϵ], P2 = Expandω5 Coefficientqp, ϵ
2
,

(*Factor P2-(P2/.T→-T)

4(T+1/T)
,*)Expand2 P2 + T + 1  T ω P1,

OP2 = K /. OverbayP2Data /. T → T1/2, {ω, ∂Tω, P1, P2, OP2} /. T → 1

Out[ ]//MatrixForm=

Knot[3, 1] 1-T+T2

T
-2 - 1

T2
+

2

T
+ 2 T - T2

Knot[4, 1] -
1-3 T+T2

T
0

Knot[5, 1] 1-T+T2-T3+T4

T2
-6 - 2

T4
+

4

T3
-

5

T2
+

6

T
+ 6 T - 5 T2 + 4 T3 - 2 T4

Knot[5, 2] 2-3 T+2 T2

T
-18 - 5

T2
+

14

T
+ 14 T - 5 T2

Knot[6, 1] -
(-2+T) (-1+2 T)

T
-10 - 1

T2
+

6

T
+ 6 T - T2

Knot[6, 2] -
1-3 T+3 T2-3 T3+T4

T2
-16 - 1

T4
+

6

T3
-

13

T2
+

16

T
+ 16 T - 13 T2 + 6 T3 - T4

Knot[6, 3] 1-3 T+5 T2-3 T3+T4

T2
0

Knot[7, 1] 1-T+T2-T3+T4-T5+T6

T3
-12 - 3

T6
+

6

T5
-

8

T4
+

10

T3
-

11

T2
+

12

T
+ 12 T - 11 T2 + 10 T3 - 8 T4 + 6 T5 - 3 T6 686

Knot[7, 2] 3-5 T+3 T2

T
-60 - 14

T2
+

44

T
+ 44 T - 14 T2

Knot[7, 3] 2-3 T+3 T2-3 T3+2 T4

T2
56 +

9

T4
-

26

T3
+

41

T2
-

52

T
- 52 T + 41 T2 - 26 T3 + 9 T4

Knot[7, 4] 4-7 T+4 T2

T
112 +

24

T2
-

80

T
- 80 T + 24 T2

Knot[7, 5] 2-4 T+5 T2-4 T3+2 T4

T2
-114 - 9

T4
+

34

T3
-

70

T2
+

102

T
+ 102 T - 70 T2 + 34 T3 - 9 T4

Knot[7, 6] -
1-5 T+7 T2-5 T3+T4

T2
-78 - 1

T4
+

10

T3
-

36

T2
+

66

T
+ 66 T - 36 T2 + 10 T3 - T4

Knot[7, 7] 1-5 T+9 T2-5 T3+T4

T2
22 +

3

T2
-

14

T
- 14 T + 3 T2

In[ ]:= MatrixForm

mat = AllKnots[{3, 8}] /. K_Knot ⧴ K, qp = Collect[QP@K /. {y → 0}, {ϵ, a}, Factor];

ω = qp /. ϵ → 0-1, P1 = Expand(* T

(T-1)2
*)ω

3 Coefficient[qp, ϵ] /. a → 0,

P2 = Expand@Factorω5 Coefficientqp, ϵ
2
 /. a → -1  2,

OP2 = K /. OverbayP2Data /. T → T1/2, {ω, T ∂Tω, T ∂T(T ∂Tω), P1, P2, OP2} /. T → -1

Out[ ]//MatrixForm=

Knot[3, 1] 1-T+T2

T
-2 - 2

T2
+

3

T
+ T

Knot[4, 1] -
1-3 T+T2

T
-

1

T2
+

3

T
- 3 T + T2

Knot[5, 1] 1-T+T2-T3+T4

T2
-6 - 4

T4
+

7

T3
-

8

T2
+

8

T
+ 4 T - 2 T2 + T3

Knot[5, 2] 2-3 T+2 T2

T
-18 - 9

T2
+

20

T
+ 8 T - T2

Knot[6, 1] -
(-2+T) (-1+2 T)

T
-10 - 5

T2
+

16

T
- 4 T + 3 T2

Knot[6, 2] -
1-3 T+3 T2-3 T3+T4

T2
-16 - 3

T4
+

15

T3
-

28

T2
+

28

T
+ 4 T + 2 T2 - 3 T3 + T4

Knot[6, 3] 1-3 T+5 T2-3 T3+T4

T2
-

2

T4
+

9

T3
-

19

T2
+

18

T
- 18 T + 19 T2 - 9 T3 + 2 T4

Knot[7, 1] 1-T+T2-T3+T4-T5+T6

T3
-12 - 6

T6
+

11

T5
-

14

T4
+

16

T3
-

16

T2
+

15

T
+ 9 T - 6 T2 + 4 T3 - 2 T4 +

Knot[7, 2] 3-5 T+3 T2

T
-60 - 23

T2
+

59

T
+ 29 T - 5 T2

2 3 T+3 T2 3 T3+2 T4 1 8 20 37 2 3 4
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Knot[7, 3] 2-3 T+3 T -3 T +2 T

