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Pensieve header: Fuller output of for V and Cap. Even fuller: <a href=VCapSolution-to-12.m>VCapSolu-
tion-to-12.m</a>.

SetDirectory["~drorbn/AcademicPensieve/Projects/WKO4"] ;
<< Freelie.m;
<< AwCalculus.m;
Rs[a , b ] := Es[{(a—-»LS[0], b-» LS[LW@a]), CWS[O0]]~;
a=LsS[{x, y}, as]; B=LS[{x, y}, Bsl; ¥y =CWS[{x, vy}, ¥sl’
V=Es[{(x->a, y>B), ¥];
CWS[{x}, ks]; Cap=Es[(x > LS[0]), ]’
R4Eqn = V** (Rs[x, z] // dA[x, x, y]) Rs[y, z] **Rs[x, 2] **V ;
UnitarityEqn = (V% (V// dA[x] // dA[y]) = Es[(x - LS[0], y - LS[0]), CWS[0]]);
CapEqn = ((V*x* (Cap // dA[x, x, y]) // dc[x] // dc[y]) =

(Cap » (Cap // do[x, y]) // dec[x] // dec[y]l));
Bs[x] = 1/2; Bs[yl =0;
SeriesSolve[{a, B, Y, x}, (h'l R4Eqn) && UnitarityEqn && Caqun];
vV, x}

K

FreelLie ' implements / extends
{*, +, *x, $SeriesShowDegree, (), J, =, ad, Ad, adSeries, AllCyclicWords, AllLyndonWords,
AllWords, Arbitrator, ASeries, AW, b, BCH, BooleanSequence, BracketForm, BS, CC, Crop,
CW, CWS, CWSeries, D, Deg, DegreeScale, DerivationSeries, div, DK, DKS, EulerE, Exp,
Inverse, j, J, JA, LieDerivation, LieMorphism, LieSeries, LS, LW, LyndonFactorization,
Morphism, New, RandomCWSeries, Randomizer, RandomLieSeries, RC, SeriesSolve,

Support, t, tb, TopBracketForm, tr, UndeterminedCoefficients, I', ¢, A, O, A, —, A}.

AwCalculus’' implements / extends {*, **, =, dA, dc, deg,

dm, ds, dA, dn, do, E1, Es, hA, hm, hS, hn, ho, tA, tha, tm, tS, to, T', A}.
Arbitrarily setting {xs[x] - 0}.

Arbitrarily setting {as[x, y, yv] - 0}.

XY X XY
{Es[<xeLS[O, _EY o, co.]syoLs[—, _EY o, }> cws [0, A, ]
24 2 12 48
XX
CWS[O, 7;, 0, }}
ve{8} // Timing
Arbitrarily setting {as[x, %, %, y, y] - 0}.
Arbitrarily setting {as[x, %X, X, X, X, y, y] - 0}.
Arbitrarily setting {as[x, X, X, X, ¥, X, ¥, v] > 0}.
{41.697661,
XY TxX XKV Tx XY XY 31 XXX XXY 31 xxxX XY
Es[<xeLS[0,——y, 0, Yo yy+ yyy,O,— y+ Yy
24 5760 5760 1440 967 680 483840
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83xxXyyy 3lxXyXVy

967680 725760 645120 241920 1451520

3lx xXYy XY 13xXyyyy 101XV XYYY
+ + +

527Tx XYYy XY XYY VVY 0 127 xxxxxX XXY 127 xxXXX XYY
- +
5806080 60480 154828800 51609600

2399 xxxxXYyyy 127xxx xXXY XY 2893 xxxXYyvyvy T27TxxXYXYVYY
+ - - -
464486400 30965760 464486400 87091200

1397 xxx XYy XYy 271xxXyyyyy 15389xXYyXY XYYy 12809xXyY XYY VY
+ - + -

77414400 58060800 1393459200 1393459200

24883200 77414400 1393459200

113 x XXy X XYY 127 xx XXy XXV 13103 xx XYy XYY
+

12409 xx Xyy yXy 1207xXyVy Xyyy 1lxxXyXyXYy 19xXYYyyyvy
+ + - +
696729600 278691840 1382400 9676800

