Pensieve Header: The braid group action that arises in 8 calculus and the n-strand group.

npssi= Set Di rectory [" C:\\drorbn\\ Academ cPensi eve\\ 2012-01"1;
<< betaCal culus. m
BSinmplify = Full Sinplify;
-1

npol= ar [1, 2] *x | —— ar [1, 2]| // BForm
1+c[1l]

Out[19]//MatrixForm=

(0)

nisa= {BL = W[1] + Sum[azoisj ar[i, j1, {i, 3}, {j, 3}] +ar[5, 6],
Bl // dm[1, 5, 1],
Bl // dm[2, 6, 2],
pl // dm[l, 5, 11 // dm[2, 6, 2]

} 7. cli_l = ¢ // BForm // Col urmForm
W1] hil] h[2] h[3] h[6]
t[1] 11 ouz  ous 0
Out[164]= t [2] 21 22 23 0
t[3] os1 o3 Qss 0
t [5] 0 0 0 1
W1] hil] h[2] h[3] hi6]
1+Cq1 a11
t [l] a11 12 013 1+C1 011+C2 Qp1+C3 031
C1 021
t [2] a21 az2 023 1+Cq 011+C2 ap1+C3 031
C1 031
t [3] %31 32 033 1+Cy 011+C2 021+C3 Q31
W1] hil] h[2] h(3]
t (1] a1 12 013
t[2] o Q22 Q23
t (3] as1 032 33
t[5] 0 1+Cyagp+Corapy+C3azp 0
W1] hil] hi2] h[3]
(1+C3 aa1) (1+C1 a12+C2 a22+C3 032)
t [l] @11 a2 + 1+C1 011+C2 a1+C3 Q31 Qa3
C1az1 (1+C1 012+C2 0224C3 a32)
E [2] a21 Q22 + 1+C1 011+C2 a21+C3 Q31 azs3
t [3] 31 032 + Ciaz1 (1+C1 012+Cp 022+C3 a32) o33

1+C1 011+C2 1+C3 Q31
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In[158]:= {/31 =W1] +Sum[a10i,,j arfi, j1, {i, 3}, {, 3}],
Bl =% ar [1, 2],

Bl xx | —— ar [1, 2]
1+c[1l]
]» /. c[i_]1 =» c; // BForm // Col umForm
W1] h[l] h[2] h[3]
t[1] ou1  ou2 a3
Out[158]=
t[2] o211 o222 O23
t[3] os1 a3z as3
W1] h[1] h[2] h[3]
(1+C1011) (1+Cq o12+C2 ap2+C3 032)
t [l] @11 Qa2 + 1+C1 a11+C2 Q21+C3 031 %13
Ciaz; (1+C1 012+C2 022+C3 a32)
t [2] a2t *22 + 1+C1 11+C2 021+C3 031 23
Cias (1+C1 012+Cp 022+C3 a32)
t [3] a31 32 + 1+C1 011+C2 p1+C3 Q31 o33
W1] hil] h[2] h[3]
(1+€1 a11) (1+Cy 012+C2 a2p+C3 032)
t[1 o 12 - o
[1] 1 12 (1+c1) (1+C1 11+C2 021+C3 031) 13
1+C1 012+Cp 022+C3 032)
tr2 o o _ Ciaz (1+C1 a12+Cp A22+C3 O32 a
[2] 21 22 (1+C1) (1+C1 ag1+Cp ap1+C3 Q31) 28
t [3] ozt asp - C1o31 (1+C1 02+Cp p2+C3 032) a3

(1+C1) (1+Cq 11+C2 0p1+C3 031)

o= {BL = WL1] + Sumfauoi ar [i, j 1, (i, 3}, 4, 3}],
Bl *+ ar [1, 2],

Bl *=x — ar [1, 2]
1+cCc[1]
} /. c[i_] =» c // BForm // Col umForm
W1] h[l] h[2] h[3]
- t[1] ou1  ou2  ous
t[2] o1 022 az3
t[3] oas1 a3z 033
W1] h[l] hi2] h(3]
(1+c a11) (1+C (auz+opz+as2))
t [l] Q11 a1z + 1+C (ap1+021+031) o3
t[2] 021 O2p + Cap (1+C (cup+aa+azz)) 23

1+C (o11+021+031)

Coaz1 (1+C (quztoge+as?))