T2
56 +

1

T4
-

8

T3
+

20

T2
-

37

T
- 67 T + 62 T2 - 44 T3 + 17 T4

Knot[7, 4] 4-7 T+4 T2

T
112 +

8

T2
-

52

T
- 108 T + 40 T2

Knot[7, 5] 2-4 T+5 T2-4 T3+2 T4

T2
-114 - 17

T4
+

58

T3
-

106

T2
+

130

T
+ 74 T - 34 T2 + 10 T3 - T4

Knot[7, 6] -
1-5 T+7 T2-5 T3+T4

T2
-78 - 3

T4
+

25

T3
-

75

T2
+

106

T
+ 26 T + 3 T2 - 5 T3 + T4

Knot[7, 7] 1-5 T+9 T2-5 T3+T4

T2
22 -

2

T4
+

15

T3
-

40

T2
+

36

T
- 64 T + 46 T2 - 15 T3 + 2 T4

Knot[8, 1] -
3-7 T+3 T2

T
-42 - 14

T2
+

47

T
+ 5 T + 4 T2

Knot[8, 2] -
1-3 T+3 T2-3 T3+3 T4-3 T5+T6

T3
-50 - 5

T6
+

27

T5
-

58

T4
+

76

T3
-

80

T2
+

71

T
+ 29 T - 14 T2 + 4 T3 + 2 T4 - 3

Knot[8, 3] -
4-9 T+4 T2

T
-

16

T2
+

36

T
- 36 T + 16 T2

Knot[8, 4] -
2-5 T+5 T2-5 T3+2 T4

T2
-20 - 11

T4
+

44

T3
-

70

T2
+

59

T
- 11 T + 20 T2 - 16 T3 + 5 T4

Knot[8, 5] -
1-T+T2 1-2 T+T2-2 T3+T4

T3
92 -

1

T6
+

3

T5
-

3

T4
-

3

T3
+

21

T2
-

53

T
- 123 T + 129 T2 - 105 T3 + 65 T4 -

Knot[8, 6] -
2-6 T+7 T2-6 T3+2 T4

T2
-120 - 13

T4
+

66

T3
-

137

T2
+

162

T
+ 54 T - 9 T2 - 6 T3 + 3 T4

Knot[8, 7] 1-3 T+5 T2-5 T3+5 T4-3 T5+T6

T3
50 -

2

T6
+

9

T5
-

19

T4
+

24

T3
-

18

T2
-

7

T
- 93 T + 112 T2 - 96 T3 + 57 T4 - 21

Knot[8, 8]
2-2 T+T2 1-2 T+2 T2

T2
56 -

7

T4
+

30

T3
-

51

T2
+

22

T
- 110 T + 93 T2 - 42 T3 + 9 T4

Knot[8, 9] -
-1+T-2 T2+T3 -1+2 T-T2+T3

T3
-

3

T6
+

15

T5
-

38

T4
+

66

T3
-

77

T2
+

53

T
- 53 T + 77 T2 - 66 T3 + 38 T4 - 15 T

Knot[8, 10]
1-T+T23

T3
82 -

2

T6
+

9

T5
-

22

T4
+

33

T3
-

26

T2
-

15

T
- 141 T + 154 T2 - 117 T3 + 62 T4 -

Knot[8, 11] -
(-2+T) (-1+2 T) 1-T+T2

T2
-166 - 13

T4
+

76

T3
-

177

T2
+

223

T
+ 69 T - 7 T2 - 8 T3 + 3 T4

Knot[8, 12] 1-7 T+13 T2-7 T3+T4

T2
-

2

T4
+

21

T3
-

75

T2
+

98

T
- 98 T + 75 T2 - 21 T3 + 2 T4

Knot[8, 13] 2-7 T+11 T2-7 T3+2 T4

T2
68 -

7

T4
+

36

T3
-

70

T2
+

39

T
- 143 T + 116 T2 - 48 T3 + 9 T4

Knot[8, 14] -
2-8 T+11 T2-8 T3+2 T4

T2
-250 - 13

T4
+

86

T3
-

226

T2
+

314

T
+ 106 T - 10 T2 - 10 T3 + 3 T4

Knot[8, 15]
1-T+T2 3-5 T+3 T2

T2
-520 - 39

T4
+

178

T3
-

399

T2
+

556

T
+ 332 T - 139 T2 + 34 T3 - 3 T

Knot[8, 16] 1-4 T+8 T2-9 T3+8 T4-4 T5+T6

T3
-142 - 4

T6
+

28

T5
-

94

T4
+

191

T3
-

260

T2
+

242

T
+ 26 T + 44 T2 - 55 T3 + 34 T4 -

Knot[8, 17] -
1-4 T+8 T2-11 T3+8 T4-4 T5+T6

T3
-

3

T6
+

20

T5
-

64

T4
+

129

T3
-

168

T2
+

124

T
- 124 T + 168 T2 - 129 T3 + 64 T4 -

Knot[8, 18] -
1-3 T+T2 1-T+T22

T3
-

3

T6
+

25

T5
-

90

T4
+

189

T3
-

250

T2
+

185

T
- 185 T + 250 T2 - 189 T3 + 90 T4 -

Knot[8, 19]
1-T+T2 1-T2+T4

T3
6 -

1

T5
+

1

T4
+

1

T3
-

3

T2
-

1

T
- 3 T - 7 T2 + 7 T3 + 5 T4 - 11 T5 + 6

Knot[8, 20]
1-T+T22

T2
-16 - 2

T4
+

6

T3
-

14

T2
+

20

T
+ 4 T + 6 T2 - 6 T3 + 2 T4

Knot[8, 21] -
1-3 T+T2 1-T+T2

T2
-72 - 3

T4
+

22

T3
-

59

T2
+

84

T
+ 36 T - 7 T2 - 2 T3 + T4
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In[ ]:= MatrixFormmat = AllKnots[{3, 8}] /.

