
Pensieve Header: An attempt on the ribbon property using G-calculus; continues RibbonPropertyV1. 

Success at last!!!

dir = SetDirectory@"C:�drorbn�AcademicPensieve�2014-06�"D;

<< KnotTheory`

<< MetaCalculi/MetaCalculi-Program.m

FormatAΑa_,b_, StandardFormE := Interpretation@Α10 a+b, ΑabD;

FormatAΒa_,b_, StandardFormE := Interpretation@Β10 a+b, ΒabD;

Loading KnotTheory` version of April 3, 2014, 16:23:56.0784.

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

Γ1 : HΓ0 is the same, with all orientations going upL

:n = 4; Γ0 = GBΩ, â
a=0

n

ha Σa, â
a=1

n

â
b=1

n

ta hb ΑabF, Γ1 = Γ0 �� dS@2D �� dS@4D>

:

Ω s1 s2 s3 s4

s1 Α11 Α12 Α13 Α14

s2 Α21 Α22 Α23 Α24

s3 Α31 Α32 Α33 Α34

s4 Α41 Α42 Α43 Α44

S Σ1 Σ2 Σ3 Σ4

,

-
Ω HΑ24 Α42-Α22 Α44L

Σ2 Σ4
s1 s2

s1
Α14 Α22 Α41-Α12 Α24 Α41-Α14 Α21 Α42+Α11 Α24 Α42+Α12 Α21 Α44-Α11 Α22 Α44

Α24 Α42-Α22 Α44
-

Α14 Α42

Α24 Α42

s2
Α24 Α41-Α21 Α44

Α24 Α42-Α22 Α44

Α44

-Α24 Α42

s3
-Α24 Α32 Α41+Α22 Α34 Α41+Α24 Α31 Α42-Α21 Α34 Α42-Α22 Α31 Α44+Α21 Α32 Α44

Α24 Α42-Α22 Α44
-

Α34 Α42

Α24 Α42

s4
Α22 Α41-Α21 Α42

-Α24 Α42+Α22 Α44

Α42

Α24 Α42-

S Σ1
1

Σ2

>

8Ov = Xp@o1, 1D Xp@o2, 2D Xp@o3, 3D Xp@o4, 4D �� G �� dm@o1, o2, oD �� dm@o, o3, oD ��
dm@o, o4, oD,

t1 = Ov ** HΓ0 * G@Ε@oDDL, t2 = HΓ0 * G@Ε@oDDL ** Ov, ocond = Simplify@t1 � t2D<

:

1 s1 s2 s3 s4 so

s1 To 0 0 0 0
s2 0 To 0 0 0
s3 0 0 To 0 0
s4 0 0 0 To 0
so 1 - To 1 - To 1 - To 1 - To 1
S To To To To 1

,

Ω s1 s2 s3 s4 so

s1 To Α11 To Α12 To Α13 To Α14 0
s2 To Α21 To Α22 To Α23 To Α24 0
s3 To Α31 To Α32 To Α33 To Α34 0
s4 To Α41 To Α42 To Α43 To Α44 0
so 1 - To 1 - To 1 - To 1 - To 1
S To Σ1 To Σ2 To Σ3 To Σ4 1

,

Ω s1

s1 To

s2 To

s3 To

s4 To

so -H-1 + ToL HΑ11

S To

,

H-1 + ToL H-1 + Α11 + Α21 + Α31 + Α41L � 0 && H-1 + ToL H-1 + Α12 + Α22 + Α32 + Α42L � 0 &&

H-1 + ToL H-1 + Α13 + Α23 + Α33 + Α43L � 0 && H-1 + ToL H-1 + Α14 + Α24 + Α34 + Α44L � 0>
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ocond = FullSimplify@ocond �. 8To ® 0<D
Α11 + Α21 + Α31 + Α41 � 1 && Α12 + Α22 + Α32 + Α42 � 1 && Α13 + Α23 + Α33 + Α43 � 1 && Α14 + Α24 + Α34 + Α44 � 1

8U = Xm@1, u1D Xm@2, u2D Xm@3, u3D Xm@4, u4D �� G �� dm@u1, u2, uD �� dm@u, u3, uD ��
dm@u, u4, uD,

t1 = U ** HΓ0 * G@Ε@uDDL, t2 = HΓ0 * G@Ε@uDDL ** U, ucond = FullSimplify@t1 � t2D<

