Pensieve Header: The w equationsin the 8-calculus.

Bistoremind of “B picture’, though it is“wheeled”. Also, in faux German, 8is3is SS, for “semi-symmetrized”.

SetDirectory["C \\drorbn\\ Acaden cPensi eve\\2012-01"1;
<< betaCal culus. m

= Capping a Strand
(R[1, 21, R[1, 2] // hn[l]l, R[1, 2] // hn[2]1} // BForm

{ W1] hi[2] ] W1] h(2] Wi }
14+eCll] ~l+eclt] ( 1)
t[1] c[1] t1] c[l]

{0 =WE"c[1]] +R[1, 21, p // hn[l]l, p // hn[2], p // dn[l]l, o // dn[2]} // BFoOrm

{ Weeltl] hp2] West]  h(2] Mec[l]]) W) Wes (] ]}
t[1] 7lc+[echm L] 71(;[@1?1J ’ tra ) | Lt

m Reversing a Strand
(R[1, 21, R[1, 21 // dS[1], R[1, 2] // dS[2], Rnv[l, 21} // BForm

{ W1] h[2] ] W] h[2] J [W[U h[2] W1] h[2] ]}
~1+eclt et (~1+et1)) et (~1+etl)) e Clll (~1+eclM)
ti) ti) - ——g L) - t) -

{(R[1, 2] //dS[2]) **xR[1, 2], (R[1, 2] //dS[1]) »*R[1, 2], Rinv[1, 2] »xR[1, 2]}
{W1], W1], W11}
{Rinv[l, 1], R[1, 1] **RIinv[1l, 1]}

(-1+ect) h[1yt (1]
{ £ W], W]
c[l]
= R3
{t1=R[1, 2] #*R[1, 3] **R[2, 3], t2 =R[2, 3] *+R[1, 3] **R[1, 2], t1=1t2} // BForm
W1] hi2] h[3] W1] hi2] h[3]
_14eC11 @S2 <fl+ec[1 ) _14eC11 @S2 <fl+ec[1 )
{ tii] c[1] c[1] ) t[1] c[1] c1] , (True)}
~1+e°(2] ~1+e°(2]
t[2] 0 S t[2] 0 S
= “Easy” R4

{t1=R[2, 3] *+dA[2, 2, 3][R[1, 2]1],
t2 =da[2, 2, 3][R[1, 2]]1 *+R[2, 3], t1=t2} // BForm

W1] h[2] h[3] W1] h[2] h[3]
{ i —1C+[e1c]'“ = <c7[11+]@”1 ) , |t 71;[@:]'“ = <c7[11+]@c{1 ) , (True >}
t[2] 0 ’10*[@26]'2] t[2] 0 ’10*[@26]'2]
= “Hard” R4
{R[1, 2] »»dd[1][R[1, 2]], dd[1][R[1, 2]1] »*R[1, 2]} // BForm
W1] h[2] ) o h[?] ) W1] h[2] h(3]
T e R e

ecll] (71+ec 1)+ 2]) ¢ [2] 0 _14eClll+ci2)

c[1]+c[2] c[l]+c[2]
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Cear[a B, v 61;
(V=Ww[c[l], c[2]]] + a[c[l], c[2]]ar[1, 1] + B[c[l], c[2]] ar [, 2] +
y[c[1l], c[2]]ar[2, 1] + &[c[1], c[2]]ar[2, 2]) // BForm

Wwlc[1], c[2]]] h[1] h[2]
t[1] afc[1], ¢[2]] B[c[l], c[2]]
t[2] ylc[1l], c[2]] &[c[l], c[2]]
{tl =Vxxdd[1][R[1, 2]], t2=R[1, 3] **R[2, 3] **V} /. c[S_] =» Cs // BForm
Wwlcy, c2]] h[1l] h(2] h(3]
(-1+€%"%) (1+cyafCy, C2]+C1 B[Cy, C2]+C2 BlCy, C2]+CF a[C1, C2] B[C1, C2]+C1 € alCy,
{ t 1] afCs, €2] BlC1, c2] (C1+C2) (1+CyalCy, Cal+Cz v[C1, C2]) (.