t [3] o31 a32 + 1+C (o11+021+031) as3
W1] hil] h(2] h([3]
(l+Cc az1) (1+C (oup+op2+032))
t[1 o o1 - a
(1] 1 12 (1+c) (l+c (on1+op1+as1)) 13
1+ +
t [2] ar1 Qoo - C oz (1+C (au2+ag2+as2)) 23

(1+c) (1+C (aur+opi+as1))

Coaz1 (1+C (quz+opz+as?))
t[3 a 032 - a
[3] st 32 (1+c) (1+C (onr+op1+as1)) 33




In[165]:= {/31 = W[1] + Sum[awoi,j ar i, j1, (i, 3}, {, 3}]

Out[165]=

ar [1, 2] =% 1,

-1
[—ar [1, 21| ** Bl
1+c[1]

]» /. c[i_]1 =» c; // BForm // Col umForm
W1] h[l] h[2] h[3]
t (1] oann 012 ai13
t[2] oan Q22 Q23
t[3] am; as2 o33
W1] hil] h[2] h(3]
t[1] ()(114—(:12:);211 1+ (1+cC1) ar2 +Cpano 0(134-‘:11;.10213
21 23
t[2] Tecs az2 I+c,
t [3] os1 (1+c1) oz o33
W1] hil] h[2] h[3]
t[1] a1 -Craz % oug - C2 az3
+C1
t[2] (l1+c1)anm 022 (1+cy1) o3
t [3] a31 l‘m a33
+Cq

In[166]:= {/31 = W[1] + Sum[awoi,j ar i, j1, i, 3}, {, 3}],

Out[166]=

ar [1, 2] =% 1,

-1
(— ar [1, 27| =+ B1

1+c[1]

} /. c[i_1 =» c // BForm // Col umForm
W1] h[l] h[2] h[3]
t[1] ou1 a2 13
t[2] o1 022 az3
t[3] am: as2 o33
W1] h(1] h(2] h(3]
t (1] o1+ 1+ (1+c)oipg+Cax o013+ lejig
SEI =
t [3] a31 (L+c) oz 033
W1] h[1] h(2] h(3]
t[1] ou1-cCan 71“1%% 013 - C 023
t[2] (1+c)ox 022 (1+c) azs
t [3] az1 s aa3

1l+c
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n=1;

{
al = W[1] + Sum[asoij ar [i, j1, {i, n}, {i, n}],
Bl = vv[l] +Sum[BlOi+j ar [Ir ]]v {Ir n}, {]1 n}]v

al xx 1
} 7. cli_l = ¢ // BForm // Col urmFor m
(W[l] h(l] )
t[1] oan
(W[l] h(l] )
t[1] Bn
(W[l] hil] )
t[1] Bix+oa1 (1+c1B11)
=2;

al = W11 + Sum[aioi.j ar[i, j1, {i, n}, {, n}],
Bl= V\I[l] +Sum[/310i+j ar [Ir ]]! {I! n}! {]r n}]!

al % 1
} 7. cli_1 = ¢ // BForm // Col umForm
W1] h[1l] h[2]
t[1] oa1 o2
t[2] o21 Q22
W1] h[l] h[2]
t[1] pBiur B2
t[2] Ba1 B2z
W1] h(1l] h[2]
Cragp (1+C1 a11+C2 a21) B2 (1+Cqyo11) (1+Cy 012+Co 022) B12
t[1] B +o11 (1+C1pB11) + 1101 012 1Ca ome o2 + 170, omi 10y o +C2 012 B22
(1+C1 011+C2 a21) (1+C2 022) Ba1 Ci a1 (1+C1 012+C a22) P12
t[2] o21 (1+cC1pB11) + ERTSprS— 022 + O — + B22 + C2 az2 B22
(4= N = 2;
al = W[1] + Sum[auoi.j ar[i, j1, {i, n}, {i, n}],
Bl = W[1] +Sum[Baoi. ar[i, j1, {i, n}, {i, n}],
al »% 1
} 7. cli_] =» c // BForm // Col umForm
W1] h[1l] h[2]
out[25]= t[1] 11 12
t[2] o1 o022
W1] h[1l] h[2]
t[1] B B2
t[2] P21 B2z
W1] h(1] h(2]
Caiz (1+C (aur+az1)) Ba1 (1+c a11) (1+C (oap+oz2)) P12
t [1] PBar+oar (1+CB11) + 126 (anpsoma) 012 + 170 (omron) +C o2 B22
t [2] o1 (L+€CBr1) + (1+c (au1+o21)) (1+C oag2) Ba1 Otop + Cop1 (1+C (ou2+022)) B2 + Bog + C 0122 B22