:

1 s1 s2 s3 s4 su

s1 1 0 0 0 -1+T1

T1

s2 0 1 0 0 -1+T2

T1 T2

s3 0 0 1 0 -1+T3

T1 T2 T3

s4 0 0 0 1 -1+T4

T1 T2 T3 T4

su 0 0 0 0 1

T1 T2 T3 T4

S 1 1 1 1 1

T1 T2 T3 T4

,

Ω s1 s2 s3 s4 su

s1 Α11 Α12 Α13 Α14
-T2 T3 T4 Α11+T1 T2 T3 T4 Α11-T3 T4 Α12+T2 T3 T4 Α12-T4 Α13+T3 T4 Α13-Α14+T4 Α14

T1 T2 T3 T4

s2 Α21 Α22 Α23 Α24
-T2 T3 T4 Α21+T1 T2 T3 T4 Α21-T3 T4 Α22+T2 T3 T4 Α22-T4 Α23+T3 T4 Α23-Α24+T4 Α24

T1 T2 T3 T4

s3 Α31 Α32 Α33 Α34
-T2 T3 T4 Α31+T1 T2 T3 T4 Α31-T3 T4 Α32+T2 T3 T4 Α32-T4 Α33+T3 T4 Α33-Α34+T4 Α34

T1 T2 T3 T4

s4 Α41 Α42 Α43 Α44
-T2 T3 T4 Α41+T1 T2 T3 T4 Α41-T3 T4 Α42+T2 T3 T4 Α42-T4 Α43+T3 T4 Α43-Α44+T4 Α44

T1 T2 T3 T4

su 0 0 0 0 1

T1 T2 T3 T4

S Σ1 Σ2 Σ3 Σ4
1

T1 T2 T3 T4

,

Ω s1 s2 s3 s4 su

s1 Α11 Α12 Α13 Α14
-1+T1

T1

s2 Α21 Α22 Α23 Α24
-1+T2

T1 T2

s3 Α31 Α32 Α33 Α34
-1+T3

T1 T2 T3

s4 Α41 Α42 Α43 Α44
-1+T4

T1 T2 T3 T4

su 0 0 0 0 1

T1 T2 T3 T4

S Σ1 Σ2 Σ3 Σ4
1

T1 T2 T3 T4

,

1

T1 T2 T3 T4

HT4 HT3 HH-1 + T1L T2 H-1 + Α11L + H-1 + T2L Α12L + H-1 + T3L Α13L + H-1 + T4L Α14L � 0 &&

1

T1 T2 T3 T4

HT4 H-Α23 + T3 H1 - Α22 + T2 H-1 + H-1 + T1L Α21 + Α22L + Α23LL + H-1 + T4L Α24L � 0 &&

1

T1 T2 T3 T4

H-Α34 + T4 H1 - Α33 + T3 H-1 - Α32 + T2 HH-1 + T1L Α31 + Α32L + Α33L + Α34LL � 0 &&

1

T1 T2 T3 T4

H1 - Α44 + T4 H-1 - Α43 + T3 H-Α42 + T2 HH-1 + T1L Α41 + Α42L + Α43L + Α44LL � 0>
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9cert = Γ1 �� dm@1, 2, 1D �� dm@3, 4, 2D,

eqns = HΕ@1D Ε@2D �� GL � Icert �. Σ_ ® 1M �� Simplify=

:

