19a. First downward shift operator

m- - F=tht[m[r]] « f[r, t] = Phi[h, p, r, p]
our - - f[r, t] « Philh, p, r, p] = tht[m[r]]

n - sh[3, -1, F, subnab] // compr // Simplify ;
kr3aml =% /. r > r+1/.mlr+2] - mlr]+eps// Simplify

1
ouf - - =———pPhi[3+h, -1+p, 1+r, —-1+p]
4-(L+p)
((4—h+2 p+r-4ellmt?) flr, t]- thtimrll+2i V2 t 4/Abs[ell] fl2+r, t]

((1 +eps) v eps +mr] tht[-1+eps +m[r]]+(-1+eps) A/1+eps+mr] tht[l +eps + m[r]]) -2

t tht[m[r] £ Yr, t])

m- - kr3ml /. eps » 1 /. Abs[ell] » ell // Simplify ;
kr3mlpsub = Solve[% == 0, f[r+2, t]][1]
(Flr+2, t1/. %) = (2t f®Y[r, t]+(h-2p-r-4+4Piell tr2)f[r, t])/
(AItSqrt[2Piell (1+mrD])/. (pp_qq_)"ee_: ppreeqq’ee// Simplify
o+ - {f[z +r, t] > —((i(—4 flr, t]+h f[r, t]-2p fir, t]-r f[r, t]+4ell m t f[r, t]+2 t f&U[r, t]))/

(4 NET V7 < v )
ouf - - True
This is valid for m[r] =0 and r+2<p
m- - kr3ml /. eps » -1/l Simplify ;
kr3mlmsub = Solve[% == 0, f[r +2, t]][1] // Simplify
(Flr+2, t1/. %) == =(2t f®Y[r, t1+(h-2p-r-4+4Piell t"2)f[r, t])/

(4 ItSqrt[2 Pi Abs[ell]m[r]]) // Simplify

i((-4+h-2p-r+4ellmt?) flr, t]+2t fOY[r, ]

4 2 7 t A/Abs[ell] A/m[r] }

ou - J- {f[Z +r, t] »

our- - True
Valid for m(r)=1

m-1-kr3ml /. eps »=1/.r > r0/.m[r0O] > 0/ Simplify
1
ouf « J= —

4. (1+p)
pPhi[3+h, ~1+p, 1+r0, -1+p]- tht[0]((4-h+2p+ro-4ellmt?) flro, t]-2t f®Y[ro, 1))

Valid for r=r0 between -p and p



