
Pensieve header:  A graded-CU variant.

In[ ]:= Date[]

SetDirectory["C:\\drorbn\\AcademicPensieve\\Projects\\FullDoPeGDO"];

Once[<< KnotTheory`];

Once[Get@"../Profile/Profile.m"];

$k = 1;

HL[ℰ_] := Style[ℰ , Background  If[TrueQ@ℰ , , ]];

<< Engine.m

<< Objects.m

Out[ ]= {2021, 5, 27, 4, 27, 7.9530517}

Loading KnotTheory` version of February 2, 2020, 10:53:45.2097.

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

This is Profile.m of http://www.drorbn.net/AcademicPensieve/Projects/Profile/.

This version: April 2020. Original version: July 1994.

“Define” Code

In[ ]:= SetAttributes[Define, HoldAll];

Define[def_, defs__] := (Define[def]; Define[defs];);

Defineop_is__ = ℰ_ := Module{SD, ii, jj, kk, isp, nis, nisp, sis}, Block{i, j, k},

ReleaseHoldHold

SDopnisp,$k_Integer, PPBoot@Block{i, j, k}, opisp,$k = ℰ; opnis,$k;

SDopisp, op{is},$k; SDopsis__, op{sis};

 /. {SD  SetDelayed,

isp  {is} /. {i  i_, j  j_, k  k_},

nis  {is} /. {i  ii, j  jj, k  kk},

nisp  {is} /. {i  ii_, j  jj_, k  kk_}

} 

H

Symmetric Algebra Objects

In[ ]:= Hi_ := Λ2{i}{i}[ℏ βi bi + ℏ τi ti + ℏ αi ai + ℏ ηi yi + ℏ ξi xi];

In[ ]:= smi_,j_k_ := Λ2{i,j}{k}bk βi + βj + tk τi + τj + ak αi + αj + yk ηi + ηj + xk ξi + ξj;

sΔi_j_,k_ := Λ2{i}{j,k}βi bj + bk + τi tj + tk + αi aj + ak + ηi yj + yk + ξi xj + xk;

sSi_ := Λ2{i}{i}[-βi bi - τi ti - αi ai - ηi yi - ξi xi];

sηi_ := Λ2{}{i}[0];

sϵi_ := Λ2{i}{}[0];
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In[ ]:= sσi_j_ := Λ2{i}{j}βi bj + τi tj + αi aj + ηi yj + ξi xj;

sΥi_j_,k_,l_,m_ := Λ2{i}{j,k,l,m}βi bk + τi tk + αi al + ηi yj + ξi xm;

The CU Definitions

In[ ]:= cΛ = ηi +


-ℏ αi-ℏ ϵ βi ηj

1 + ℏ
2
ϵ ηj ξi

yk + βi + βj +

Log1 + ℏ
2
ϵ ηj ξi

ℏ ϵ

bk +

αi + αj +

Log1 + ℏ
2
ϵ ηj ξi

ℏ

ak +

-ℏ αj-ℏ ϵ βj ξi

1 + ℏ
2
ϵ ηj ξi

+ ξj xk;