-
Ω HΑ14 Α32+Α24 Α32-Α12 Α34-Α22 Α34+Α14 Α42+Α24 Α42-Α12 Α44-Α22 Α44L

Σ2 Σ4
s1

s1
Α14 Α31+Α24 Α31-Α11 Α34-Α21 Α34+Α14 Α41+Α24 Α41-Α11 Α44-Α21 Α44

Α14 Α32+Α24 Α32-Α12 Α34-Α22 Α34+Α14 Α42+Α24 Α42-Α12 Α44-Α22 Α44

Α14

Α14

s2
Α12 Α31+Α22 Α31-Α11 Α32-Α21 Α32+Α12 Α41+Α22 Α41-Α11 Α42-Α21 Α42

-Α14 Α32-Α24 Α32+Α12 Α34+Α22 Α34-Α14 Α42-Α24 Α42+Α12 Α44+Α22 Α44

Α13

Α14

S
Σ1

Σ2

&&

Α14 HΑ31 + Α41L + Α24 HΑ31 + Α41L - HΑ11 + Α21L HΑ34 + Α44L
Α14 HΑ32 + Α42L + Α24 HΑ32 + Α42L - HΑ12 + Α22L HΑ34 + Α44L

� 1 &&

Α14 HΑ33 + Α43L + Α24 HΑ33 + Α43L - HΑ13 + Α23L HΑ34 + Α44L
Α14 HΑ32 + Α42L + Α24 HΑ32 + Α42L - HΑ12 + Α22L HΑ34 + Α44L

� 0 &&

Α12 HΑ31 + Α41L + Α22 HΑ31 + Α41L - HΑ11 + Α21L HΑ32 + Α42L
-Α14 HΑ32 + Α42L - Α24 HΑ32 + Α42L + HΑ12 + Α22L HΑ34 + Α44L

� 0 &&

Α13 HΑ32 + Α42L + Α23 HΑ32 + Α42L - HΑ12 + Α22L HΑ33 + Α43L
Α14 HΑ32 + Α42L + Α24 HΑ32 + Α42L - HΑ12 + Α22L HΑ34 + Α44L

� 1>

Γ1 �� dm@2, 1, 1D �� dm@4, 3, 3D
-

Ω HΑ23 Α41-Α24 Α41-Α23 Α42+Α24 Α42-Α21 Α43+Α22 Α43+Α21 Α44-Α22 Α44L
Σ2 Σ4

s1

s1 -
Α13 Α41-Α14 Α41-Α13 Α42+Α14 Α42-Α11 Α43+Α12 Α43+Α11 Α44-Α12 Α44

Α23 Α41-Α24 Α41-Α23 Α42+Α24 Α42-Α21 Α43+Α22 Α43+Α21 Α44-Α22 Α44
-

Α13

-Α23

s3 -
Α33 Α41-Α34 Α41-Α33 Α42+Α34 Α42-Α31 Α43+Α32 Α43+Α31 Α44-Α32 Α44

Α23 Α41-Α24 Α41-Α23 Α42+Α24 Α42-Α21 Α43+Α22 Α43+Α21 Α44-Α22 Α44
-

Α23

Α23

S
Σ1

Σ2

alex = FullSimplify@HΓ1 �� dm@4, 3, 3D �� dm@3, 2, 2D �� dm@2, 1, 1DL�ΩD
1

Σ2 Σ4

Ω H-HΑ23 - Α24 + Α33 - Α34L HΑ41 - Α42L + HΑ21 - Α22 + Α31 - Α32L HΑ43 - Α44LL

8FullSimplify@alex, eqnsD, FullSimplify@cert�ΩD,

FullSimplify@alex, eqns && ucond && ocondD<
:

Ω H-HΑ23 - Α24L HΑ41 - Α42L + HΑ21 - Α22L HΑ43 - Α44LL
Σ2 Σ4

,

Ω H-HΑ14 + Α24L HΑ32 + Α42L + HΑ12 + Α22L HΑ34 + Α44LL
Σ2 Σ4

,

Ω H-HΑ23 - Α24L HΑ41 - Α42L + HΑ21 - Α22L HΑ43 - Α44LL
Σ2 Σ4

>

SimplifyB alex

cert�Ω

F
-H-HΑ23 - Α24 + Α33 - Α34L HΑ41 - Α42L + HΑ21 - Α22 + Α31 - Α32L HΑ43 - Α44LL �

HΑ14 HΑ32 + Α42L + Α24 HΑ32 + Α42L - HΑ12 + Α22L HΑ34 + Α44LL
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Unitarity of Γ0

Wc@n_D := TableBWhichBi < j, 0, i � j,
1

1 - Ti

, i > j, 1F, 8i, n<, 8j, n<F;

