Pensieve header: Perturbative 8-calculations.

SetDirectory["C \\drorbn\\ Acaden cPensi eve\\2012-03"1;
<< betaCal culus. m

C ear [A];

$Pert ur bat i veDegr ee = 4;

BSinplify[expr_]:= Replacel
Series[Normal [expr], {Aa, O, $PerturbativeDegree}],
sd_Seri esData :» MapAt [Expand, sd, 3]

1
BCol l ect [Blw_, w_1]1 := B[
BSimplify[w],
BSi nplify([ul
1

The Knot-Theoretic Equations
R2, OC, R3 and easy R4

{R[1, 2] R [3, 4],
R[1, 2] R [3, 4] // dm[1, 3, 1] // dm[2, 4, 2],
R[1, 2] R [3, 4] // dm[1, 3, 1] // dm[4, 2, 2]
} // Col umForm

1 h{2] h[4]
1 1 1
t[1] l+%4—gC%h2+§C%h3+ECﬁh4+O[h]5 0
1 1 1
t [3] 0 -1 %7gcghhﬂcghtmcgﬁhomﬁ
(1)
(1)
{
R[1, 2] *xRi [1, 2],
R[1, 3] **x R[2, 3],
R[1, 3] #»*R[2, 3] = R[2, 3] »+R[1, 3] // Expand,
R[3, 1] »*R[3, 2] = R[3, 2] »+R[3, 1],
R[1, 2] ** R[1, 3] ** R[2, 3],
R[1, 2] **» R[1, 3] ** R[2, 3] = R[2, 3] »*R[1, 3] *x R[1, 2]
} // Col utmmForm
(1)
1 h(3]
1 1 1
t[1] 1+%+gc§h2+§c§h3+mc‘l‘h +0O[h]°
¢ cic c ¢ 1 1 c3 ct 1 1 1
t[2] 1+(Cl+?2)h+(71+ 122 z)hz (§+Zc§c2+gclc§+i)h3+(i chcz+5c§c§+a
1+%+—hch+ihscf+%h4c‘1‘”l ﬁzcl lfJZC% —h3c§+$h4c4+hc2+—h2c1cz+%h3c§c
True
1 h[2]
1 1 1 1
t[1] 1+Clzﬁ+EC%h2+§C§h3+EC‘1‘h4+O[h]5 1+%+gc§
t (2] 0 1+ (c1+ %) n (Czi+°12°2 %)ﬁ2+(2—%+%c§cz+

True
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R[3, 1] »*x R[3, 2],

R[3, 11,

R[3, 1] // da[l, 1, 2],

R[3, 1] ** R[3, 2] = (R[3, 1] // da[l, 1, 2])

}
{ 1 h{1] h[2]
h 1 1 h 1 1 1 s
(t[3] 1+°32 +gc§h2+§c§h3+—c3ﬁ4+0[ 1° 1+°32+6C§h2+240§h3+1200§h4+0[m5]
1 hi1]
[t[3} 1+%+%c§h2+§c§h3+%c3h4+0[}
1 h[1] h[2]
h 1 1 1 h 1 1 1 ’
[t[S} 1+ 82+ 2cdn?s pednde ocfnt+0[n]® 1+ %%+ 2cdn?+ —c3nd+ - cfn®+0[n]®
True}

R[1, 2, pl] **R[1, 2, p2] = R[1, 2, pl+p2] // Sinplify

True

Hard R4

{

R[1, 3] »*x R[2, 3],

R[1, 31 /7 daf[l, 1, 2],

R[1, 3] ** R[2, 3] = (R[1, 3] // da[l, 1, 2])