K_Knot ⧴ K; qp = Collect[QP@K /. {y → 0}, {ϵ, a}, Factor]; ω = qp /. ϵ → 0-1;

P1 = Expand(* T

(T-1)2
*)ω

3 Coefficient[qp, ϵ] /. a → 0;

P2 = Expand@Factorω5 Coefficientqp, ϵ
2
 /. a → -1  2;

OP2 = K /. OverbayP2Data /. T → T1/2;

q1 = ω, q2 = T ∂T(T ∂Tω), q3 = P1, q4 = T ∂T P1,

q5 = T ∂TT ∂T P1, q1 q2, q1 q3, q2 q3, OP2, P2 /. T → -2

Dimensions[mat]

MatrixRank[mat]
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Out[ ]//MatrixForm=

-
7

2
-

5

2
-6 1

2
-

11

2

35

4
21 15 -

23

4

2021

32
11

2

5

2

33

4
16 39

2

55

4

363

8

165

8

77

4

77

4
31

4

39

2
-

297

8
-

291

8
-

1087

8

1209

8
-

9207

32
-

11 583

16

598 809

256

88 779

16

-8 -5 -
201

4
-

19

2
-51 40 402 1005

4

8339

16

46 355

16

10 5 3

4

85

2
43 50 15

2

15

4
-

7133

16

16 267

16

-
59

4
-

49

2

15

16

1427

8

3473

8

2891

8
-

885

64
-

735

32
-

198 145

64

8 220 817

512
67

4

49

2
201 4435

8

11 679

8

3283

8

13 467

4

9849

2

143 983

64

143 983

64

-
127

8
-

741

8
-

2637

16
-

13 527

32
-

57 007

32

94 107

64

334 899

128

1 954 017

128

571 757703

4096

1 848 272061

8192

-
25

2
-

15

2
-

693

4
-57 -

381

2

375

4

17 325

8

10 395

8

84 111

8

455 097

16

19 83

2

17385

16

10 969

4

17 389

2

1577

2

330 315

16

1 442 955

32

32 612 987

256

65 700 803

256

-17 -10 516 506 890 170 -8772 -5160 128221

4

367 513

4
47

2
44 -

9501

16
-580 -

7685

4
1034 -

446 547

32
-

104 511

4

76 685 911

256

153 545857

256
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4
-
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2
-

2193

16

2053

8

3623

8

5605

8

208 335

64

129 387
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-

14 149

8

70 328 789
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4
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2
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8
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8
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15
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2
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-
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2
-
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-
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-
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Out[ ]= {35, 10}

Out[ ]= 10

In[ ]:= NullSpace[mat]

Out[ ]= {{0, 0, 0, -1, 1, 0, 0, 0, 0}}

In[ ]:= MatrixFormmat = AllKnots[{3, 8}] /.

K_Knot ⧴ K; qp = Collect[QP@K /. {y → 0}, {ϵ, a}, Factor]; ω = qp /. ϵ → 0-1;

P1 = Expand(* T

(T-1)2
*)ω

3 Coefficient[qp, ϵ] /. a → 0;

P2 = Expand@Factorω5 Coefficientqp, ϵ
2
 /. a → -1  2;

OP2 = K /. OverbayP2Data /. T → T1/2;

{q1 = ω, q2 = T ∂T(T ∂Tω), q3 = P1, q4 = T ∂T P1, q1 q2, q1 q3, q2 q3, OP2, P2} /. T → -2

Dimensions[mat]

MatrixRank[mat]
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Out[ ]= {35, 9}

Out[ ]= 9
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