(-1+e°1*%2) (1l+cyiafC1, C2]+C1 ¥ [C1, C2]+C2 ¥[C1, C2]+C] B[C1, C2] ¥[C1, Cal+C2 S[C1, C2

t[2] y[C1, C2] &[C1, C2]

(c1+C2) (l+Cra[Cy, C2]+C2 ¥ [C1, C2]) (¢

eqnsl = BEquations[tl ==1t2]

{True, True, True, True,

((-1+etel2l) (1+c[1) afc[1], c[2]] +c[1] B[c[L], c[2]] +Cc[2] Bc[1], c[2]] +
c[1]%afc[1], c[2]] B[c[1], c[2]] +c[1]c[2] a[c[1], c[2]] B[c[1], c[2]] +
c[2]2B[c[1], c[2]] v[c[1], c[2]]+c[2] 6[c[1], c[2]] +
c[l)lc[2] alc[l], c[2]]&(c[1], c[2]]))/

((c[1]1+c[2]) (L+c[l]alc[l], c[2]] +c[2] v[c[1l], c[2]])
-1+t
(L+c[1] B[c[1l], c[2]] +c[2] 6[c[1], c[2]])) = L]

((-1+eMel2h) (14+c[1] afc[1], c[2]] +c[1] y[c[1], c[2]] +
c(2] y[c[1], c[2]] +c[L1)?B[c[L], c[2]] v[c[L], c[2]] +
c[2]6[c[1l], c[2]]+c[l]c[2] alc[l], c[2]]&6[c([1], c[2]] +
cl(l]c(2] y[c[1], c[2]]S[c[l], c[2]] +c[2]%y[c[1], c[2]]&([c(L], c[2]])) /

((c[ll+c[2]) (1+c[l] afcll], c[2]] +Cc[2] v[c[1], c[2]])
el (-1 +e°(2
(L+c[1] B[c[1l], c[2]]+c[2] 8[c[1], €c[2]])) = 2] True}

eqnsl /. (e: (a|B|¥|8))I[c[l], c[2]] = € /. C[S_] = Cs
{True, True, True, True,

((-1+efre2) (1+ac1+/3c1+a/30§+/3c2+écz+a/30102+a5c1c2+/3yc§))/

-l+e%
((c1+C2) (L+acyi+ycCz) (L+BC1+56C2)) ==

Ci
((-1+e°r%2) (1+acl+7(Cl+/37(C§+§(Cz+6Cz+O(6C1C2+§(60102+7(60§))/
e® (-1 +e%)
((C1+Cp) (L+aCi+yCy) (L+BCr+6Cp)) = — " True}
C2
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(sol =Solvelegnsl /. (e: (a|B|¥]|¥6))I[c[1l], c[2]] =» €, {a B, ¥ 6}]) /. C[S_] = Cs
Solve:svars : Equations may not give solutions for all "solve" variables. >

-

et el glige;  e%1*%2gc; et fBcy  e*C2 By et afct
-— 4 - + - + - +

c3 ¢} c3 c3 c3 c3 c3
er2qpBct o erCra ef1s ef172 s efrtascy erzascy a
_—  + — - - + - + - +
c? Co Co Co Co Co Cy C1+Co
ef17e2 o 9 e 25  ascy  er*2adc; 1 efrree
+ - + - + - /

C1+Co2 C1+C2 C1+C» C1 +C2 C1+Co2 Cy (C1 +C2) Cy (C1 +C2)

1 e pBcr e*pceg BcC1 e B¢y

-5+et 5 - — 4 — - + + - }}
C2 C2 Co Co Ci1+Co C1 +Co

(ysol = (sol /. {a|B|6& - 0})[[1, 1, 211 // FullSinplify) /. c[s_] = Cs

et ((—l+e°2) C1-C2) +C»

(-1+ef) cp (C1+C2)
Full Simplify[egnsl /. {_a|_B|_6 » 0, _y - ysol}]
{True, True, True, True, True, True, True}
L O

(@ = (R[1, 1, 1/2] /7 da[l, 1, 2]) #*R[1, 1, -1/2] #**R[2, 2, -1/2]) /. c[S_] = Cs //
BForm

W] h(1] h(2]
! ©1 €1 © °1 c2 €1 ©
7 [e? crrer 7 crecaoet & e [71%7'?]
t 1] -
1 (C1+C2) C1+Cp
€1 €1 C2 c2 €2 €1 €2 c2
e 2 [—l+e?‘7] e 2 |Ci-e2 cl+e7<7 Co-e2 Co
t[2]