67TXYRXYXYYVYY 1327TXY XYYy VVY XXy xXYyyy 18l xXV xXY XY
- + + +

7257600 348364800 204800 38707200

2021 xX XYY XXV 239xXYy XYy XY 21711 xRXYYy YV RYVY 63l x XYY YYRY

696729600 199065600 464486400 92897280

1751 XYy XYYV VY 451 XY XYY XVY

T xXYYXYXY XYY YYYVY ]
696729600 154828800 77414400 2419200 '
< XY X XY 1 1 —— XX XXY XX XYY XY XY
y->LS[—, -=—, 0, ——— - ——x®yy + XYY Y - + -
12 5760 720 720 7680 3840 6912

XXX XXV 23 XXX XYY I13xxXYVYyy XXYVXRVY

+
645120 483840 161280 22680

41xx§?§?ﬁ_xi?yyyﬁ>§?§?V3/+71x§?y§?_>f?yyyy
580608 15120 12096 483840 30240

XXXX XXY 5XXXX XYY XXXXYYVY XXXYRXYVY 5XX XXy XYy XXRXYVY VY
- + + + - -

258048 387072 64512 96768 290304 96768

17TxRY XYY Y XXRXYVY XY XXY XRYY Tx XXY XXV X XYYV VXY
- - - +
1451520 60480 207 360 1658880 207 360

XXXXX XXV 587 xxXxXXX XYY 253 xxXxxXX XYYy DHIxxXxxXXYVRYY
- + +

77414400 464486400 66355200 1393459200

+
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541 xxx XXy XYy 43 xxxXYyyyy 12143 xxXYVYXYVYyYy 24457xxxXYYy XY
- - - +

154828800 7257600 1393459200 1393459200

M3xxXYyyyyy 1217xRXYRY XVY 1423 xXy XYy vy 199x xXy X XVy
_ + -

14515200 99532800 116121600 29030400

157xx xRy XXV 7367 xxXx XYY XVY 5939 xx XYYy VXY
+ +

4
49766400 696729600 278691840

3263 x XYy XYy Yy 271 xxXYXYXY XXYYYVVVY DOL83XVXYRXYV Y
+ - + -
696729600 30965760 403200 38707200

W'ﬂyyyy+47 xﬂxx—y'yy+4057 XXY X'ﬂTy‘+2281xxTy'y XXY

172800 6451200 696729600 464486400

SXXY XYY XY xXYyyXRyy 151xXyyyyXy XYy XYyyy

5734400 92160 14515200 172800
4589 XY XVY XYY 17513 x XYYy XYXY XYY VVYVYVY ]>
- +
696729600 1393459200 1209600 '
Yy XXX XX XYX b
cws[o,——y, , Y IEYY | EYRY | ZYYY O,
48 2880 2880 5760 2880

XXXXXY RXXXYY XXXYXY RXXYVYY XXYXXY XXYXYY

120960 120960 120960 120960 241920 120960
XXYYXY XXYYYY XYYy XYXYYY _ AYYXYY XYYYYY

120960 120960 362880 120960 241920 120 960,
KXXXXXXY KXXXXXYY KXXXXYXY KXXXXXYVYVY KXXXYRXXY RXXXYXYY
+ + + + + +

4838400 4838400 4838400 4838400 4838400 4838400
KXRXXYYRY RKXRXXYYYY KXXYRRXY KXXYRXYY KXXYRYXY KRXXYRYYVY
4838400 ' 4838400 : 9676800 " 4838400 ' 4838400 : 4838400 "
XXRYYRRY RKXXYYRYY KXXYYYXY KXXYYVYYY KXYXXYXY KRXYRXYYVY
4838400 " 4838400 : 4838400 v 4838400 " 4838400 : 4838400 "
XXYXYXYY . XXYXYYXY . XXYXYYYY . XXYYXXYY . XXYYXYXY . XXYYXYYY .
4838400 4838400 4838400 9676800 4838400 4838400
XXYYYXYY N XXYYYYXY . XXYYVYYYY . XYXYXYXY . XYXYXYYY .