1+C (a12+022) 1+c (ap+az1)
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n=3;

{
al = W1] + Sum[asoi ar[i, j1, i, n}, {j, n}],
Bl = vv[l] +Sum[BlOi+j ar [Ir ]]v {Ir n}, {]1 n}]v
al x% 1

} 7. cli_l = ¢ // BForm // Col urmFor m
W1] hil] h[2] h[3]
t[1] o1 o1z s
t[2] o211 o2 azs
t[3] os1 oz ass
W1] h[l] h[2] h[3]
t[1] Bur Bz Bz
t[2] Bar B2z Bos
t[3] Ba1  Bs2 Bas
W1] hii)
1+C3 011+C2 a21+C3 031) fa1 C3 013 (1+C1 a11+Cp ap1+C3 031) Ba1
tr1 ra 1+c +Cza12( 1011+C2 A21+C3 A31 +
[1] P u 1h11) 1+C1 c12+C2 a22+C3 Q32 1+C1 013+C2 a23+C3 033
1+Cp 022) (14C1 11+Cp 021+C3 a31) Ba1 | Czapa (1+C1 c11+Cp 0214C3 ag1) Bar
t[2 o l+c 4 (L#C202 N
2] 21 A1) 1+c1 a12+C2 022+C3 32 1+C1 013+C2 0i23+C3 Q33
t [3] oaz1 (L+cCq1P11) + e (1+:‘L31C0111+Cz O21+C3 031) 032 o1 (1+C1a11+Co 021+C3 031) B3 Cs (1+C1 ous+Ca 021+C3 at31) 33 fa
+C1 012+C2 Q22+C3 032 1+C1 a13+C2 Qp3+C3 033 1+C1 013+C2 ap3+C3 33

n2el= N = 3;
al = W[1] + Sum[aoi.j ar[i, j1, {i, n}, {, n}],
Bl = W[1] +Sum[Baoi.j ar [i, j1, {i, n}, {i, n}],
al % 1
} 7. cli_] = c // BForm // Col umForm

W1] hil] h[2] h[3]

o tI1] an Q12 Q13

Out[27]=
t[2] oo 022 Q23
t (3] asz1 032 Qass3
W1] hi{1l] h{2] h[3]
t[1] Bur Bz Bis
t (2] Bar B2z B2
t[3] Bar Bsz  Bss
W] hil]
Caip (1+C (our+azi+osi)) Ba C oz (1+€ (aur+opi+asi)) Bai
t [1] Bll + o (1 +C Bll) * 1+C (ar2+022+032) 1+C (a13+023+033)
(1+€ azp) (1+C (ouz+api+osi)) Bai C oz (1+C (aui+opi+asi)) Bai

t [2] 021 (1 +C Bll) * 1+C (aia+agz+032) 1+c (a13+023+033)
t [3] asz1 (L+CpB11) + C (1+C (aa1+oe1+as1)) as2 Ba1 Ba1 + C (aur+opi+agi+ (1+C (ouz+api+os1) ) ass) Bar 3o + !

1+c (aia+azz+032) 1+C (oz+o3+033) 1+c (ai3+0ap3+033)
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:27

{

al:SUm[ha10i+j ar [|; J]x {I
[31=Sum[h[310i+j arf[i, j1, {i, n},

., N}, i, n,
{i, n}],

Lim't[(al**fsl—Bl**al) /h”2, h-0]

} 7
0
t[1]
t[2]
0
1]
2]
0

t
t

1]
2]

— -

{

cli _

h(l]
hO(]_l
hO(21
h(l]
h B11
h B21

C2 (-

= Cj

h(2]
h oo

hO(zz
h[2]
h B12 J
h B22
hil]

021 P12 + a12 B21)
C1 (021 B12 - a12 B21)

// BForm // Col umForm

hi2]
C2 (-o021 Bi2 + 012 B21)
C1 (a21 B12 — a12 B21)