}
1 h([3]
h 1 1
{ t[1] 1+°1T+€c%h2+§c§h +Eclh4+0[}
2 2 3 1 1 3
t[2] l+(01+—2>f’1 (02—1+C1262+062)h2+<%1+ZC%02+g010% ﬁ)h‘g (;—Z+EC1C2+—C%C%+E
ci 1 1 c3 ct 1 1 1 c4
oIl I S S S S S O Y s
2 8 8 24 120 30 20 30 120
Cy c? ci1Cy C3 cd 1 1 c3
l+h[01+—)+f’12 2. +—2 +nd —l+—C§CZ+—C1C%+—2 +
2 2 2 6 4 6
¢t 1 4 c1 Cy c ci1Cy C3
n* —1+—C§CZ+—C%C%+—0103+ == +h(—+—]+h2 —l+ +—2 +
24 12 12 24 120 2 2 6 3 6
c§ 1 1 c3 c} 1 1 1 c4
n® | —+—cicr+—cCyC3+ — | +n* +—c3co+—c?csi+ —cici+ }
24 8 8 24 120 30 20 30 120
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VO = B[Vo[hC1, BCa], SUM[Vagi.j [BC1, ACIt[i1h[j1, {i, 2}, {j, 2}]],
R[1, 3] ** R[2, 3] »* VO,

VO *x (R[1, 3] // da[l, 1, 2]),

egnsl = Har dR4[VO]

} /7 ColumForm

Vo[hC1, hCz]

t [1] V11[O, 0} + (Cz Vll(o'l) [O, 0] +C1 V11<1'0) [O, 0]) h+ (% C% V11<0'2) [O, 0] +C1Co Vll(l'
t [2] Vo1 [0, 0] + (c2 Vo1 (@1 [0, 0] +cq1 Vo1 M9 [0, 0]) A+ (% €3 V21(®2 [0, 0] +c1c2 Vo™
Vo[0, 0] + (€2 Vo @1 [0, 0] +c1Vot9 [0, 0]) h+ (%cg V(@2 [0, 0] +cico VoD [0, 0] +§c§V0<2’

Vo [0, O] + (Cz V0<0'l) [0, 0] +c1 V()(l’o> [0, 0]) h+ (%C% Vo(o'z) [0, 0] +c1cCo Vo(l’l) [0, 0] +%C% V0<2’

h=0]] (C; =08&%Cy =0) || 60 (1+2V12[0, 0] -2V51[0, 0]) +20hcy (1+3V12[0, 0] +6V12®1 [0,
sol = Sol ve[eqnsl & & Vy;[C1, €2] =0, Via[C1, C21]

{}

V1=V0 /. {Var[C1, C2]1 »0, Vig[C1, C2]1 » 0, Vap[C1, C2]1 » 0, Vo[C1, C2] » 1} /. sol [[1]]

Part:partw : Part 1 of {} does not exist. >

ReplaceAll:zreps : {{}[1]} is neither a list of replacement rules nor a valid dispatch table, and so cannot be used for replacing. >
Part:partw : Part 1 of {} does not exist. >
ReplaceAll:reps : {{}[1]} is neither a list of replacement rules nor a valid dispatch table, and so cannot be used for replacing. >
Vo[hCy1, ACy]
t[1] V11 [0, 0] + (c2 V11 @1 [0, 0] +¢1 Vi1 M9 [0, 0]) B+ |
t [2] V1[0, O] + (c2 V21 (® 1[0, 0] +c1 Vo1 9 [0, 0]) A1+ |

'2)70, 0] +cyCp V1 b

C% V11<0
€3 Vo1 9210, 0] +cpcp Vo &

N R NP
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sol 2 = {Vll[cl, Co] »

Gy g o o, o 2] o e
—((-1+e2) (ez Cl—cez+ c1-2e2'z2cr+e® 2 crt+e2 C2—2e2+202+2ecl+°2cz))/
4 —+C C+c—2 Z2
((C1+C2)( @2 C:|_+e2 2c1+e 2 cr-e2 C2)),V12[Cl, c2] »

C2

C1+2 Cr-e2 Cz))

et +C ci+2 S <% L
(GZ C;|_-e2 201+612C2—&EZ C2)/((C1+C2) (—ez Ci+ez2 201+e

2 .o e I &
Vo1 [C1, C2] = (ez c1-2e""2c1-e2'% ¢y 422 Cl—te1 7 Cr+e@z Cz)/

S S G2 C2.

