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∫ ∫

dxdx′ ρ(x)ρ(x
′)

|x−x
′| − 2

3
e2

c
3 x + g a e2

c
4 x + ...



2S1/2
2P1/2



ΣFext = ma





Ψ

−13







P1,2 = P1 + P2 P1 P2

P1,2 = |P1 + P2|2

|Ψ|





Ψ



u = f · ei
ω
�

r0

u

Ψ
Ψ

u

r0

u

u0 ϕ

u0 + ϕ

r0 u0



r > r1 u ϕ

u = f · ei
ω
� = u0 + ϕ = u0 +R · ei

S
�

Ψ = Cste · ϕ

u0 ϕ

r0

v = ∇S
m



ρ

S ′ Σ
vμ

S ′

S ′ ρ = ρr ρr

ρ

∂ρ/∂r 	 0

ρ

ρ

Σ r0 r1 ρ = f 2



ω S

u

ρ 1
r

ρ
∂ρ/∂r 	 0

P

dt M M ′

n S ′

αi

M ′

ρM ′ = ρM + ∂ρ

∂t
dt+ ∂ρ

∂xi
αidξ

ρ

M M ′ ρM ′ = ρM

ni = αi

S ′ n

∇ρ

ni = αi = ∂ρ/∂xi√∑
i

(
∂ρ

∂x
i

)2

vn = dξ
dt = ∂ρ/∂t√∑

i

(
∂ρ

∂x
i

)2

vn

dxi = dξαi

S ′

∂ρ

∂t
+ Vi
V4

∂ρ

∂xi
+ ρ

∂

∂xi

(
Vi
V4

)
= 0

√∑
i

(
∂ρ

∂x
i

)2
vn

V iαi − vnV
4 = 0

dξ ∂ρ

∂x
i αi + ∂ρ

∂t dt = 0



vn = w.n w

w n

(v − v4w)⊥n vi − v4wi = 0
n

wi = V i

V 4

ω

V

(DνD
ν − μ)u = 0 Dν = ∂ν + i ε

c
Aν

Aν μ

u = f ei
ω
� ϕ = R ei

S
�

sμ =
ρvμ = f 2

(
∂μω − ε

c
Aμ

)
sμr = ρvμr = R2

(
∂μS − ε

c
Aμ

)

∂μω − ε

c
Aμ = ∂μS − ε

c
Aμ

ω = S + Cste

(ανDν −μ)u =
0 1

2 u ϕ u0 μ



sν sνr

sν = u+ανu = u+uu
+
α
ν
u

u
+
u

= (u+u)vν

sνr = ϕ+ανϕ = ϕ+ϕϕ
+
α
ν
ϕ

ϕ
+
ϕ

= (ϕ+ϕ)vνr

u+ανu

u+u
= ϕ+ανϕ

ϕ+ϕ

u1 u2

N

u = u1 + u2
1
2

vν = u+ανu

u+u
= (u1 + u2)+αν(u1 + u2)

(u1 + u2)+(u1 + u2)

u 	 u1

vν1 = u+ανu

u+u
	 u+

1 α
νu1

u+
1 u1

= ϕ+
1 α

νϕ1

ϕ+
1 ϕ1

u = u1 + u2 + ...

1
2

ui



L1 L2 u1 u2

G

u

x

y



v = ∇S
m

t → ∞



N

u

u

N

3N

mivi = ∇iS =
∇iSi S Si

i

∇iQ = ∇iQi

N

N



⎧⎪⎨
⎪⎩
∂S1
∂t

= E1 = 1
2m1

(∇1S)2 + V1 + V12 +Q1
∂S2
∂t

= E2 = 1
2m2

(∇2S)2 + V2 + V21 +Q2

V1 V2

V12 = V21

Q1
h

2

8π2

(
1
m1

Δ1R
R

)
E1 E2

E

(x1,x2)

∂S

∂t
= E = 1

2m1
(∇1S)2 + 1

2m2
(∇2S)2 + V1 + V2 + V12 +Q

Q = h2

8π2

(
1
m1

Δ1R

R
+ 1
m2

Δ2R

R

)

E = E1 + E2 − V12 +Q−Q1 −Q2

Q

V

E = E1 + E2 − V12 −Q12

F1(x, u) F2(y, u)
F (x, y, u) u(x, y)

(
∂F

∂x

)
y

=
(
∂F1
∂x

)
y

(
∂F

∂y

)
x

=
(
∂F2
∂y

)
x



N

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩
F1(x, u) = F11(x) + F12(u)

F2(y, u) = F22(x) + F21(u)

F (x, y, u) = F11(x) + F22(x) + F12(u)

F12(u) = F12(u)

S(x1,x2,x12, t)
Q(x1,x2,x12, t) x12 = x1 − x2

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩
S1(x1,x12, t) = S11(x1, t) + S12(x12, t)

S2(x2,x12, t) = S22(x2, t) + S21(x12, t)

S(x1,x2,x12, t) = S11(x1, t) + S22(x2, t) + S12(x12, t)
⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩
Q1(x1,x12, t) = Q11(x1, t) +Q12(x12, t)

Q2(x2,x12, t) = Q22(x2, t) +Q21(x12, t)

Q(x1,x2,x12, t) = Q11(x1, t) +Q22(x2, t) +Q12(x12, t)