Definecmi,jk = Λ2{i,j}{k} ηi +


-ℏ αi-ℏ ϵ βi ηj

1 + ℏ
2
ϵ ηj ξi

yk + βi + βj +

Log1 + ℏ
2
ϵ ηj ξi

ℏ ϵ

bk +

αi + αj +

Log1 + ℏ
2
ϵ ηj ξi

ℏ

ak +

-ℏ αj-ℏ ϵ βj ξi

1 + ℏ
2
ϵ ηj ξi

+ ξj xk

In[ ]:= cm1,21 // cm1,31

Out[ ]= {1,2,3}{1}a1 (α1 + α2 + α3) + b1 β1 + b1 β2 + b1 β3 + y1 η1 +

y1 η2

1

+
y1 η3

1 2

+
x1 ξ1

2 3

+ ℏ b1 η2 ξ1 +
ℏ b1 η3 ξ1

2

+
x1 ξ2

3

+ ℏ b1 η3 ξ2 + x1 ξ3,

-
ℏ y1 β1 η2

1

-
ℏ y1 β1 η3

1 2

-
ℏ y1 β2 η3

1 2

-
ℏ x1 β2 ξ1

2 3

-
ℏ x1 β3 ξ1

2 3

+ ℏ a1 η2 ξ1 -
ℏ2 y1 η2

2 ξ1

1

+

ℏ a1 η3 ξ1

2

-
ℏ2 b1 β2 η3 ξ1

2

-
2 ℏ2 y1 η2 η3 ξ1

1 2

-
ℏ2 y1 η3

2 ξ1

1 2
2

-
ℏ2 x1 η2 ξ1

2

2 3

-

1

2
ℏ
3 b1 η2

2
ξ1
2
-
ℏ2 x1 η3 ξ1

2

2
2 3

-
ℏ3 b1 η2 η3 ξ1

2

2

-
ℏ3 b1 η3

2 ξ1
2

2 2
2

-
ℏ x1 β3 ξ2

3

+ ℏ a1 η3 ξ2 -

ℏ2 y1 η3
2 ξ2

1 2

-
2 ℏ2 x1 η3 ξ1 ξ2

2 3

-
ℏ3 b1 η3

2 ξ1 ξ2

2

-
ℏ2 x1 η3 ξ2

2

3

-
1

2
ℏ
3 b1 η3

2
ξ2
2


In[ ]:= HL[(cm1,21 // cm1,31) ≡ (cm2,32 // cm1,21)]

Out[ ]= True

In[ ]:= Definecσij = sσi,j /. τi  0, cϵi = sϵi, cηi = sηi, cΔij,k = sΔij,k,

cSi = sSi // sΥi1,2,3,4 // cm4,3i // cmi,2i // cmi,1i;
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In[ ]:= HL@Simplify[(cm1,21 // H1 // U2l) ≡ ((H1 H2) // cm1,21 // U2l)]

Out[ ]= ℏ -
-ℏ α1 + 

-ℏ2 α1 y1 η2 + -
-ℏ α2 + 

-ℏ2 α2 x1 + (-1 + ℏ) ℏ b1 η2 ξ1  0 &&


-ℏ (1+ℏ) (α1+α2) ℏ 2 

ℏ (1+ℏ) α2 y1 η2 
ℏ2 α1 - 

ℏ α1 ℏ β1 + ℏ 
ℏ2 α1 - 

ℏ α1 ℏ
2
 η2 ξ1 +


ℏ (1+ℏ) α1 ξ1 2 x1 

ℏ2 α2 - 
ℏ α2 ℏ β2 + ℏ 

ℏ2 α2 - 
ℏ α2 ℏ

2
 η2 ξ1 -


ℏ (1+ℏ) α2 (-1 + ℏ) η2 -2 a1 + ℏ

2
1 + ℏ + ℏ

2
 b1 η2 ξ1  0

Booting Up QU

Upper to lower and lower to Upper:

In[ ]:= U2l[ℰ_] :=

ℰ /. Bi_
p_.
 

-p ℏ bi, Bp_.  -p ℏ b, Ti_
p_.
 

p ℏ ti, Tp_.  p ℏ t, i_
p_.
 

p ℏ αi, p_.
 

p ℏ α
;

l2U[ℰ_] := ℰ //. c_. bi_+d_.  Bi
-c/ℏ


d, c_. b+d_.  B-c/ℏ d,


c_. ti_+d_.  Ti

c/ℏ

d, c_. t+d_.  Tc/ℏ d,


c_. αi_+d_.  i

c/ℏ

d, c_. α+d_.  c/ℏ


d, _  Expand@;

l2U[r_Rule] := Module[{U = r〚1〛 /. {b  B, t  T, α  }}, U  l2U[U2l[U] /. r]];

AlsoUpper[rs_List] := rs⋃ (l2U /@ rs);

Derivatives in the presence of exponentiated variables:

In[ ]:= Db[f_] := ∂b f - ℏ B ∂B f; Dbi_[f_] := ∂bi f - ℏ Bi ∂Bi f;

Dt[f_] := ∂t f + ℏ T ∂T f; Dti_[f_] := ∂ti f + ℏ Ti ∂Ti f;

Dα[f_] := ∂α f + ℏ  ∂ f; Dαi_[f_] := ∂αi f + ℏ i ∂i
f;

Dv_[f_] := ∂v f;