4838400 4838400 4838400 19353600 4838400
XYXYYXYY N XYXYYYYY . XYYXYYYY N XYYYXYYY N XYYYYYY . } ] }
4838400 4838400 4838400 9676800 4838400

K@ {8}
XX RXXX KXXKXXX KXXXXKXXX
cws[o, - =, 0, , 0, - , 0, —
96 11520 725760 38707200

The same thing, copy-paste ready and machine readable:
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Sum[{V[1].[k], VI1Dy[k]l, VI2D[k]}, {k, 8}] // InputForm

{-IW[x, v]/24 + (7+LW[x, x, %X, y])/5760 - (7+xLW([x, x, vy, y])/5760 +
IW[(x, v, v, y]/1440 - (31xILW[x, x, X, X, X, y])/967680 +
31+xLW[x, x, X, X, Yy, y])/483840 - (31xLW[x, x, X, y, X, y])/645120 -
)/967680 - (31+xLW([(x, x, V, X, V, V])/725760 +
1) /5806080 + (13%LW[x, X, vV, V, V, V])/241920 +
1)/1451520 - LW[x, v, ¥V, Y, ¥V, y]/60480 +
127«1LW([x, x, X, X, X, X, X, y])/154828800 - (127+LW([x, %X, X, X, X, X, YV, V])/
51609600 + (127+LW[x, X, X, X, X, YV, X, y])/30965760 +
(2399+«LW([x, X, X, X, X, V, YV, V])/464486400 - (127+1LW([x, X, X, X, YV, X, X, y])/
77414400 - (1397+LW([x, X, X, X, YV, V, X, yv])/77414400 -
(2893xLW[x, %X, X, X, V, Y, V, y])/464486400 - (113*LW([x, X, X, V, X, X, ¥V, Y1)/
24883200 + (11+«LW([x, x, X, V, X, Yy, X, y])/1382400 -
(727+«IW[x, X, X, Y, X, Y, Y, Y])/87091200 + (2021+LW[x, %X, X, ¥V, ¥, X, X, y])/
696729600 + (13103*LW([x, X, X, V, Y, X, ¥V, v])/1393459200 +
(12409«1W([x, X, X, V, YV, YV, X, V])/696729600 + (271«LW[x, X, X, V, YV, YV, YV, V])/
58060800 + (181*xLW[x, x, v, X, X, V, X, y])/38707200 +
WW(ix, X, V, X, X, V, V, V]1/204800 - (15389+LW[x, X, V, X, Y, X, Y, Y])/
1393459200 - (239xLW[x, %X, vV, X, YV, ¥V, %X, v])/199065600 +
(12809«1LW([x, X, vV, X, YV, YV, ¥V, v])/1393459200 - (997+LW[x, X, YV, Y, X, Y, X, Y])/
77414400 + (1207+«1LW([x, X, YV, V, X, V, V, v])/278691840 -
(2171+LW[x, X, V, Y, Y, X, YV, YV])/464486400 - (631+LW[x, X, V, YV, YV, Vs X, V])/
92897280 - (19+xLW[x, X, V, Y, Y, Y, Y, V])/9676800 +
(67+«IW[x, V, X, V, X, V, V, V])/7257600 - (451+xLW[x, v, X, YV, Y, X, Y, YV])/
154828800 - (1327+xLW[x, vy, X, Y, YV, Y, ¥, V])/348364800 -
(1751+«LW([x, V, Y, X, Y, Y, ¥, ¥])/696729600 + LW[x, VvV, Y, YV, Y, V, YV, V]/2419200,
LW[x]/2 - LW[x, y]/12 + LW[x, x, x, y]/5760 - LW[x, x, vy, y]/720 +
Wix, v, v, y1/720 - LW[x, %, x, %X, y]/7680 + LW[x, x, %X, y, y]/3840 -
wix, x, y, x, y]/6912 - IW[x, x, X, X, X, y|/645120 +
(23%«1W([x, X, X, X, y, yv])/483840 - (41«LW[x, %X, X, y, X, y])/580608 -
(13«LW(x, %, X, v, vV, v])/161280 - LW[x, X, vV, X, vV, v]/22680 +
(71+x1LW([x, X, YV, Y, X, y])/483840 + LW[x, X, YV, YV, ¥, y1]/15120 +
WWix, v, X, ¥V, ¥V, v]/12096 - IW[x, v, YV, V¥, ¥V, v]/30240 +
wix, x, x, x, X, x, y]/258048 - (5+LW[x, x, %X, X, X, y, y])/387072 +
(5«LW([x, x, X, X, Y, X, y])/290304 + LW[x, x, X, X, V, V, y]/64512 -
(7T+*LW[x, X, X, Y, X, X, y])/1658880 + LW([x, x, X, Yy, X, Yy, y]/96768 -
LW[x, X, X, Y, ¥, X, y]/60480 - LW[x, X, X, YV, Y, V, Y]/96768 -
Wix, x, vy, X, %X, vy, v]/207360 - (17+LW[x, %X, VY, X, Y, Y, y])/1451520 +
LW(x, X, V, ¥V, ¥, X, v]/207360 + LW[x, X, X, X, X, X, X, y]/77414400 -
(587*1LW([x, x, X, X, X, X, VYV, Y])/464486400 + (541+LW([x, %X, X, X, X, Y, X, V])/
154828800 + (253*LW([x, X, X, X, X, YV, YV, Y])/66355200 -
(157+«IW[x, x, X, X, Y, X, X, y])/49766400 + (59«ILW[x, X, X, X, V, X, V, v])/
1393459200 - (24457+x1LW[x, %X, X, X, YV, ¥V, X, y])/1393459200 -
(43%«xIW([x, X, X, X, YV, V, V, V])/7257600 - (199+xLW[x, x, X, YV, X, X, Y, Y1)/
29030400 + (271*LW[x, x, X, YV, X, Yy, X, y])/30965760 -
(12143+«LW[x, x, X, V, X, V, Y, V])/1393459200 + (2281«LW[x, X, X, V, Yr X, X, V]).
464486400 + (7367+xLW([x, %X, X, Y, YV, X, V, Y])/696729600 +
(5939+LW[x, %X, X, V, ¥V, ¥V, X, v])/278691840 + (73*xLW[x, X, X, ¥V, Y, ¥, ¥, ¥1)/
14515200 + (4057*LW([(x, %X, Y, X, X, Y, X, y])/696729600 +
(47«LW([(x, X, V, X, X, YV, ¥V, vV])/6451200 - (1217«1LW[x, X, YV, X, YV, X, YV, v])/