=3; BSinmplify = Factor;

al = Sum[e aoi.j arfi, j1, {i, n}, {j, n}],
Bl = Sum[e Bioi . ar
bracket = /3Co| | ect

} 7
0
t[1]
t[2]
t [3]
0
t[1]
t[2]
t [3]
0
t 1]
t[2]
t [3]

br acket
0

t[1]
t[2]

bracket

br acket
(0)
bracket

0
t 1]
t[2]

cli_

hi1]
€ a11
€ 021
€ 31
hi1)
€ B11

= C //

h[2]
€ a12
€ 022
€ 32
h[2]
€ B12

h[3]
€ 013
€ 023
€ 033
h([3]
€ 13

i, i1, (i,n} {,n}],
[(al »* Bl -Blxxal) /e”2] /.
BForm // Col unmmForm

e-»> 0

€ B23
€ B33

€ B2z
€ B32

€ B21
€ B31

h(1)]
-C2 021 B12 - C3 31 B13 + C2 12 B21 + C3 13 B31
C1 a1 B12 - C1 012 B21 + C3 031 B21 — C3 032 B21 — €3 a31 B23 — C3 Q21 B31 + C3 (23 B31 + C3 021 332
C1 031 B13 - C2 031 B21 + C2 32 B21 + C2 (31 B23 — €1 013 B31 + C2 021 B31 — C2 023 B31 — C2 Q21 B32

{131, B ~»1, a -0, B_~0} // BForm
h[3]
-c[2]
c[1]
{a12—>1, [323—)1, a_—»O, [3_—)0} // BFOI’m
h[3]
c[2]
-c[1]
{ar2 1, Biz>»1, a -0, B_->0} // BForm
{a12—>1, B1-1, a -0, /37—>O} // BForm
hil] h(2]
c[2] c[2]
-c[1] -c[1]

-Coa;

Ci1Qs:



n=3;
al = Sum[awoi. arfi, j1, {i,
al // dS[1],

ny, {j. n}],

BCol lect [(eal // dS[1]) /€]l /. € -0

} 7. cli_1 = ci // BForm //
0 h[l] h[2] h[3]

Col umFor m
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0 h[l] h[2] h[3]

t[1] o11 -o12 -013
t[2] -o21 Q22 023
t[3] -o31 oaz2 033

al = Sum[ayoi. ar[i, j1, {i, n}, {j, n}],

al // dA[1],

BCol lect [(eal // dA[1]) /€] /. €-0

} 7. cli_]l = ¢ // BForm //
0 h[1] h[2] h[3]

Col umFor m

t[1] oau1  oa2  ous
t[2] o211 o022 Q23
t[3] os1 oz Qs
0 h[1] h[2] h[3]
ou1 ouz (-1+C3 o11-C2 a21-C3 031) oug (-1+Cy o11-C2 a21-C3 031)
t[1] - - _
—1+Cy a1 -1+Ccy a1 -1+Cy 011
t [2 ] _ 21 —C1 a12 Q21 -022+C1 Q11 Q22 —C1 013 021 -023+C1 Q11 023
(-1+C1aa1) (-1+C1 a11-Cp 021-C3 a31) -l+ciomn -l+cy o
t [3] _ 31 —C1 012 031 -032+C1 0111 032 —C1 013 031 -033+C1 Q11 033
(-1+cya11) (-1+C1 a11-C2 021-C3 a31) -1+Cy a1 -1+C1 011

t[1] 11 a2 ous
t[2] o211 o2z 023
t[3] os1 o322 Qss
0 h[l] h[2] h[3]
t 1] __an a1z (1+C1 011+C2 0p14C3 az1)  cus (1+C1 o11+C2 ap1+C3 az1)
1+Cq 011 1+Cq 011 1+Cq1 011
t [2 ] _ 21 —C1 12 Q21+022+C1 Q11 Q22 —C1 013 21 +023+C1 Q11 Q23

(1+€1a11) (1+C1 011+C2 a21+C3 a31)

t[3] - s

1+Cq 011
-C1 012 031 +032+C1 011 32

1+Cq1 11
-C1 Q13 031+033+C1 011 Q33

(1+Cy a11) (1+Cy a11+C2 a21+C3 A31)
0 hi1] h[2] h[3]
1] -o11 o1z ou3
2] -op1 o2 023
3] -o31 o032 033

1+cyon1

1l+cy 011