Wc@4D �� MatrixForm

1

1-T1
0 0 0

1 1

1-T2
0 0

1 1 1

1-T3
0

1 1 1 1

1-T4

Transpose@Γ0@ADD.Wc@4D.HΓ0@AD �. Α ® ΒL �� MatrixForm

I Α11

1-T1
+ Α21 + Α31 + Α41M Β11 + I Α21

1-T2
+ Α31 + Α41M Β21 + I Α31

1-T3
+ Α41M Β31 +

Α41 Β41

1-T4
I Α11

1-T1
+ Α21 + Α31 + Α41M Β12

I Α12

1-T1
+ Α22 + Α32 + Α42M Β11 + I Α22

1-T2
+ Α32 + Α42M Β21 + I Α32

1-T3
+ Α42M Β31 +

Α42 Β41

1-T4
I Α12

1-T1
+ Α22 + Α32 + Α42M Β12

I Α13

1-T1
+ Α23 + Α33 + Α43M Β11 + I Α23

1-T2
+ Α33 + Α43M Β21 + I Α33

1-T3
+ Α43M Β31 +

Α43 Β41

1-T4
I Α13

1-T1
+ Α23 + Α33 + Α43M Β12

I Α14

1-T1
+ Α24 + Α34 + Α44M Β11 + I Α24

1-T2
+ Α34 + Α44M Β21 + I Α34

1-T3
+ Α44M Β31 +

Α44 Β41

1-T4
I Α14

1-T1
+ Α24 + Α34 + Α44M Β12
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unita1 = Simplify@And �� Thread@
Flatten@Transpose@Γ0@ADD.Wc@4D.HΓ0@AD �. Α ® ΒLD � Flatten@Wc@4DD

