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1.1 Schrédinger equation

Schriodinger equation

Hye(r) = Eye(r)
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2 BR[1d(,0 1 9 9 1 &
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+ omY TV =—50 [rZ or ( ar) " Zsing 96 (SI 69) " ¥2sit 6002
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X =rsingcosg
y =rsingsing
z =rcosf
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lim r2v(r) - 0
r—oo
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Eq.(2)0 Eq.(1)OO00DOO
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“2m|r2ar ar )| 2m|r2sing 9o 00 +rzsin29 g2

+V(r)ye = Eye
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Eq.6)0 Eq.(5)00000000000D00OOOODOOOOODOO
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ooooo 2
> | 19 (Ged), L &
Vi = [sine 00 (S'ngae) * sin293¢2] (8)

goooooooooobon
~V3,Yi"(0.4) = I(1 + 1)Y,"(6, ¢) 9)
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L=Ffxp=-ii(rxV) (10)
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L? = -n?V} (11)
odo0oo0o0ooooooooOoooooOooon

L2YiM(0, ¢) = R2I(1 + 1)Y™(0, ¢) = L2Y,"™(0, ) (12)
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-l <m<+l, m=0,1,2... 1=012... (13)
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I—Z = —Ih% (14)
goooooogo 5
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goobooo R
L2YI™(6, ¢) = nmY"(6, ¢) (16)
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ug(r) = rR(r) amn
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n? d?ug(r) (1 + 1)n?
“om a2 " V(r) + Wug(r) = Eug(r) (18)
guooooooood
Ug(r)lr=0 = 0 (19)
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1.3 00000 (quantization of direction)

O00dU000oooUouooo Eq12),(16) 0000000000000 z0OOUOOOOOOOOOOO
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cos = —— (22)
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E+V-(pv)—0 (23)

P

g—\tl+(v-V)v]=—Vp—gper (24)
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p(r) = po(r) + pa(r),  p(r) = po(r) + pa(r), Vv(r) = vo(r) + va(r) = va(r) (25)

O00000000000000000O000000000 Eulerian perturbations 0 0 0 0O Eq.(25)
0 Eq.(23),(24)00000000000000O0OOOOOOO

91 g, (oov1) = 0 (26)

ot

ov
po— = ~VPL-Gore 27)

t

oooooo
00000000000000

E=r-r9 (28)

O0000000000000000 Eulerian perturbation 000000000

doo  dpo
pi-c=& (Ciﬁ‘w cs100 (29)
gooooooooOOo0O0O0O00O00g veg d
_ %
Vl_dt (30)
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2.2 Acoustic-Gravity Wave
Eq.(26),(27),(29)0 v; 0 Eq.(30) 000000000000
explwt) (31)

gooopopooooogd
p1=-V-(poé) (32)

w’poé = Vp1 + 108 (33)
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W’V (0of) = VPp1 + V- (go16) = VPpri+ =

2o (gfp1)+wp1—0
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P P1 op1 _pr . N2 ap
p1= c2 9 Pofr -2 + ng( or + 19) T & + go? or 2Pt
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O0OO00OEq(37,@E8)000pb0d00ooooon
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000000000000000 p1=RE)Y,™6,¢)000
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V2 = ing L)y 29 |- 2 (v24v2
r2or (r 6r)+ [sme o9 (S'ngae) * sin20(9¢2] rZ( rt 9"”)

00000EqQ.(39) 0

R(N)V;,Yi(6, ¢) + Yi™(0, $)VER() + ANRK)YI™(6, ¢) + X(r) = 0

0000000 RR)Y,™6,¢) 0000000000

Y6, ¢) = VZR(r) + A(r) + X(r)] Const= —C

”‘(9 ¢) Ves [R()

