» Section 1

1
i~ ResAn = Solve[{A-l =d(l-m) (A+1) -2A, n= 1—}, m, A}] [[11]

d-2
mc = —;
d
d-1
mi= —;
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m2 = 5
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4= PO = S1mp11fy[6t n-nl 4 - ( (v— —x) +A (—x) ] /. ResAr]];
2t t t

{Fu'llS'impl'ify[d (1+A) L (1-m) PO -D[PO, v]2- vD[PO, x] -D[PO, t] /. ResAr]],
t

1+A 1-m

S'imp'L'i'Fy[—d (m-1) -2 /. ResAn]}

1 m-ml

outsl= {0@, O}

Figure 1

1-m 2-m
inel:= Rm = 2n -1 Am= 5
2+m

R[t_] := ((1-Am) t)ﬁ
Pos[t_] := (t+Abs[t]) /2

1-m o
nEr= h[m_] := Show[P'I.ot[ [Pos[1+ m rz]] , {r, 0, 1.5}, PlotStyle » Th'ick] ,
s[1-m

Plot[{(Pos[1+ Absl[%m] rz])":, 0}, {r, o, 1,Abs[21;_m_1] }’

Filling -» Bottom, FillingStyle » Opacity[o.ls]] , ListLi nePlot[

{{r, 0}, {r, [1+ %rzlﬁ}} /.r> 1’Abs[21;_m—1] ], T'icks->None]
s[l-m
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nitor= h[0.7]
h[1.7]

Out[10]=

Out[11]=
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REEDS [ + ]R[t]A“‘}];
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ni2i= Simplify [{

A/Am (1 +Am) /2

L (mey bl
H[m_, t_] := Parametr‘icP'Lot[ Abs[z,}_z] {2 2 ( )2 Cos[6] ’
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n(14:= Show[Table[H[0.7, t], {t, 0.1, 6.2, 0.5}], PlotRange » All, AspectRatio » 0.8]

Out[14]=

In[15]:
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» Section 4

Fast diffusion case: computation of y, (cased = 1)

27n 1-m 1+A L\\ax
In[16):= —— Integrate[ ( (7 + r ]) r,
\/A_ m 2

{r, 0, ©}, Assumptions » @ <m< 1&&y > 0&&A > 0]

FullSimplify [PowerExpand [%lm_m] ]

%/.¥y~>1
Resyl = FullSimpli fy[PowerExpand[
2-m 1 m 1
S1mp11fy[9s /+« A> 2+m] /. {Gamma[l_m] - X, Gamma[— —1+m] - Tom X}”
2y ((71+%) y)ﬂGamma[f lm}
out[16]= -
VA (1+A) Gamma[ﬁ]
~1:m ~1+m _ 1 “lem
Az (Lo (<142 v (27) = Gamma| |+ Gamma[- "] 7%
out[17]= " - o
Y
“lem “lem 1\-1/m 1 1em m 14t
ouriel= Azm (1 +A) m [—l+ — (271) " 'a Gamma[ ] " Gamma[— ]
m 1-m -1+m
1 “1 o s 5 71m+m
outf1g)= {-1+ 0o (l—m)l’; (2 -m) = <2+m>§’(’1*’) [_)
m T
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Porous medium case: computation of y, (cased = 1)

27 m-1 1+A L\\ax
In[20]:= —— Integrate[ ( (x - r ]) r,

,\/T m 2

2y
1+A

{r,@, },Assumpt‘ions-» m>1&&7>9&&A>0]
FullSimplify [PowerExpand [%m_] ]

%/.¥>1

Resy2 = FullSimpli fy[PowerExpand[

2-m 1 m 1

1—m] ->X,Gamma[-_1+m] > 1_mx}”

S'impl'ify[% /. A ] /. {Gamma[

24+m

2n(<—l+m)v)m

m
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Out[23]=
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Figure 2: Spectrum (m=0.8, Rx=18, Rv=28, d=1, Rectangle [-Rx,Rx] x [-Rv,RvV])

ni24;= OFf [NDEigenvalues::femcscd]
Off[Eigensystem: ::maxit2]
Off[Eigensystem: :chnpdef]

n27= Rx = 183 Rv = 28
W[{VE, ) /ms o0.]

outos= {VA_, o.642857}

l1-m 1+A
neol= P[X_, v_] t= (7+ (V2+AX2)] /.

m 2

2- 1y\-1/m 1 _lem 3 1 -
{A—) m,7—> (—1+—] (1—m)1'r7 (2_m)ﬁ(2+m)z_('1+;) (_) }
2+m m
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In[30]:= H[X_, V_,m_] :=
2-m

Evaluate[P[x, v]2<":-1> (mD[P[x, v]zmn fx, v], {Vv, 2}] + (1L+A) P[x, v]zm f[x, v] +