In[ ]:= Defineaσij = Λ2{i}{j}aj αi + xj ξi, bσij = Λ2{i}{j}bj βi + yj ηi

In[ ]:= Defineami,jk = Λ2{i,j}{k}αi + αj ak + j
-1
ξi + ξj xk,

bmi,jk = Λ2{i,j}{k}βi + βj bk + ηi + 
- ℏ ϵ βi ηj yk

In[ ]:= j
-1

// U2l

Out[ ]= 
-ℏ αj

In[ ]:= {am1,23, bm1,23}

Out[ ]= {1,2}{3}a3 (α1 + α2) + x3
ξ1

2

+ ξ2 , 0, {1,2}{3}[b3 (β1 + β2) + y3 (η1 + η2), -ℏ y3 β1 η2]

In[ ]:= HL /@ {(am1,21 // am1,31) ≡ (am2,32 // am1,21), (bm1,21 // bm1,31) ≡ (bm2,32 // bm1,21)}

Out[ ]= {True, True}
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In[ ]:= bm1,21 // H1 // U2l

(H1 H2) // bm1,21 // U2l

Out[ ]= {1,2}{1}ℏ b1 β1 + ℏ b1 β2 + ℏ y1 η1 + ℏ y1 η2, -ℏ
2 y1 β1 η2

Out[ ]= {1,2}{1}ℏ b1 β1 + ℏ b1 β2 + ℏ y1 η1 + ℏ y1 η2, -ℏ
3 y1 β1 η2

In[ ]:= HL@Simplify[(bm1,21 // H1 // U2l) ≡ ((H1 H2) // bm1,21 // U2l)]

Out[ ]= (-1 + ℏ) ℏ y1 β1 η2  0

In[ ]:= HL@Simplify[(am1,21 // H1 // U2l) ≡ ((H1 H2) // am1,21 // U2l)]

Out[ ]= 
-ℏ α2 - 

-ℏ2 α2 ℏ x1 ξ1  0

In[ ]:= DefineRi,j = Module{k}, Λ2{}{i,j}ℏ aj bi + 

k=1

$k+1 1 - 
ϵ ℏ

3


k
ℏ yi xj

k

k 1 - 
k ϵ ℏ3





In[ ]:= Ri,j

Out[ ]= {}{i,j}ℏ aj bi + ℏ xj yi, -
1

4
ℏ
5 xj

2 yi
2


In[ ]:= DefineRi,j = If$k  0, {}{i,j}-ℏ aj bi - ℏ xj yi / Bi,

AppendR{i,j},$k-1, -LastPadRightR{i,j},0, $k + 1 R1,2 PadRightR{3,4},$k-1, $k + 1 //

bmi,1i amj,2j // bmi,3i amj,4j



In[ ]:= Ri,j

Out[ ]= {}{i,j}-ℏ aj bi -
ℏ xj yi

Bi
, -ℏ

3 aj Bi
-ℏ xj yi -

1

4
ℏ
4 Bi

-2-2 ℏ
-ℏ Bi

2
- 4 Bi

2 ℏ
+ 4 ℏ Bi

2 ℏ
+ 4 Bi

1+ℏ
 xj

2 yi
2


In[ ]:= R1,2 R3,4 // (dm1,31 dm2,42)

Out[ ]= {}{1,2}-

ℏ -B1 + B1
ℏ x2 y1

B1
, -(-1 + ℏ) ℏ

4 B1
-2+2 ℏ x2

2 y1
2
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Import from Testing.nb
In[ ]:= $k = 3; Ri,j