DD
1

-1 + T1

+

Α11

1 - T1

+ Α21 + Α31 + Α41 Β11 +

Α21

1 - T2

+ Α31 + Α41 Β21 +

Α31

1 - T3

+ Α41 Β31 +

Α41 Β41

1 - T4

� 0 &&

Α11

1 - T1

+ Α21 + Α31 + Α41 Β12 +

Α21

1 - T2

+ Α31 + Α41 Β22 +

Α31

1 - T3

+ Α41 Β32 +

Α41 Β42

1 - T4

� 0 &&

Α11

1 - T1

+ Α21 + Α31 + Α41 Β13 +

Α21

1 - T2

+ Α31 + Α41 Β23 +

Α31

1 - T3

+ Α41 Β33 +

Α41 Β43

1 - T4

� 0 &&

Α11

1 - T1

+ Α21 + Α31 + Α41 Β14 +

Α21

1 - T2

+ Α31 + Α41 Β24 +

Α31

1 - T3

+ Α41 Β34 +

Α41 Β44

1 - T4

� 0 &&

Α12

1 - T1

+ Α22 + Α32 + Α42 Β11 +

Α22

1 - T2

+ Α32 + Α42 Β21 +

Α32

1 - T3

+ Α42 Β31 +

Α42 Β41

1 - T4

� 1 &&

1

-1 + T2

+

Α12

1 - T1

+ Α22 + Α32 + Α42 Β12 +

Α22

1 - T2

+ Α32 + Α42 Β22 +

Α32

1 - T3

+ Α42 Β32 +

Α42 Β42

1 - T4

� 0 &&

Α12

1 - T1

+ Α22 + Α32 + Α42 Β13 +

Α22

1 - T2

+ Α32 + Α42 Β23 +

Α32

1 - T3

+ Α42 Β33 +

Α42 Β43

1 - T4

� 0 &&

Α12

1 - T1

+ Α22 + Α32 + Α42 Β14 +

Α22

1 - T2

+ Α32 + Α42 Β24 +

Α32

1 - T3

+ Α42 Β34 +

Α42 Β44

1 - T4

� 0 &&

Α13

1 - T1

+ Α23 + Α33 + Α43 Β11 +

Α23

1 - T2

+ Α33 + Α43 Β21 +

Α33

1 - T3

+ Α43 Β31 +

Α43 Β41

1 - T4

� 1 &&

Α13

1 - T1

+ Α23 + Α33 + Α43 Β12 +

Α23

1 - T2

+ Α33 + Α43 Β22 +

Α33

1 - T3

+ Α43 Β32 +

Α43 Β42

1 - T4

� 1 &&

1

-1 + T3

+

Α13

1 - T1

+ Α23 + Α33 + Α43 Β13 +

Α23

1 - T2

+ Α33 + Α43 Β23 +

Α33

1 - T3

+ Α43 Β33 +

Α43 Β43

1 - T4

� 0 &&

Α13

1 - T1

+ Α23 + Α33 + Α43 Β14 +

Α23

1 - T2

+ Α33 + Α43 Β24 +

Α33

1 - T3

+ Α43 Β34 +

Α43 Β44

1 - T4

� 0 &&

Α14

1 - T1

+ Α24 + Α34 + Α44 Β11 +

Α24

1 - T2

+ Α34 + Α44 Β21 +

Α34

1 - T3

+ Α44 Β31 +

Α44 Β41

1 - T4

� 1 &&

Α14

1 - T1

+ Α24 + Α34 + Α44 Β12 +

Α24

1 - T2

+ Α34 + Α44 Β22 +

Α34

1 - T3

+ Α44 Β32 +

Α44 Β42

1 - T4

� 1 &&

Α14

1 - T1

+ Α24 + Α34 + Α44 Β13 +

Α24

1 - T2

+ Α34 + Α44 Β23 +

Α34

1 - T3

+ Α44 Β33 +

Α44 Β43

1 - T4

� 1 &&

1

-1 + T4

+

Α14

1 - T1

+ Α24 + Α34 + Α44 Β14 +

Α24

1 - T2

+ Α34 + Α44 Β24 +

Α34

1 - T3

+ Α44 Β34 +

Α44 Β44

1 - T4

� 0
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unita2 = SimplifyAunita1 �. 9T1 3 ® T, T2 4 ® 1 � T=E
1