C1+C2 C2 (C1+C2)

(@ // DeWheel // FullSinplify) /. Log[Exp[Xx_]] =» X /. c[Ss_] = Ccs // BForm

W1] hil] h[2]
! ¢ c1+°2 ©1 % C1+Cz
e 2cCy|-e2citez 2 Cp+Ca-e2 Cp e 2 [—1+e2 2 | ¢y
t[1] . .
2 [—lwe? C1 (C1+C2) 2 [—l+e7 (C1+Ca)
°1 € C2 ©2 c2 € C2 c2
e 2 [—l+ez+z c2 e 2cCy|-Cite2 Ci-e2 2 Cy+e2 Cp
t [2] S S - .
2 [,1+ET (c1+Ca) 2 |-1l+e2 [z (C1+C2)

{(® /7 dP[1~>2, 2-51]) = ®, (© // dS[1] // dS[2]) = ®}

{True, True}
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tl=e »x (R[1, 2] // dd[1]),
t2 = (R[1, 2] // dd[1]) *xe,

} /. c[s_] = cs // BForm // Col umForm
W) h[1] h[2] h([3]
a S % a 2 % % %2
e 2 |-e2 Ci1+e2 2 C1+Cz-e2 C3 e 2 [—1+e2 2] [—1+e2 2 lve?2 2]
t[1]
Cy (C1+Cp) C1+Cp C1+Cp
La a2 2 2 a2 2 % A%
e 2 [—l+eZ 2] e 2 |[Ci1-e2 Ci+e2 2 Cy-e2 Cp [—1+e2 2] l+e?2 2]
t[2]
C1+Cp Cz (C1+C2) C1+Cp
W] h[1] h[2] h([3]
a S a2 el 2 a2
e 2 |[-e2 Ci+e2 2 C1+Cz2-e2 C3 e 2 [71+ez 2] oo
-1 1%C2
t [1] +e
Cy1 (Cgp+C2) C1+Cp C1+Co
La bt W1 2 2 a2 2
e 2 [714(@2 2] e 2 |Ci-e2 Ci+e2 2 Cr-e2 Cp o e
-1 1%C2
t [2] +@e
C1+Cp Cz (C1+C2) C1+Cp
(True)

{
tl=0 »x (R[2, 1] // dd[1]),
t2 = (R[2, 1] // dd[1]) %= e,
tl1=1t2 // Slr‘rpllfy

} /. ¢[s_] =» ¢cs // BForm // Col utmmForm
W1] hi1] hi2]
e ?1 ﬂg?l cl+e71*72 c1+cz—e71 c2 e772 [—1+e71‘?2]
t[1]
C1 (C1+C2) C1+C2
e’?1 [—l+e71+72J e’Tz [Cl’ef cue%‘?2 027672 Cc2
t[2]
Cc1+C2 C2 (C1+C2)
t [3] e2 (-1+e%3) ez (-1+e3)
C3 C3
W1] hi1] hi2]
e’?l 79?1c1+e?1+?2 c1+c2—e71 ca eif [—1+e?1‘?2]
t[1]
C1 (C1+C2) C1+C2
i [—l+e71+72] ez [Cl"e?z t:1+e?14?2 027672 [
t[2]
C1+C2 C2 (C1+C2)
t [3] e (-1re%) ez (-1+e%)
C3 C3
(True)
(e // dn[l]1, e // dn[2]} // BForm
{(W1]), (WM1])3
Limt[e /. {(W[_] » 0, c[s_] =» e€c[s]}, € » 0]
1

— (h[2]t[1] +h[1] t [2])