83«LW([x, X, X, V¥, YV, Y]

y
y

(
(
(527+LW[x, X, Y, Y. X,
(L01+LW[x, ¥, X, Y, Y,
(
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99532800 + (3*LW[x, x, YV, X, Y, Y, X, y])/5734400 +
(1423+LW[(x, X, V, X, YV, Y, ¥, v¥])/116121600 - (17513*LW[x, X, YV, Y, X, Y, X, Y])/
1393459200 + (3263*LW(x, X, Y, V, X, YV, ¥V, Y¥])/696729600 -
LW(x, X, YV, ¥V, Yr X, ¥V, v1/92160 - (151+x1LW[x, X, V, YV, YV, Y, X, y])/14515200 -
LW(x, X, V¥V, VY, Yr Vs ¥, v1/403200 + (583*xLW([(x, vy, X, YV, X, Y, V, y])/38707200 -
(4589+«LW([x, VvV, X, V, Y, X, ¥V, Y¥])/696729600 - LW[x, VvV, X, V, Y, Y, ¥, y¥]/172800 -
IW(x, VY, V¥V, X, ¥, ¥V, ¥, v1/172800 + LW([x, Vv, VYV, Y, ¥V, Y, ¥V, Y]/1209600,

-CW[x, y]/48 + CW[x, x, %X, y]/2880 + CW[x, %X, y, y]/2880 + CW[x, vy, x, y]/5760 +
CW[x, vy, v, v]/2880 - CW[x, x, x, x, %X, y]/120960 - CW[x, x, X, X, y, y]/120960 -
CW[x, X, X, Yy, X, y1/120960 - CW[ X, X, Y, YV, vV]/120960 -