-1 + T
+

Α11

1 - T
+ Α21 + Α31 + Α41 Β11 +

T Α21

-1 + T
+ Α31 + Α41 Β21 +

Α31

1 - T
+ Α41 Β31 +

T Α41 Β41

-1 + T
� 0 &&

Α11

1 - T
+ Α21 + Α31 + Α41 Β12 +

T Α21

-1 + T
+ Α31 + Α41 Β22 +

Α31

1 - T
+ Α41 Β32 +

T Α41 Β42

-1 + T
� 0 &&

Α11

1 - T
+ Α21 + Α31 + Α41 Β13 +

T Α21

-1 + T
+ Α31 + Α41 Β23 +

Α31

1 - T
+ Α41 Β33 +

T Α41 Β43

-1 + T
� 0 &&

Α11

1 - T
+ Α21 + Α31 + Α41 Β14 +

T Α21

-1 + T
+ Α31 + Α41 Β24 +

Α31

1 - T
+ Α41 Β34 +

T Α41 Β44

-1 + T
� 0 &&

Α12

1 - T
+ Α22 + Α32 + Α42 Β11 +

T Α22

-1 + T
+ Α32 + Α42 Β21 +

Α32

1 - T
+ Α42 Β31 +

T Α42 Β41

-1 + T
� 1 &&

1

-1 +
1

T

+

Α12

1 - T
+ Α22 + Α32 + Α42 Β12 +

T Α22

-1 + T
+ Α32 + Α42 Β22 +

Α32

1 - T
+ Α42 Β32 +

T Α42 Β42

-1 + T
� 0 &&

Α12

1 - T
+ Α22 + Α32 + Α42 Β13 +

T Α22

-1 + T
+ Α32 + Α42 Β23 +

Α32

1 - T
+ Α42 Β33 +

T Α42 Β43

-1 + T
� 0 &&

Α12

1 - T
+ Α22 + Α32 + Α42 Β14 +

T Α22

-1 + T
+ Α32 + Α42 Β24 +

Α32

1 - T
+ Α42 Β34 +

T Α42 Β44

-1 + T
� 0 &&

Α13

1 - T
+ Α23 + Α33 + Α43 Β11 +

T Α23

-1 + T
+ Α33 + Α43 Β21 +

Α33

1 - T
+ Α43 Β31 +

T Α43 Β41

-1 + T
� 1 &&

Α13

1 - T
+ Α23 + Α33 + Α43 Β12 +

T Α23

-1 + T
+ Α33 + Α43 Β22 +

Α33

1 - T
+ Α43 Β32 +

T Α43 Β42

-1 + T
� 1 &&

1

-1 + T
+

Α13

1 - T
+ Α23 + Α33 + Α43 Β13 +

T Α23

-1 + T
+ Α33 + Α43 Β23 +

Α33

1 - T
+ Α43 Β33 +

T Α43 Β43

-1 + T
� 0 &&

Α13

1 - T
+ Α23 + Α33 + Α43 Β14 +

T Α23

-1 + T
+ Α33 + Α43 Β24 +

Α33

1 - T
+ Α43 Β34 +

T Α43 Β44

-1 + T
� 0 &&

Α14

1 - T
+ Α24 + Α34 + Α44 Β11 +

T Α24

-1 + T
+ Α34 + Α44 Β21 +

Α34

1 - T
+ Α44 Β31 +

T Α44 Β41

-1 + T
� 1 &&

Α14

1 - T
+ Α24 + Α34 + Α44 Β12 +

T Α24

-1 + T
+ Α34 + Α44 Β22 +

Α34

1 - T
+ Α44 Β32 +

T Α44 Β42

-1 + T
� 1 &&

Α14

1 - T
+ Α24 + Α34 + Α44 Β13 +

T Α24

-1 + T
+ Α34 + Α44 Β23 +

Α34

1 - T
+ Α44 Β33 +

T Α44 Β43

-1 + T
� 1 &&

1

-1 +
1

T

+

Α14

1 - T
+ Α24 + Α34 + Α44 Β14 +

T Α24

-1 + T
+ Α34 + Α44 Β24 +

Α34

1 - T
+ Α44 Β34 +

T Α44 Β44

-1 + T
� 0
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unitarule = ThreadA
Flatten@Transpose@Γ0@ADDD ® FlattenASimplifyA

Wc@4D.Inverse@Wc@4D.HΓ0@AD �. Α ® ΒLD �. 9T1 3 ® T, T2 4 ® 1 � T=
EE

E
A very large output was generated. Here is a sample of it:

:Α11 ®

HΒ12 Β24 Β33 - T Β12 Β24 Β33 - Β12 Β23 Β34 + T Β12 Β23 Β34 - T Β24 Β33 Β42 + T Β23 Β34 Β42 + Β12 Β24 Β43 -

T Β12 Β24 Β43 + �10� + T Β12 Β23 Β44 - T Β23 Β32 Β44 - Β12 Β33 Β44 + T Β12 Β33 Β44 +

T Β22 Β33 Β44 + H-1 + TL Β13 HΒ34 Β42 + Β24 HΒ32 + Β42L - Β32 Β44 - Β22 HΒ34 + Β44LLL �
HT HΒ12 Β24 Β33 Β41 - Β12 Β23 Β34 Β41 - Β11 Β24 Β33 Β42 + Β11 Β23 Β34 Β42 - Β12 Β24 Β31 Β43 +

Β11 Β24 Β32 Β43 + Β12 Β21 Β34 Β43 - Β�2� �3� + Β14 H�1�L +

Β12 Β23 Β31 Β44 - Β11 Β23 Β32 Β44 - Β12 Β21 Β33 Β44 + Β11 Β22 Β33 Β44 +

Β13 HΒ24 H-Β32 Β41 + Β31 Β42L + Β22 HΒ34 Β41 - Β31 Β44L + Β21 H-Β34 Β42 + Β32 Β44LLLL,

Α21 ®
Β14 H�1�L+�1�+�1�

T H�1�L , �12�, Α34 ®
�1�

�1�
,

Α44 ®

�1�

T H�1�L >

Show Less Show More Show Full Output Set Size Limit...

ans1 = SimplifyB Ω � HΣ2 Σ4 L
cert�Ω �. unitarule

, eqns && ucond && ocond �. Α ® ΒF
Β24 HΒ41 - Β42L + Β23 H-Β41 + Β42L + HΒ21 - Β22L HΒ43 - Β44L

ans2 = Simplify@HΣ2 Σ4 L alex � Ω, eqns && ucond && ocondD
Α24 HΑ41 - Α42L + Α23 H-Α41 + Α42L + HΑ21 - Α22L HΑ43 - Α44L

ans3 = HΑ24 - Α23L HΑ41 - Α42L + HΑ21 - Α22L HΑ43 - Α44L
H-Α23 + Α24L HΑ41 - Α42L + HΑ21 - Α22L HΑ43 - Α44L

Simplify@8ans1 � ans2 �. Β ® Α, ans2 � ans3<D
8True, True<
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