2
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= The Twist Equation

{
(V 77 dP[2, 1]) %= e,
R[1, 2] **xV
} /. c[s_] » cs // BForm
Ww([cz, €1]]
e S 1 %2 S S a2 S S
e 2 |-e2 Ci+e2 2 C1+Cp-€2 Cy-€2 C1Cpa[Cp,C1]+€2 2 C1Cpa[Cp, C1]+C3 a[C, C1]-e2 CSa[Ca C1]-€2 CF Y [Co,(
{ t[1]
! €1 2 c1+°2 C1+"2
e 2 [-l+e2 2 -Cra[Cp,C1]+e2 2 Cpa[Cp,Ci1]+e2 2 C1f3[C2, C1]H
t[2]
Wwlcy, €2]] h[l] h(2]
t[1] e (e®1 ¢y a[C1, Cp]-Co¥[C1, C2]+€% Co ¥[C1,C2]) -1+e®1+e®tCy B[Cy, C2]-C2 5[C1, Co]+e% Cp 5[Cy, C2]
C1 C1 }
t[2] et y[c1, C2] 5[c1, C2]

(eqns2 = BEquations[(V // dP[2, 1]) **® == R[1, 2] *«V] // FullSinplify) /. c[s_] = cCs

{ 1

C1 (C1+C2) (L+caafCz, C1] +C1¥[C2 C1])

o a o L ericn)
e 2 (ez ((7l+ez)clfc2)+c2+c1 ez 12

Cy +Cz) 6[C2, C1] +

c

1 N ¢,
c1ylca ca) [[-1vex @) cFplea ca] ver (ervca) (-Leer (Lecidlea 1))

Cy a[C2, C1] (Cz (1+c168[Ca, C1]) +971 (7C17C2+e?2C1 (1+c16][Cap, Cl})))) ==

CiafC1, C2]l +e (-1+e®) cpylCy, C2]

C1
€1

1
e 2 (B[Cz. C1] (Cl C2y[Ca C1] +ez (F7CF (c1+c2+ciyley, Cl])) +

1
(71+e5(°“°2)) (1+cCq16[Cz C1]) +

C2 a[Car C1] (—1—clé[cZ, C1] +er %) (14 (cq+cp) BlCar C1] +C15[Can cm)))/

((C1+C2) (1+caalCa, C1] +C1Y¥[C2, C1])) = e y[C1, C2],

¢, 1 1
et ((_1+e5<°1+cz>) (1+c160Co C1]) + (—he?““m) CoalCa 1] (1+C16[Ca C1]) +

v[C2, Ci1] (01 C2 B[C2, C1] rex e (c3Blca, c1] + (c1+C2) (L+cib[cCy, Cl])))))/

et cyB[C1, C2] + (-1+e®) (1+cz6[C1, C2])

((ci+C2) (L+ca2pB[C2, C1] +C18[C2, C1])) =

Ci
1

Cz2 (C1+C2) (L+cppB[Ca C1] +C16[Ca C1])

ez (Cz BlC2, C1]

2

C2 S I ciec
ez (—l+<e2) (C1+C2)+(—l+<ez(1+ 2) C%‘{[Cz, ci]| +

(C]_—e?2 (C1+C2—e?1C2)) (1+01§[Cg, Cl]) +
1
C2 a[C2r C1] (cl (1+cy6[Ca C1]) +ez 7% ¢y (14 (cy+Cq) BlC2 C1] +C1 6(Ca cm))

slcy, €21, wicy, €2) =wlCa C1]}
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= Unitarity
(V% (V /7 dS[1] // dS[2]1)) // Short
W (1-c[1l]a[-c[1], -c[2]]-c[1]c[2] B[-c[1], -c[2]] v[-Cc[1], -c[2]] -
c[2] 6[-c[1], -c[2]] +c[1l]c[2] a[-C[1], -c[2]]&6[-Cc[1], -c[2]])
w[-c[1], -c[2]]w[Cc[1], €[2]]] + <<1> +h[1] (- <«<1l>» - «<1>)
(V*x (V // dA[1] // dA[2])) /. c[s_] = cs // BForm

(W (L+cialcs, €2l -c1C2B[C1, C2] ¥[C1, C2] +C26[C1, C2] +C1Caa[Ca, C2] 5[C1, C2]) w[C1, C2]2]

(eqns3 = BEquati ons[Vx (V // dA[1] // dA[2]) == W[1]]) /. C[S_] = Csg

{(1+C1 afC1, C2] -C1CzB[C1, C2] ¥[C1, C2] +C28([C1, C2] +C1Coa[C1, C2] 6[C1, C2]) w[C1, C2]? =
1}
= Non-degeneracy
(egns4 = Join|
BEquations[(V // dn[l]) = W1]1,
BEquations[(V // dn[2]) = W1]]
1) /. c[s_] = Cs

