11g. Eigenfunction equations, non-abelian eigenfunction module
n- - Clear[f, tht, ell, eps, dtt, m, j, nu]
F = tht[m[r]] « f[r, t] = Phi[h, p, r, p]
ouf - - flr, t]1 « Phifh, p, r, p] = tht[m[r]]
The sign off ellis denoted by eps. We use ddt like in 10a.
Computation of eigenfunction equations. This takes very long; that is why we put the result in a rou-

tine, in 11h.

n - - efeq = {eR[CasZ, F, subnab]-1d2[j, nu] F, eR[Dt3Z, F, subnab]-1d3[j, nu] F} // Simplify
jZ

ouf + J- {—[[—4+ — +nu2] fir, t]~ Phifh, p, r, p]~ tht[mr]|+
3

4 5t t? Abs[el1] f[r, t] (-1 +eps - 2 m[r]) Phi[h, p, r, p]~ thtm[r]l-i v/2 m t ~/Abs[ell] f[r, t]
('\/m[r] (L+eps)~(2+p-r)Philh, p, -2+r, pl-(-1+eps)«(2+p+r)Phifh, p, 2+r, pl)
tht[-1+m[r]]+ 4/1+m[r] (-1+eps)=(2+p-r)Philh, p, -=2+r, p]-
1
(L+eps)«(2+p+r)Philh, p, 2+, p]) tht[l+m[r]])+ — Phi[h, p, r, p] = tht[m[r]]
12

(h*+9r’*-24ellnrt’-48ellnt’(l+ellmt’)-6h(r+4ell mt?)fr, t]+
12 £ (-3 @Y, €1+t f©2[r, 1),

1
—((3+j) (-— (-6+3)2 +nu?| f[r, t]~ Phifh, p, r, p tht[m[r]])+
9

2m(6+h+3r)t?Abs[ell] f[r, t](-1+eps-2m[r]) Phifh, p, r, p]« tht[m[r] +
1

- [f t 4/Abs[ell]

2 2

(f[r,t](m((l+eps) (2+p-r)(h-3r+12ell wt*)Philh, p, -2+ r, p]+
(-l+eps) (2+p+r)(-h+3 - (8+r-4ellmt?)Philh, p, 2+ r, pl) tht[-1+m[r]] +
AJiemir] (-1+eps) - (2+p-r)(h-3r+12ellmt?)Philh, p, -2+r, p+
(L+eps)«(2+p+r)(-h+3 (8+r—4e11nt2))Ph'i[h,p,2+r,p])tht[l+m[r]])—
6t(m((1+eps) (2+p-r)Philh, p, -2+r, pl+(-1+eps)«(2+p+r)Philh, p, 2+r, p])
tht[-1+m[r]]+ A/1+m[r] (-1+eps)«(2+p-r)Philh, p, -2+r, p]+
(1+eps) < (2+p+r)Phith, p, 2+ r, p) tht[l+m(r]) fOI[r, t])-

1
— Phith, p, r, pl- thtmr((h*-9h*(2+r-8ellmt’)-27(r*+r’(6-8ell mt?)+
72

16ellmt’(-2+2p+p°-2ellmt?)+16r(-1-2ellmt’+ell’ n* t*))+
9h(3r*-4r(-3+4ellmt’)+16 - (-1+4ellmt’+ell® n’ t%)) flr, t]-

36 (6+h-3r)t(-3fOUr, t]+t fO2r, t]))}

Separate treatment for different values of Sign[ell]



m- - efeqp = efeq /. eps » 1 // Simplify ;
efeqm = efeq /. eps » -1 // Simplify;

Bringing all terms with the same value of r together

n - - efqp = ({efeqpl1] // compr , efeqpl2] // compr}) [/ (tht[m[r]] < Philh, p, r, p])/.
{m[r +2] > m[r]+1, m[r-2] > m[r]-1}/ Simplify
efgm = ({efeqml1] // compr , efeqml2] // compr}) [ (tht[m[r]] « Philh, p, r, p])/.
{m[r +2] - m[r]-1, m[r-2] > m[r]+1}// Simplify
1
out+ J- {— flr, t](48+h>-43j>-12nu>+9r’-48ell mt>-
12
24ellnrt’-48ell’> n*t*-6h(r+4ell mwt?)-96 m t? Abs[ell]m[r]) +
t(2i V2 /Abs[ell] ((p+r) fl-2+r, t] A/mIr] +(-p+r) fl2+ 1, t] /1+mr])-
3 F@ N, t]+t FO2r, t]),
1

-— (h*+723%-83%+72jnu’-9h*(2+r-8ellmt?)-27 - (-8nu’+r’+r*(6-8ell mt’)+
72

16 - (2+ell(-2+2p+pY)mt?-2ell? n® tH)+16r(-1-2ell mt’>+ell® n” t%))+
9h(3r°-4r(-3+4ellmt’)+16(-1+4ell mt’+ell”® n? t*)) fIr, tl-

t 4/Abs[ell]