Out[ ]= {}{i,j}-ℏ aj bi -
ℏ xj yi

Bi
, -

ℏ2 aj xj yi

Bi
-

3 ℏ3 xj
2 yi

2

4 Bi
2

,

-

ℏ3 aj
2 xj yi

2 Bi
+

ℏ4 xj
2 yi

2

2 Bi
2

-

3 ℏ4 aj xj
2 yi

2

2 Bi
2

-

10 ℏ5 xj
3 yi

3

9 Bi
3

,

-

ℏ4 aj
3 xj yi

6 Bi
-

3 ℏ5 xj
2 yi

2

16 Bi
2

+

ℏ5 aj xj
2 yi

2

Bi
2

-

3 ℏ5 aj
2 xj

2 yi
2

2 Bi
2

+

2 ℏ6 xj
3 yi

3

Bi
3

-

10 ℏ6 aj xj
3 yi

3

3 Bi
3

-

35 ℏ7 xj
4 yi

4

16 Bi
4



In[ ]:= $k = 3; Pi,j

Out[ ]= {i,j}{}

αj βi

ℏ
+

ηi ξj

ℏ
,

ηi
2 ξj

2

4 ℏ
,
1

8
ηi
2
ξj
2
+

5 ηi
3 ξj

3

36 ℏ
,

1

24
ℏ ηi

2
ξj
2
+
1

6
ηi
3
ξj
3
+

5 ηi
4 ξj

4

48 ℏ


In[ ]:= $k = 3; aSi

Out[ ]= {i}{i}-ai αi - xi i ξi, -ℏ ai xi i ξi -
1

2
ℏ xi

2
i
2
ξi
2,

-
1

2
ℏ
2 ai

2 xi i ξi +
1

4
ℏ
2 xi

2
i
2
ξi
2
- ℏ

2 ai xi
2
i
2
ξi
2
-
1

2
ℏ
2 xi

3
i
3
ξi
3, -

1

6
ℏ
3 ai

3 xi i ξi -

1

12
ℏ
3 xi

2
i
2
ξi
2
+
1

2
ℏ
3 ai xi

2
i
2
ξi
2
- ℏ

3 ai
2 xi

2
i
2
ξi
2
+
2

3
ℏ
3 xi

3
i
3
ξi
3
-
3

2
ℏ
3 ai xi

3
i
3
ξi
3
-
2

3
ℏ
3 xi

4
i
4
ξi
4


In[ ]:= $k = 3; aSi

Out[ ]= {i}{i}-ai αi - xi i ξi, ℏ xi i ξi - ℏ ai xi i ξi -
1

2
ℏ xi

2
i
2
ξi
2,

-
1

2
ℏ
2 xi i ξi + ℏ

2 ai xi i ξi -
1

2
ℏ
2 ai

2 xi i ξi +
5

4
ℏ
2 xi

2
i
2
ξi
2
- ℏ

2 ai xi
2
i
2
ξi
2
-
1

2
ℏ
2 xi

3
i
3
ξi
3,

1

6
ℏ
3 xi i ξi -

1

2
ℏ
3 ai xi i ξi +

1

2
ℏ
3 ai

2 xi i ξi -
1

6
ℏ
3 ai

3 xi i ξi -
19

12
ℏ
3 xi

2
i
2
ξi
2
+

5

2
ℏ
3 ai xi

2
i
2
ξi
2
- ℏ

3 ai
2 xi

2
i
2
ξi
2
+
13

6
ℏ
3 xi

3
i
3
ξi
3
-
3

2
ℏ
3 ai xi

3
i
3
ξi
3
-
2

3
ℏ
3 xi

4
i
4
ξi
4


In[ ]:= aS1 // aS1

Out[ ]= {1}{1}[a1 α1 + x1 ξ1, 0, 0, 0]

In[ ]:= aS1 // aS1

Out[ ]= {1}{1}[a1 α1 + x1 ξ1, 0, 0, 0]

In[ ]:= bS1 // bS1

Out[ ]= {1}{1}[b1 β1 + y1 η1, 0, 0, 0]
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In[ ]:= $k = 1