{610, c2] =0, w[0, c2] =1, a[C1, O] =0, wlcy, 0] =1}

= Cap equation
{Cap = W[x[C[1]1],
Cap // dd[1],
V% (Cap // dd[1]),
(V% (Cap // dd[11)) // hn[l] // hn[2],
Cap + (Cap // dP[2])
} /. c[s_] =» cs // BForm

[(Wixer]7), (Wixfer+c2]] ), t

w
)
]
(Wix[er + €] wler, €211 ), (Wixlea] x[c2]]) ]

(eqns5 = BEquati ons [
((Vx=% (Cap // dd[1])) // hn[l] // hn[2]) = (Cap+ (Cap // dP[2]))]) /. cC[S_] = Cs

{k[C1+C2] w[C1, C2] =x[C1] x[C2]}

m 120 Degrees Rotational Symmetry
(eqns6 = BEquati ons[V == Rot 120[V]]) /. C[S_] = Cs

{alc1, c2] = - ((L+caafCz -C1-C2] ~C1¥[C2 -C1-C2] ~C2¥[C2 -C1-C2]) &[C2, -C1-Ca]) /
(-1-caafca, -C1-C2] +C1¥[Ca -C1-C2] -C5B[Ca -C1-C2]¥[C2, -C1-Ca]+

C16[C2, -C1-C2] +C26[C2, -C1-C2] +C1C2a[C2, -C1-C2] &6[C2, -C1-C2] +
cialCz, -C1-C2] 6[C2 -C1-C2] -c]y[C2, -C1-C2] 6[C2, -C1-C2]-
C1C2¥[C2, -C1-C2] 6[C2, -C1-C2]), v[C1, C2] =