V2, Yi"(0.¢) + CY"(6.) = O
VZR(r) - C[a(r) + R(r)| =

cobobobooobooobooooooocoobooOoOooOoboOooobooOooon
p,00000000000000000000U0O0Eq.(36)000

p1 o< p1(6,4) o« Yi(0,4), & o< &(6,¢) < VI(0, ¢)
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3 I O0O0000 (Spherical Harmonic)

3.1 0DOooooo
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Ym0, 6) = (~1)7 4|2 4;1H PM(cos)e™,  (m> 0) (46)

Y™, ¢) = (-1)"V"™@6,4),  (M<0) (47

PI™(coss) = (1 - cog B)m/z @ P(cosd), (m=>0) (48)
-1 d |

P| (COSH) = WW (1 - C052 9) y (49)

f Y™ (0, 6)Yi™(0, $)dQ = S-S (50)

1 3 + 3 ; i
Yo'l0,9) = o Yi°(6.¢) = \/E cosd, Yi*(6,¢) = H/g singe*™

Y,02(0, ¢) = w/% (3coso-1), Y,*(0.9) = \/g (sinfcosh) €,  Y,*2(0, ¢) = w/% (sir?0) e

32 0000000000

000000000000000000000000000000000000000000000000
0000000000000 Y™, ¢)2.1Y,™(6,¢)|0RelY,™(6,¢)] 000000000

V™6, 000000000000000000000000000000000[Y,"0,¢),RelY,™(6,4)]
0000000(MO00000000000000000000)0000000



gooooo

321 000000000000 OO0O0O0OO0OO0O0OO0OO00000

1=2,m=0

1=2,m=1

1=2,m=2

322 000000000000 O0O0OO0OOOOO0

1=1,m=0 1=5,m=2




gooooo

323 000000000000 O0OO0OOO0O0OO0OOOOOOO
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3.3.1 OO

X[theta_, phi] :
yltheta_, phi_] :
z[theta_, phi_] :

Cos[phi] Sin[theta] ;
Sin[phi] Sin[theta] ;
Cosltheta];

findmaxSphericalharmonic[l_, m_] := First[
NMaximize[Abs[SphericalHarmonicY[l, m, theta, phi]] , {theta, phi}]

1
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lengthplotSphericalHarmonic[l_, m_] := ParametricPlot3D[
{Abs[ SphericalHarmonicY][l, m, theta, phi] ]*2 x[theta, phi],
Abs[ SphericalHarmonicY[l, m, theta, phi] ]*2 y[theta, phi],
Abs[ SphericalHarmonicY[l, m, theta, phi] "2 z[theta, phi],
EdgeForm(]
}

{theta, 0, Pi},
{phi, 0, 2 Pi}
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PlotPoints -> 100,

Boxed -> False,

Axes -> None,

PlotLabel -> SequenceForm['=", I, ",m=", m]

]
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plotSphericalHarmonic[l_, m_] := Block[{saidai},
saidai = findmaxSphericalharmonic[l, m];
ParametricPlot3D[
{X[theta, phi],
y[theta, phi],
z[theta, phi],
{
EdgeForm[],
GrayLevel
(Abs[SphericalHarmonicY[l, m, theta, phi]]/saidai)*2
]

12
{phi, 0, 2Pi}, {theta, 0, Pi},
Lighting -> False,
Boxed -> False,
Axes -> None,
PlotPoints -> 100,
PlotLabel -> SequenceForm['I=", I, ",m=", m]

1]
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replotSphericalHarmonic[l_, m_] := Block[{saidai},
saidai = findmaxSphericalharmonic[l, m];
ParametricPlot3D[
{X[theta, phi],
y[theta, phi],
z[theta, phi],
{
EdgeForm[],
GrayLevel
(Re[SphericalHarmonicY[l, m, theta, phi]] + saidai)/(2 saidai)
]
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{phi, 0, 2Pi}, {theta, 0, Pi},

Lighting -> False,

Boxed -> False,

PlotPoints -> 100,

Axes -> False,

PlotLabel -> SequenceForm['I=", I, ",m=", m]

1]
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