Out[ ]= 1

In[ ]:= dS1

Out[ ]= {1}{1}-a1 α1 - b1 β1 -
y1 1 η1

B1
- x1 1 ξ1 +

(1 - B1 1) η1 ξ1

ℏ B1
,

ℏ y1 1 η1

B1
-
y1 1 β1 η1

B1
-
ℏ y1

2 1
2 η1

2

2 B1
2

- ℏ a1 x1 1 ξ1 - x1 1 β1 ξ1 +
a1 1 η1 ξ1

B1
-

ℏ x1 y1 1
2 η1 ξ1

B1
+
(-1 + B1 1) η1 ξ1

B1
+
(1 - B1 1) β1 η1 ξ1

ℏ B1
+

y1 3 1
2 - B1 1

2 η1
2 ξ1

2 B1
2

-

1

2
ℏ x1

2
1
2
ξ1
2
+

x1 3 1
2 - B1 1

2 η1 ξ1
2

2 B1
+

-3 1
2 + 4 B1 1

2 - B1
2 1

2 η1
2 ξ1

2

4 ℏ B1
2



In[ ]:=  = ; dS1 ≡ {1}{1}-a1 α1 - b1 β1 -
y1 1 η1

B1
- x1 1 ξ1 +

(1 - B1 1) η1 ξ1

ℏ B1
,

ℏ y1 1 η1

B1
-
y1 1 β1 η1

B1
-
ℏ y1

2
1
2
η1
2

2 B1
2

- ℏ a1 x1 1 ξ1 - x1 1 β1 ξ1 +
a1 1 η1 ξ1

B1
-

ℏ x1 y1 1
2
η1 ξ1

B1
+
(-1 + B1 1) η1 ξ1

B1
+
(1 - B1 1) β1 η1 ξ1

ℏ B1
+

y1 3 1
2
- B1 1

2
 η1

2
ξ1

2 B1
2

-

1

2
ℏ x1

2
1
2
ξ1
2
+

x1 3 1
2
- B1 1

2
 η1 ξ1

2

2 B1
+

-3 1
2
+ 4 B1 1

2
- B1

2
1
2
 η1

2
ξ1
2

4 ℏ B1
2



Out[ ]= True

In[ ]:= dS1 ≡ {1}{1}-a1 α1 - b1 β1 -
y1 1 η1

B1
- x1 1 ξ1 +

(1 - B1 1) η1 ξ1

ℏ B1
,

-
y1 1 β1 η1

B1
-
ℏ y1

2
1
2
η1
2

2 B1
2

+ ℏ x1 1 ξ1 - ℏ a1 x1 1 ξ1 - x1 1 β1 ξ1 +
a1 1 η1 ξ1

B1
-

ℏ x1 y1 1
2
η1 ξ1

B1
+
(-1 + B1 1) η1 ξ1

B1
+
(1 - B1 1) β1 η1 ξ1

ℏ B1
+

y1 3 1
2
- B1 1

2
 η1

2
ξ1

2 B1
2

-

1

2
ℏ x1

2
1
2
ξ1
2
+

x1 3 1
2
- B1 1

2
 η1 ξ1

2

2 B1
+

-3 1
2
+ 4 B1 1

2
- B1

2
1
2
 η1

2
ξ1
2

4 ℏ B1
2



Out[ ]= True

In[ ]:= dS1 // dS1

Out[ ]= {1}{1}[a1 α1 + b1 β1 + y1 η1 + x1 ξ1, 0]
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In[ ]:= {1}{1}-a1 α1 - b1 β1 -
y1 1 η1