- (Blca2, -c1-C2] +CaalCy, -C1-Ca] B[C2, -C1-Ca] -C1B[C2, -C1-C2] ¥[C2, -C1-C2]+
c5B[Cz, -C1-C2]%¥[Cp, -C1-C2] -6[C2 -C1-C2] ~Coa[Cp, -C1-C2] 6[Cp, ~Cy-C2] -
C2B[C2, -C1-C2] 6[Cz -C1-Cz] -Cia[C2, -C1-C2] B[C2 -C1-C2] 6[Ca -C1-Ca] -
C1C2 B[C2, -C1-C2] ¥[C2, -C1-C2] &[C2, -C1-C2] -
c3 B[C2, -C1-C2] ¥[C2 -C1-C2] 6[Ca, -C1-C2] +C16[Ca, -C1-C2]%+C25[Cz, -C1-C2)?+
C1Cpa[Cp, -C1-Cp] 6[Cp, ~C1-C2]?2+C3alCp, -C1-C2] 6[C -C1-C2]2) )/
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((L+ca2BlCa -C1-C2] -C16[C2, —C1-C2] ~C26[Ca, ~C1-C2])
(L+caafcz, -c1-C2] -C1¥[C2 -C1-C2] +
c3 BlCa, -C1-C2] ¥[C2, ~C1-C2] -C16[Ca, ~C1-Cz] ~C26[Ca ~C1-Ca] -
C1Cpa[Cp, -C1-Cp] 6[Cp, ~C1-C2] ~C3a[Cp, -C1-C2] §[Cz -C1-Ca] +
cf¥[C2, -C1-C2] 6[C2, -C1-C2] +C1C2¥[Ca, -C1-C2] 6[C2, -C1-Ca])
BlC1, 2] = - ((L+czrafCz, -C1-C2] -C1¥[Cz, -C1-C2] -C2Y¥[Cz, -C1-C2]) (-
C2B[C2, -C1-C2] ¥[C2, -C1-C2] +5[C2, -C1-C2] +C2a[C2, -C1-C2] S
(-1-caafCa -C1-Ca] +C1v[C2, -C1-C2] -C5B[Ca, -C1-Ca] ¥[C2, —C1-C2
C16[C2, -C1-C2] +C26[C2, -C1-C2] +
C1Cpa[Cp, -C1-Cp] 6[Cp, ~C1-C2] +C3a[Cp, ~C1-C2] 6[C -C1-Ca] -
cf¥[Ca, -C1-C2] 6[C2, -C1-C2] ~C1C2¥[Ca, -C1-C2] 5[C2, -C1-Ca]),
5[c1, C2] = (a[C2 -C1-C2] +Caa[Cz -C1-C2]°-B[C2, -C1-Ca] -
C2 a[C2, -C1-C2] B[C2, -C1-C2] -¥[C2, -C1-C2] -Cygx[Cz, -C1-C2] ¥[C2, -C1-C2] -
C2oa[Cz, -C1-C2] ¥[C2, ~C1-C2] +3C1B[Cz, -C1-C2] ¥[C2, -C1-C2]+
2cicpalCz, -C1-C2] B[Cz, -C1-C2] ¥[C2, -C1-C2] +
c3afCz, -C1-Cz] B[Ca -C1-C2) ¥[C2, ~C1-Cp] +C1CpB[Ca, ~C1-Ca)?y([Ca, ~C1-Cp] -
c3 B[C2, -C1-C2]%y[C2, -C1-C2] +C1Cla[Ca, ~C1-C2] B[C2 -C1-C2]%y[C2, —C1-Ca] -
2cipBCcp, ~C1-Ca]l ¥[Ca, ~C1-C2]2-3C1CaB[Co ~C1-Cp] ¥[C2 ~C1-Cp]%-
€5 B[Ca ~C1-C2] ¥[C2 -C1-C2]?-cfcCaB[Ca, ~C1-C2]?y[Ca -C1-C2]?
c1¢5B[c2, -C1-C2]%y[C2, -C1-C2]%+6[Ca -C1-C2] ~2C1a[Cy, ~C1-Ca2] 6[Cy -C1-C2] -
2cicaafcy, -C1-C2]%6[Ca -C1-C2] -ChaC2, -C1-C2]%6[Ca, —C1-Ca] +
C2 B[C2, -C1-C2] 6[C2, -C1-C2] -~C1Cza[C2, -C1-C2] B[C2, -C1-C2] 6[C2, -C1-C2] +
cjafCz, -C1-Cp] B[Cp, -C1-C2] 6[Cz -C1-Ca] -
c1c5alcz, -C1-C2]%B[C2, -C1-C2] 6[C2 -C1-C2] +C1v¥[C2, -C1-C2] §[Ca, —C1-C2] +
C2¥[C2, ~C1-C2] &[Ca, ~C1-Cz] +2Ca[Ca -C1-C2] ¥[C2, ~C1-C2] 6[Cz, ~C1-C2] +
3ci1CrafCy, -C1-C2] ¥[C2 -C1-C2] &[Cp -C1-C2] +
c5afCz, -C1-C2] ¥[C2, ~C1-C2] &6[Cz, -C1-Ca] -
c? BlCa, -C1-C2] ¥[C2, -C1-C2] 6[Ca -C1-C2] +
] ]
] ]

B
¥[C2, -C1-C2] -
C2, -C1-C2])) /

+

[
]

]2

c3 BlC2, -C1-C2] ¥[C2, -C1-C2] 6[Ca, -C1-Ca] +
¢ B[C2, -C1-C2] ¥[C2, -C1-C2]?6[Ca, —C1-C2] +
2cicy BlCz, -C1-C2] ¥[C2, -C1-C2]26[Ca, -C1-C2] +
cicdBlca -C1-C2] ¥[C2, ~C1-C2]?5[C2, ~C1-C2] -C15[Ca, -C1-Cp)% -
c26[C2, -C1-C2]%+ciafC, -C1-C2] 6[Cz, -C1-C2])°-
c5afCz, -C1-C2] 6[C2, -C1-C2]%+CfCora[Ca, ~C1-C2]%5[Ca, —-C1-C2]%+
cic3alcy, -C1-C2126[Cp -C1-C2l?2-cfafcy, —C1-Ca) ¥[C2 -C1-Cp] &[C2 -C1-Cp]%-
2cicoafCy ~C1-Ca] ¥[C2, ~C1-Cp] 6[Ca -C1-C2]?
C1C3a[Ca -C1-C2] ¥[C2, -C1-C2] 6[C2, -C1-C2]?%)/
((L+c2BCa -C1-C2] -C16[Ca -C1-C2] ~C26[C2, -C1-C2])
(L+caalcz, -c1-cC2] -C1y[C2, -C1-Ca] +
C3B[Cz, ~C1-C2] ¥[C2, ~C1-C2] ~C18[Ca -C1-Cp] ~C28[Ca, ~C1-C2] -
Cq1 CZO([CZ, —C1—C2] 5[02, —C]_—Cg} —C%O{[Cz, —C]_—Cg} 5[C2, —C1—C2] +
cf¥[Ca, -C1-C2] 6[C2, -C1-C2] +C1C2¥[C2, ~C1-C2] 6[C2, -C1-C2])),
wl[C1, C2] = - ((-1-c2a[Ca -C1-C2] +C1¥[C2, -C1-C2] -C5B[Ca -C1-C2] ¥[C2, -C1-C2]+
C16[C2, -C1-C2] +C26([C2, -C1 -C2] +C1C2x[C2, -C1-C2] 6[C2, -C1-C2] +
c3a[Ca -C1-C2) 6[Ca, -C1-C2] -Cfy[Ca, -C1-C2] 6[Ca -C1-Ca] -
C1C2v[C2, -C1-C2] 6[Ca -C1-C2]) w[C2 -C1-C2])/
(L+cz2afCz, -C1-C2] -Cy1¥[C2, -C1-C2] -C2Y[C2, *lecz])}