CWix, X, Vv, X, X, y|/241920 - CW[x, x, Yy, X, y, v]/120960 -

CW[x, X, Y, ¥V, X, y]/120960 - CW[x, %X, Vv, ¥V, ¥, y]/120960 -

CW[x, y, X, YV, X, y]/362880 - CW[x, vy, X, V¥, ¥, y]/120960 -
¥l

X, Yy Ve X, VY, /241920 CW[ Y, Ve Ve Vs, v1/120960 +

[

[

[

[

[

[

[
CW[x, x, x, X, X, X, X, }/4838400 + CW[x, x, %X, X, X, X, Yy, y]/4838400 +
CW[x, x, x, X, X, y, X, y]/4838400 + CW[x, x, X, X, X, Yy, Y, y]/4838400 +
CWix, x, x, X, Yy, X, X, y]/4838400 + CW[x, x, X, X, y, X, y, y]/4838400 +
CW[x, x, X, X, V, V, X, y]/4838400 + CW[x, x, X, X, YV, Y, Y, y]/4838400 +
CWix, x, %X, y, X, X, X, y]/9676800 + CW[x, x, X, y, X, X, y, y]/4838400 +
CW[x, x, X, Yy, X, V, X, y]/4838400 + CW[x, x, X, VYV, X, Y, Y, y]/4838400 +
CW[x, x, X, y, V, X, X, y]/4838400 + CW[x, x, X, VYV, VYV, X, Y, y]/4838400 +
CW[x, x, X, Vv, V, V, X, v]/4838400 + CW[x, %X, X, VYV, VYV, Y, Y, y]/4838400 +
CW[x, x, vy, X, X, V, X, y]/4838400 + CW[x, x, Vv, X, X, Yy, Y, y]/4838400 +
CW[x, x, vy, X, YV, X, V, v]/4838400 + CW[x, %X, Vv, X, YV, Y, X, y]/4838400 +
CW[x, x, v, X, V, V, V, vV]/4838400 + CW[x, %X, VYV, V, X, X, Y, y]/9676800 +
CW[x, x, v, YV, X, V, X, v]/4838400 + CW[x, %X, VYV, V, X, YV, Y, y]/4838400 +
CW[x, %X, vV, YV, YV, X, vV, vV]/4838400 + CW[x, %X, VYV, V, YV, Y, X, y]/4838400 +
CW[x, X, Vv, YV, YV, YV, vV, v]/4838400 + CW[x, vy, X, YV, X, Y, X, y]/19353600 +
CW[x, vy, X, YV, X, V, V, vV]/4838400 + CW[x, v, X, V, VYV, X, Y, y]/4838400 +
CW[x, v, X, YV, YV, YV, vV, v]/4838400 + CW[x, Vv, YV, X, YV, YV, Y, y]/4838400 +
CW[x, VY, YV, ¥Yr X, ¥V, Y, V]1/9676800 + CW[x, VvV, VYV, YV, Y, Y, ¥V, Y]/4838400}

Sum[x[k], {k, 8}] // InputForm
-CW[x, x]/96 + CW[x, x, x, x]/11520 - CW[x, x, x, x, x, x]/725760 +
CWwix, x, x, x, X, x, x, x]/38707200
The same thing, machine readable and to degree 11, is in the file quoted below, in the same folder:
Put[Sum[{V[1]x[k], VI1I,[k], VI2][k]}, {k, 11}], "VCapSolution-to-11.m"];
PutAppend[Sum[x[k], {k, 11}], "VCapSolution-to-11.m"]
Arbitrarily setting {as[x, X, X, X, X, X, X, ¥, y] - 0}.
Arbitrarily setting {as[x, X, X, X, X, X, YV, X, ¥, y] - 0}.
Arbitrarily setting
{as[x, x, X, X, X, X, X, X, X, YV, V] >0, as[x, X, X, X, X, X, YV, X, YV, ¥V, V] - 0}.
{TimeUsed[], MaxMemoryUsed[]}

{17123.2, 10071 646624}
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TwistEqn = (V=Rs[x, y] #* (V// do[{x, y} » {y, X}]) **
(E1[(x » Ls[-1Wwey /2], y - Ls[-LWex /2]), cws[0]] // T));
TwistEqgne@
{6}

BS[7 True, ...]

TrueQ[TwistEqn] @ {6}

BS[7 True, ...]

TrueQ[TwistEqn] @ {11}

BS[12 True, ...]

{TimeUsed[], MaxMemoryUsed[]}

{35991., 15840067 368}

The same thing, machine readable and to degree 12, is in the file quoted below, in the same folder:

Put[Sum[{V[1]x[k], VI1Iy[k]l, VI2][k]}, {k, 12}], "VCapSolution-to-12.m"];
PutAppend[Sum[x[k], {k, 12}], "VCapSolution-to-12.m"]

Arbitrarily setting

{as[x, x, X, X, X, X, X, X, YV, X, ¥V, Y] >0, as[x, X, X, X, X, X, Y, X, Y, Yy ¥, V] > 0}.

{TimeUsed[] , MaxMemoryUsed[]}

{140028., 48977267312}

TrueQ[TwistEqn] @ {12}
BS[13 True, ...]
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