B1
- x1 1 ξ1 +

(1 - B1 1) η1 ξ1

ℏ B1
,

ℏ y1 1 η1

B1
-
y1 1 β1 η1

B1
-
ℏ y1

2
1
2
η1
2

2 B1
2

- ℏ a1 x1 1 ξ1 - x1 1 β1 ξ1 +
a1 1 η1 ξ1

B1
-

ℏ x1 y1 1
2
η1 ξ1

B1
+
(-1 + B1 1) η1 ξ1

B1
+
(1 - B1 1) β1 η1 ξ1

ℏ B1
+

y1 3 1
2
- B1 1

2
 η1

2
ξ1

2 B1
2

-

1

2
ℏ x1

2
1
2
ξ1
2
+

x1 3 1
2
- B1 1

2
 η1 ξ1

2

2 B1
+

-3 1
2
+ 4 B1 1

2
- B1

2
1
2
 η1

2
ξ1
2

4 ℏ B1
2

 //

{1}{1}-a1 α1 - b1 β1 -
y1 1 η1

B1
- x1 1 ξ1 +

(1 - B1 1) η1 ξ1

ℏ B1
,

-
y1 1 β1 η1

B1
-
ℏ y1

2
1
2
η1
2

2 B1
2

+ ℏ x1 1 ξ1 - ℏ a1 x1 1 ξ1 - x1 1 β1 ξ1 +
a1 1 η1 ξ1

B1
-

ℏ x1 y1 1
2
η1 ξ1

B1
+
(-1 + B1 1) η1 ξ1

B1
+

(1 - B1 1) β1 η1 ξ1

ℏ B1
+

y1 3 1
2
- B1 1

2
 η1

2
ξ1

2 B1
2

-

1

2
ℏ x1

2
1
2
ξ1
2
+

x1 3 1
2
- B1 1

2
 η1 ξ1

2

2 B1
+

-3 1
2
+ 4 B1 1

2
- B1

2
1
2
 η1

2
ξ1
2

4 ℏ B1
2



Out[ ]= {1}{1}a1 α1 + b1 β1 + y1 η1 + x1 ξ1 +
(-1 + 1 + B1 1 - B1 1) η1 ξ1

ℏ
,

(-ℏ + ℏ ) y1 η1 + (1 - ) y1 β1 η1 +
1

2
-ℏ + ℏ

2
 y1

2
η1
2
+ (ℏ - ℏ ) x1 ξ1 + (-ℏ + ℏ ) a1 x1 ξ1 +

(1 - ) x1 β1 ξ1 + (-ℏ + ℏ ) x1 y1 η1 ξ1 + a1 (- 1 + 1 - B1 1 + B1 1) η1 ξ1 +

( 1 - 1 - 1 + 1 - B1 1 + B1 1 + B1 1 - B1 1) η1 ξ1 +

(-1 + 1 + 1 - 1 + B1 1 - B1 1 - B1 1 + B1 1) β1 η1 ξ1

ℏ
+

1

2
y1 1 - 2 1 + 2 2

1 - 2 1 -
2

1 + 2 2
1 - 3 B1 1 +

6 B1 1 - 2 2 B1 1 + 2 B1 1 -
2 B1 1 - 2 2 B1 1 η1

2
ξ1 +

1

2
-ℏ + 2 ℏ - ℏ

2
 x1

2
ξ1
2
+
1

2
x1 1 - 2 1 - 2 1 + 4 1 -

2
1 -

3 B1 1 + 2 B1 1 + 6 B1 1 - 4 B1 1 -
2 B1 1 η1 ξ1

2
+

1

4 ℏ
-1

2
+ 2 1

2
- 2 2

1
2
+ 2 1

2
- 4 1

2
+ 4 2

1
2
- 2 2

1
2
- 3 2 2

1
2
+ 4 2 2

1
2
+

4 B1 1
2
- 8 B1 1

2
+ 4 2 B1 1

2
- 8 B1 1

2
+ 12 B1 1

2
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In[ ]:= {1}{1}-a1 α1 - b1 β1 -
y1 1 η1