E = E = E1 +E2 −V12 −Q12 = 1
2m1v

2
1 + 1

2m2v
2
2 +V1 +V2 +V12 +Q1 +Q2 +Q12

Q12 V12

x2(t) ∇1S = ∇1S1 S

S1 x1(t) L1



∂R2

∂t
+ �

m1
∇1 · (R2∇1S) + �

m2
∇2 · (R2∇2S) = 0

Ψ R = ΨΨ

∂Ψ
∂t

− �

2m1i
∇2

1Ψ − �

2m2i
∇2

2Ψ = i

�
kΨ

k x1 x2 t

∂S

∂t
= 1

2m1
(∇1S)2 + 1

2m1
(∇2S)2 + �k − �

2

2

[
1
m1

∇2
1R

R
+ 1
m2

∇2
2R

R

]

� → 0



N

k

k = V1(x1) + V2(x2) + V12(x12)

i�
∂Ψ
∂t

= �
2

2m1
∇2

1Ψ + �
2

2m2
∇2

2Ψ − [V1 + V2 + V12] Ψ

k k =
V1(x1) + V2(x2) + V12(x12) + F (x1,x2) F

μ = m1m2
m1+m2

u∗
1 = R∗

1(x∗, y∗, z∗, t) ei
S

1
1(x∗

,y
∗
,z

∗
,t)

� ∗

�

i

∂u∗
1

∂t
= − �

2

2μ

(
∂2u∗

1

∂x∗2 + ∂2u∗
1

∂y∗2 + ∂2u∗
1

∂z∗2

)
+ V (r)

L∗
1

S∗
1 = constante v∗

1 = 1
m

∇∗S∗
1



m1x1 + m2x2 = 0 L1 L2

�

i

∂Ψ∗

∂t
= − �

2

2μ

(
∂2Ψ∗

∂x∗2 + ∂2Ψ∗

∂y∗2 + ∂2Ψ∗

∂z∗2

)
+ V (r)

u∗
1 u∗

2 Ψ∗



N

V
1′ 2′ 1′′ 2′′ D

2

N



Ψ(x1, x2) = ψ1(x1)ψ2(x2)



1/r

Rαβ − 1
2gαβR = −kTαβ

Rαβ

R gαβ R = gαβRαβ

Tαβ

k = 8πG
c

4



Rαβ − 1
2gαβR = 0

u u0

ϕ

u

u



Tαβ











dxj
∂iS− e

c
Ai

= dt
∂tS− e

c
A4

1
2

4π SU(2)
IR3

2, 82.1015



Σ
M M ′ v V

n

S ′ dξ n P

S ′



P G P ′

P → G → P ′ P → G

G → P ′









Ψ = √
ρ eiS/�

∂S

∂t
+ (∇S)2

2m + V − �
2

2m
Δ√

ρ√
ρ

= 0

∂ρ

∂t
+ ∇ · (ρv) = 0

m

(
∂

∂t
+ v · ∇

)
· v = m

dv

dt = −∇V + ∇
(
�

2

2m
Δ√

ρ√
ρ

)



v = 1
m

∇S

















Ψ

Ψ





ρ

p

m∂tv
i +m∂kv

ivk = −∂iV − 1
ρ
∂k(pδik)

m∂tv
i +m∂kv

ivk = −∂iV − 1
ρ
∂kσ

ik

i, j, k =
1, 2, 3



σik = �
2

4mρ∂i∂k log(ρ)

∂kσ
ik = ∂i( �

2

2mρ∂i
Δ√

ρ√
ρ

)

σ

p = −1
3Tr(σ) = �

2

6m((∇√
ρ)2 − ρΔρ)

(pδik)
1
ρ
σik

(A, φ)

{�

i
∂
∂t

+ 1
2m(�

i
∇ − e

c
A)2 + eφ}Ψ = 0 Ψ = R eiS/�



⎧⎪⎨
⎪⎩
∂S
∂t

+ 1
2m

(
∇S − e

c
A
)2

+ eφ− �
2

2m
ΔR
R

= 0
∂P
∂t

+ div
{
P
(
∇S − e

c
A
)
/m

}
= 0 (P ≡ R2)

v = 1
m

(∇S− e
c
A)

E H

m

(
∂

∂t
+ v · ∇

)
· v = m

dv

dt = e
(

E + v

c
× H

)
+ ∇

(
�

2

2m
ΔR
R

)

∇ × v = − eH/mc

v P = R2

⎧⎪⎨
⎪⎩
[
v(x), P (x′)

]
= �

im
∇δ(x− x′)[

vi(x), vj(x′)
]

= �

i
δ(x− x′) 1

P
(∇ × v)k

H =
∫ (

m

2 vPv + PV + �
2

8m(∇P )2P−1
)

dx

[A, B] = AB − BA



∂v

∂t
= i

�
[H,v] ∂P

∂t
= i

�
[H,P ]

∇ × v = 0

∇ × v = 0
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ū

ūμū
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ä

a

p = �
2

6m((∇√
ρ)2 − ρΔρ)

Qs = �
2

8mρ((∇θ)2 + sin2 θ(∇ϕ)2)



h 0

u v

{u, v} =
∑
i

(
∂u

∂qi

∂v

∂pi
− ∂u

∂pi

∂v
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√
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U
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∫
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∫
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∫
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∫
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∫
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δξμ
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μ
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δξμ
δxν
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ψ

ξμ = ψγμψ.
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ψ
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∫
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∫
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