((C1+Cz) ( e2cr+e2"?cr+e2 cr-en Cz)), Vo2 [C1, C2] » 0, Vig[Ca, C1] »
e o, = G c &

(( 1+ ) (-ez Cc1+2e22ci+2e"2 Cl—ez+zcl-2e°“°201+e“2 Cr-e2 Cz))/
Y . cisl2 e

( C1 +C3) (-ez Cr+e2 " 2cr+e "2 cr-e> cz)), Vo [C2, C1] »

LI cial2 23 e 23
—(ez Ci-ez2"2ci+e "2 cyp-e2 cz)/((cl+cz) ( ez Cl+e2 201+e1 e} Cr-e2 cz))
e C2 Cl+ 2 C2 3£+Cz
Vo1 [C2, C1] » - |-@2 Cl+e2 Ci+e 202—e2 Cz+2e2 Cr-2e 2 Co
c

o o o o
((c1+cz) (—ez ci+e2' ¢ +e’" 2 cr-e2 cz)), Voo [C2, C1] —>O} /. Ci_ = ACi;

V2 = BCol lect [VO /. sol2 /. Vo[__1 -» 1]

1 h[1]
t[1] - C;h * (_ é C1C2 - %) n?+ ( 197 €1 c3 - 2863) ne + (101%56220 N 161%56250 N 1191c5122§ - %
t[2] %* (54% 74%> b+ (;2 * 012:2 * ;%) n? (5;20 Zi;éocz 615;:;(;% 23;5) P (7 11(:320 * Eigé 640 ci
Har dR4 [V2]
True

Simplify[(V2 7/ dP[2, 1]) *x©[1, 2] == R[1, 2] »» V2]
True
Simplify[(v2 7/ dP[2, 1]) *x©[1, 2] == R[2, 1] »» V2]

hcy (-h?c}+h?cica+cy (120+120hcy + 79 A% c3) +2 ¢z (300 +300 1 Cy + 163 1% c3)) = 0&&
5760 + 67 n* c} +2880nc, + 840702 c3 +180n3c3 +29n%cd+4n%c} (75+58nc¢C,y) +
12h2c§ (90 +65nCcy +24 h? c5) +4 hcy (720 +480 hey + 165 h* c5 +38 % c3) = 0&&
n*c} = 5760 +5760hcy +2 A% ¢ ¢y + 3240 B2 ¢4 + 1320 A8 ¢ + 427 A% ch +
6n”ci (20 +20hcy + 13 h% c3) +2h? ¢y ca (240 + 240 hcy + 131 1P ¢5) &&
hcy (2880 +251 h°c? +840 hcy + 180 % ¢5 +29 h’ 3 +
n®ci (840 +289hcy) +hcy (2040 + 660 hcy + 151 h? c3)) =

82 = 3[V2]
1 h[l]
1 7c3cy  cpcj 3 5 5c3h ( 1 2 llcicacy
= n _ " = _ ——faCaCs
ti] ( 768 C1C2C3+ a0 — 115, | 10 + OLA] 48 ga0 C1Cs3 2880
c3h ctc 7cicoc ctc 7cyc} ¢z C3 7c3 5cic
t (2] 3 +(7 iCs 1C2C3  C5C3 1C5  C2C3 3 )ﬁ3+0[h}5 _5¢cf
48 5760 5760 1920 11520 1920 11520 1152
Cah c?cy 17 ¢y ¢} 7c3 1lcycp ey ccg 3 5 5c1h 23c¢} 79c?cy 17 ¢,
t[3 + ( - - b= - coc3) n® +0O[n - + +
[ ] 24 5760 5760 5760 3840 1920 640 2%3 [ ] 48 11520 11520 576(

Pent agon[&2]

True



betaPerturbative-120312.nb |5

Hexagon[+1, &2]
True
Hexagon[-1, &2]

True