((L+A) v+AX) D[P[x, v]TeT Fx, v], v] -

vD[P[x,v]%f[x, v], X]) /. A> 2—m]
2+m

nai= {Ly, 8} = {H[X, v, 0.8], DirichletCondition[f[x, v] = 0, True]};
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niz2= NDEigenvalues([{Z£, B8}, f[x, v], {X, -Rx, Rx}, {v, -Rv, Rv}, 500];
Pl = ComplexListPlot[%, PlotRange -» All,
AspectRatio -» 1, PlotMarkers » {Automatic, Medium},
Frame » True, Axes - True, GridLines -» Automatic];
Pc = ComplexListPlot[{0+0.01, -1+0.014, -A+0.04,A-1+0.01},
PlotMarkers - "OpenMarkers", PlotStyle - Red];
Show[Pl, ListLinePlot[{{-4, -2}, {0.2, -2}, {0.2, 2}, {-4, 2}, {-4, -2}},
PlotStyle -» Black], PlotRange » {{-27, 1}, {-25, 25}}]
Show[P1l, ListLinePlot[{{-1.1, -0.2}, {0.1, -0.2}, {0.1, 0.2},
{-1.1, 0.2}, {-1.1, -0.2}}, PlotStyle » Black],
PlotRange » {{-4, 0.2}, {-2, 2}}, AspectRatio » 0.45]
Show[P1l, Pc, PlotRange -» {{-1.1, 0.1}, {-0.2, 0.2}}, AspectRatio » 0.2]
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Figure 2: Spectrum, m=0.8, d=1, Ellipse with semi-axes (Rx,Rv) = -2-(18,28)

2
Vo

In[38]:= NDE'igenvalues[{L, B}, fix, vl, {x, v} € D'isk[{G), 0}, {RX, Rv}] s 500];
Pl = ComplexListPlot[%, PlotRange -» All,
AspectRatio -» 1, PlotMarkers » {Automatic, Medium},
Frame » True, Axes - True, GridLines -» Automatic];
Pc = ComplexListPlot[{0+0.041, -1+0.014, -A+0.04, A-1+0.01},
PlotMarkers - "OpenMarkers", PlotStyle - Red];
Show[Pl, ListLinePlot[{{-4, -2}, {0.2, -2}, {0.2, 2}, {-4, 2}, {-4, -2}},
PlotStyle -» Black], PlotRange » {{-27, 1}, {-25, 25}}]
Show[P1l, ListLinePlot[{{-1.1, -0.2}, {0.1, -0.2}, {0.1, 0.2},
{-1.1, 0.2}, {-1.1, -0.2}}, PlotStyle » Black],
PlotRange » {{-4, 0.2}, {-2, 2}}, AspectRatio » 0.45]
Show[P1l, Pc, PlotRange -» {{-1.1, 0.1}, {-0.2, 0.2}}, AspectRatio - 0.2]
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Out[43]=

How much do these spectra differ ?

nia4= {Ly, B} = {H[X, v, 0.8], DirichletCondition[f[x, v] == 0, True]};
Pc = ComplexListPlot[{0+0.041, -1+0.04, -A+0.04, A-1+0.01},
PlotMarkers - "OpenMarkers", PlotStyle - Red];
P1 = Show[ComplexListPlot[NDEigenvalues[{Z£, B}, f[x, V],
{x, -Rx, Rx}, {v, -Rv, Rv}, 500], PlotRange -» All,
AspectRatio -» 1, PlotMarkers » {Automatic, Medium}, Frame -» True,
Axes -» True, GridLines » Automatic, PlotStyle - Red],
ListLinePlot[{{-4, -2}, {0.2, -2}, {0.2, 2}, {-4, 2}, {-4, -2}},

PlotStyle -» Black], PlotRange » {{-27, 1}, {-25, 25}}];

P2 = Show[ComplexL'istPlot[NDE'igenvalues[{L, B}, f[x, v],

2
{X, V} € D'isk[{e, 0}, — {RX, Rv}] , 5@0] , PlotRange - All,
T

AspectRatio » 1, PlotMarkers » {Automatic, Medium},

Frame -» True, Axes - True, GridLines - Automat‘ic] s
ListLinePlot[{{-4, -2}, {0.2, -2}, {0.2, 2}, {-4, 2}, {-4, -2}},
PlotStyle -» Black], PlotRange » {{-27, 1}, {-25, 25}}] H



10 | BCD.nb

inj471= Show[P1, P2]
Show[%, PlotRange » {{-5, 5}, {-5, 5}}, AspectRatio » 0.45]
Show[%, PlotRange -» {{-4, 0.2}, {-2, 2}}, AspectRatio » 0.45]

L B s s s s s S S S B S S S B S B

Out[47]=

Out[48]=

Out[49]=
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nis2= Take [Re[Chop [NDEigenvalues[{£, B}, f[Xx, V], {X, -Rx, Rx}, {v, -Rv, Rv}, 500]]], 10]
Take[Re[Chop[

NDE'igenva'Lues[{L, B}, f[x, v], {x, v} € D'isk[{O, 01, {Rx, Rv}] , 50@”] s 19]

ousz- {-0.0017549, -0.415162, -0.553207, -0.622438,
~0.74739, -0.922198, -1.0284, -1.0284, -1.28614, - 1.30249}

outs3= {-0.0069042, -0.427246, -0.575762, -0.773169,
-0.90112, -1.0475, -1.10284, -1.29357, -1.52965, -1.64433}