m Solving the Equations

Series[f[tx, Tyl, {t, 0, 3}1 /. f0—)[___ 1 = fromagitsiiy
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1
f [0, 0] + (yf1+xf10) T+ — (y2f2+2xyf11+x2f20) 2 4
2

1
— (y3fa+3xy?f1p+3x%yfa +x3fa) 2+ 0[r])*
6

eqns = Joi n[egnsl, eqgns2, eqns3, eqns4, eqnsb5, eqns6];

n=0;
Sinplify[Normal |
Series|[
egqns /. c[s_] = tc[s],
{z, 0, n}

17 {(e: (a|B|y|8|w|x))[___] = eo,
(e: (@|B|¥|8|w|x)*—[___1 = eromigitsiik1}
11 7
cl
S_]1 »
Cs

{True, True, True, True, True, True, True, g = &o,

1
—+Bo =0, L+2 80 =20, ag = S0, True, wg =1, 69 =0, wo =1, ap == 0,
2

wo = 1, Ko wo = K&, 0o = S0, Bo + Yo = S0, Bo + Yo = S0, %o = Bo + Yo, TT ue}

n=0;
sol = Sol veAl ways |
Expand [Nor mal [
Series[
eqns /. c[s_] = tc[s],
{z, 0, n}
17 {(e:(a|B|¥|8|w|x))[___] = eo,
(e: (a|B|¥[8]w|x)*—"[__1 > eromigitsiik}
11
{c[ll, c[2], t}

]

{{aoeo, /30%—‘1;, Yoﬁz, 60~ 0, x9 -0, wo—>1},
{0(0%0, Boe—j‘z, Yoe;, 60 -0, xo0 > 1, woel}}

I f [Length[sol ] = 2,

{Conpl erment [sol [[1]], sol [[2]]1], Conplenent [sol [[2]], sol [[1]]11}]1 // Col utmForm
{x0 - 0}
{ko -1}

—k

indvars = Uni on[Cases[Last /e #, € > ek, Infini ty” & /@ sol

(B



sol0 = ((#->0) & /@ First [i ndvars]);
sol 0 = Union[sol 0, First[sol] /. solO0]

{OtoaO, Boa—i, 7/095, &0 » 0, x9 = 0, woel}
4 4
(Nor mal |
Series[
V /. (W[_] » 0, c[s_] =» tc[s]},
{z, 0, n}
1 /.

{(e: (@|B|¥|6|w)[___]1 > e, (e: (a]|B|¥]|6]|w))*—

] /. soIO) /. c[s_] = cs // BForm
0 h{l] hJ
t[1]

(Nor mal |
Series[
w[c[1l], c[2]]1 /. WM_]1 » O, c[s_] =» tc[s]},
{z, 0, n}
1 /.

{(e: (@|B|¥|6|w)[___]1 > e, (e: (a]|B|¥]|6]|w))*—

] /. soIO) /. c[s_] =» ¢cs // BForm
(1)

betaEquations.nb |9

_1 = €romi gits [{k)]}

_1 = €romi gits [{k)]}