((P+r(h-3-(6+r-4ellmnt?)fl-2+r, t]ymir] +(p-r)(-h+3 - (2+r-4ellmt?)
fl2+r, thy/1emir] +6t((p+r) Amir] FOU=2+r, t1+(p-r) Y1+mir] FOU24r, 1))+

4m(@6+h+3r)t? Abs[ell] f[r, t]«m[r]-i

NS

1 (0,1) (0,2)
> 6+h-3r)t(-3fOr, t]+t f® [r,t])}

outf » J=

1
{— flr, t]1(48+h*-43°-12nu”+9r°-48ell mt’-
12
24ellnrt’-48ell’> n? t*-6h(r+4ell mt?)-96 mt* Abs[ell] (1 +m[r])) +
t(Zi A2 1 4/Abs[ell] ((p—r) fl2+r, t]ymr] —(p+r) fl-2+r, t] «/l+m[r])—

300, 1+t £r, 1),

1

-— (h*+723°-83%+72jnu*-9h* (2+r-8ellmt?)-27(-8nu”+r’+r’(6-8ell mt?)+
72

16 - (2+ell(-2+2p+p’)mt’-2ell? m® tY)+16r(-1-2ellmt>+ell’ n* t*)+
9h(3r’-4r(-3+4ellmt’)+16 - (-1+4ellmt’+ell® n’ t)) fir, tI-

47w (6+h+3r)t?Abs[ell] flr, t] (1 +m[r])+i [Z t 4/Abs[ell]
2

((p—r)(—h+3 (2+r-4ellmt?)fl2+r, t] A/mir] +(p+r)(h-3 - (6+r-4ell mt?)
fl-24r, t] Vlamir] +6t((p+r) V1emir] FOV-241r, t]+(p-r) y/mir] FOU24+ 1, t]))+

1
- 6+h-3r) t(-3FfOUr, t]+t fOr, t])}

Simplification of the second component.



- - Coefficient[efqp, f?[r, t]] // Simplify
Coefficient [efaqm, f*I[r, t]] // Simplify

out « ]= {tz )
2
outf « J= {t ,

m--eiap = 2 efqpl2] - (6 + h-3 r)efqpl1] // Simplify ;
eiam = 2 efqm[2] - (6 + h-3 r) efqm[1] // Simplify ;

(6+h-3 r)tz}

(6+h-3 r)tz}

NlR N|R

n- - eqp = {efgplll, eiap}
eqm = {efgm[1], eiam}
1

out - {— flr, t]1(48+h*-43°-12nu”+9r°-48ell mt’-
12

24ellnrt’-48ell’> n*t*-6h(r+4ell mt?)-96 m t? Abs[ell]m[r]) +
t(2ﬂ' A2 7w /Abs[ell] ((p+ Py fl=2+r, t] A/lmr] +(=p+r) fl2+r, t] '\/1+m[r])—
3709, 1+t FO2r, ),

h3 233
flr, t]|-— +
9

=2

J
-2jnu*+h’r-j%2r-3nu®r+3 r3+h[—+nu2—3r2]+24ellpnt2+
3

12ellp’nmt?-24ellmrt’®-12ellmwr?t?-48 mr t? Abs[ell] m[r]] -

3i 2 t A/Abs[ell] ((p+r)(-2+h-3r+4ellmt?) fl-2+r, t] A/mr] -
(p-r(@2+h-3r+4ellmt?)fl2+r, t] J1+mr] +
2t ((p+r) Amir] fON=24 1, t+(p-r) V1+mlr] f<°’1)[2+r,t]))}

1
out -+ - {— flr, t]1(48+h*-43°-12nu”+9r°-48ell mt’-
12

24ellnmrt’-48ell> mt*-6h(r+4ell mt?)-96 mt* Abs[ell] (1 +m[r])+

t(2i V2 Abs[ell] ((p-r) fl2+r, t] y/mir] = (p+1r) fl-2+r, t] \/1+mir])-
1
3709, t1+ £ £, 1), - fIr, t]
9

(h*-23°+18jnu*-9h’r+93%r+27nu’r-27r’-3h(j*+3nu*-9r?)-216ellpnt’-
108 ellp’ mt’+216 ellmr t?+108 ell mwr? t* +432 wr t° Abs[ell] (1 + m[r])) -
3i\/ﬁt\/m((p-r)(2+h-3r+4ellrrt2)f[2+r,t]\/W+
(p+r)(2—h+3r—4e11rrt2)f[—2+r,t]JTnﬂr]—
2t ((p+r) VL1emir] fOU=24 1, t+(p-r) ymir] FOU24r, t]))}

Comparison with routine efeqn in 12f. (That routine was taken from a previous version; so this is a
check of the result.)



m- - Clear[h, p, ry, f, ell]
efeqnfh, p, r, f, ell, mlr], 1] == eqp // Simplify
efeqnth, p, r, f, ell, m[r], -1] == eqm // Simplify

ouf - - True

ouf - - True