B1
- x1 1 ξ1 +

(1 - B1 1) η1 ξ1

ℏ B1
,

ℏ y1 1 η1

B1
-
y1 1 β1 η1

B1
-
ℏ y1

2
1
2
η1
2

2 B1
2

- ℏ a1 x1 1 ξ1 - x1 1 β1 ξ1 +
a1 1 η1 ξ1

B1
-

ℏ x1 y1 1
2
η1 ξ1

B1
+
(-1 + B1 1) η1 ξ1

B1
+
(1 - B1 1) β1 η1 ξ1

ℏ B1
+

y1 3 1
2
- B1 1

2
 η1

2
ξ1

2 B1
2

-

1

2
ℏ x1

2
1
2
ξ1
2
+

x1 3 1
2
- B1 1

2
 η1 ξ1

2

2 B1
+

-3 1
2
+ 4 B1 1

2
- B1

2
1
2
 η1

2
ξ1
2

4 ℏ B1
2

 //

{1}{1}-a1 α1 - b1 β1 -
y1 1 η1

B1
- x1 1 ξ1 +

(1 - B1 1) η1 ξ1

ℏ B1
,

-
y1 1 β1 η1

B1
-
ℏ y1

2
1
2
η1
2

2 B1
2

+ ℏ x1 1 ξ1 - ℏ a1 x1 1 ξ1 - x1 1 β1 ξ1 +
a1 1 η1 ξ1

B1
-

ℏ x1 y1 1
2
η1 ξ1

B1
+

(-1 + B1 1) η1 ξ1

B1
+

(1 - B1 1) β1 η1 ξ1

ℏ B1
+

y1 3 1
2
- B1 1

2
 η1

2
ξ1

2 B1
2

-

1

2
ℏ x1

2
1
2
ξ1
2
+

x1 3 1
2
- B1 1

2
 η1 ξ1

2

2 B1
+

-3 1
2
+ 4 B1 1

2
- B1

2
1
2
 η1

2
ξ1
2

4 ℏ B1
2



Out[ ]= {1}{1}a1 α1 + b1 β1 + y1 η1 + x1 ξ1,

(ℏ - ℏ ) x1 y1 η1 ξ1 + (- 1 - 1 + 1 + 1 + B1 1 + B1 1 - B1 1 - B1 1) η1 ξ1 +

(1 - 1 - B1 1 + B1 1) β1 η1 ξ1

ℏ
+

y1 (- 1 + 1 + B1 1 - B1 1) η1
2
ξ1 + x1 (1 - 1 - B1 1 + B1 1) η1 ξ1

2
+

- 1
2 + 1

2 - B1 1
2 + 2 B1 1

2 - B1 1
2 + B1

2 1
2 - B1

2 1
2 η1

2 ξ1
2

ℏ


In[ ]:= {1}{1}a1 α1 + b1 β1 + y1 η1 + x1 ξ1,

(ℏ - ℏ ) x1 y1 η1 ξ1 + - 1 + 1 + 1 + B1 1 - B1 1 - B1 1 - 1
2
+ B1 1

2
 η1 ξ1 +

(1 - 1 - B1 1 + B1 1) β1 η1 ξ1

ℏ

+

y1 (- 1 + 1 + B1 1 - B1 1) η1
2
ξ1 + x1 (1 - 1 - B1 1 + B1 1) η1 ξ1

2
+

- 1
2
+ 1

2
- B1 1

2
+ 2 B1 1

2
- B1 1

2
+ B1

2
1
2
- B1

2
1
2
 η1

2
ξ1
2

ℏ

 /. {Red Green Blue  1}

Out[ ]= {1}{1}a1 α1 + b1 β1 + y1 η1 + x1 ξ1,

 1 - B1 1 - 1
2
+ B1 1

2
 η1 ξ1 +

(1 - 1 - B1 1 + B1 1) β1 η1 ξ1

ℏ
+

y1 (-1 + 1 + B1 1 - B1 1) η1
2
ξ1 +

-1
2 + 1

2 + B1 1
2 - B1 1

2 η1
2 ξ1

2

ℏ
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In[ ]:= {1}{1}-a1 α1 - b1 β1 -
y1 1 η1

B1
- x1 1 ξ1 +

(1 - B1 1) η1 ξ1

ℏ B1
, 0 //

{1}{1}-a1 α1 - b1 β1 -
y1 1 η1

B1
- x1 1 ξ1 +

(1 - B1 1) η1 ξ1

ℏ B1
,

(1 - B1 1) β1 η1 ξ1

ℏ B1


Out[ ]= {1}{1}a1 α1 + b1 β1 + y1 η1 + x1 ξ1 +
(-1 + 1 + B1 1 - B1 1) η1 ξ1

ℏ
,

( 1 - B1 1) η1 ξ1 +
(- 1 + B1 1) β1 η1 ξ1

ℏ
+ y1 

2
1 -

2 B1 1 η1
2
ξ1 +


2

1
2 + B1 1

2 - 2 2 B1 1
2 - B1

2 1
2 +

2 B1
2 1

2 η1
2 ξ1

2

ℏ


In[ ]:= kR1,4 kR5,2 kC3 // km2,42 // km1,31 // km1,51

Out[ ]= {}{1,2}[0, ℏ a1, 0]

In[ ]:= kC1 dη2

Out[ ]= {}{1,2}-
ℏ t1

2
, ℏ a1, 0

In[ ]:= ({}{1,2}[0, a2 x1] // am1,21)

Out[ ]= {}{1}[0, -x1 + a1 x1]

In[ ]:= $k = 2; 2Λ[{}{1,2}[0, y2 b1] // bm1,21]

Out[ ]= b1 y1

In[ ]:= {}{1,2}[0, y2 b1]

Out[ ]= {}{1,2}[0, b1 y2]
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