1

_____________________________________________________ R^3 and

_____________________________________________________

____________ 1

^

^

"attractive" r ,ϕ),

D dt δdt

amount σ dU_t σ dV_t U_t and V_t σ^2 ^ dr_t = ( 2r_t σ^2 )dt dU_t (1)

dϕ_t = r_t σ dV_t

r_t

2 σ^2

dr^2 d^2 + ( 2r σ^2 ) dr d

a D,0)

(D − a + 2δ σ^2 log D⁄a )⁄δ (2)

s(x) = a ∫^x_z^1 exp{z_{σ 2}^{2δ} }dz (3) and m′(x) = x σ^2

2 exp{− x

σ^2 2δ }

x > Ei D − a )⁄δ

m′(x)

0 ∫^T_{σ 2}^1 ( )dr_s −_2^1_0∫^T_{σ 2}^1 (δ^2 −_{rs}^{2δσ 2} )ds

δ̂ = T 1 (r_0 − r_{T 2} 0 ∫^T_{rs}^1 ds)

When r_t n =

p(t;q;r ) = g(r ) 0 ∫^∞ e^{−λ 2t⁄2}G(λ q)G(λ r )g(λ )dλ t > g(r ) = r , G(r ) ( 2 3 )J_0(r )

ω_t

tion t sin ω dω dϕ

2πf (ω,t) with f satisfying

2 σ^2 ∂ω^2 ∂^2f + 2 σ^2

tan ω 1 ∂ω ∂f___ = ∂t ∂f (4)

f (ω,t) = 4π 1 n=0Σ^{∞ (2n+1)P}n^{(cos ω)e− n(n+1)tσ 2⁄2 (5)}

for t > P_n n

E sin^2 ω_t = 3 2 (1 − e^{− t3σ 2}) ω_t

S^2 θ and ϕ and 0 < 2π θ,ϕ θ′,ϕ′ t p(t;θ,ϕ;θ′,ϕ′) = k=0Σ^∞_{m=− k}Σ^{k e− k(k+1)t Y}k^{m(θ,ϕ)Y}k^{m(θ′,ϕ′}

Here Y_n^m(θ,ϕ Y_n^m(θ,ϕ) = e^{imϕ}P_n^m(cos θ) for n = 0,1,2, m n and P_n^m and P_n^0 = P_n

σ^2Δ^* ⁄2 where Δ^*

Δ^* =

sin θ 1 ∂θ ∂ (sin θ ∂θ ∂ ) + sin^2θ 1 ∂ϕ^2 ∂^2 (7) 0 < θ < π Y_k^m Δ^*

^ dθ_t dU_t + 2tan θ_t σ^2

dt (8)

dϕ_t = sin θ_t σ dV_t (9) with U_t and V_t θ^ π θ σ^2 ∂θ ∂ (sin θ ∂θ ∂ ) Writing

l(t) = 0 ∫^t_{sin2 θ(s)}^1 ds

ψ σ B_t (mod 2π B_t

[θ,ϕ] = [θ,ψ(l Y in R^3 ^ dY = (I − YY′⁄(Y′Y dB − (Y⁄(Y′Y))dt (11) supposing Y≠ B R → R^3

(S) dY = (I − YY′⁄(Y′Y))dB (12)

Y = (R sin θ sin ϕ, R sin θ cos ϕ, R cos θ (S) dR_t = 0 (S) dθ_t = R_t σ [cos θ_t sin ϕ_t dB_{t1} + cos θ_t cos ϕ_t dB_{t2} − sin θ_t dB_{t3}]

(S) dϕ_t = R_t sin θ_t σ [cos ϕ_t dB_{t1} − sin ϕ_t dB_{t2}]

θ_t = r_t ⁄R R

(S) dr_t ∼ σ [sin ϕ_t dB_t^1 + cos ϕ_t dB_t^2] (S) dϕ_t ∼

r_t σ [cos ϕ_t dB_{t1} − sin ϕ_t dB_{t2}]

^

B B θ_t X_t = cos θ_t

dX_t^2X_t dt 1 − X_t^2dU_t (13) −

A = 2 σ^2 (1 − x_2) dx^2 d^2_2x dx d P_n (x λ_n = n(n+

are s(x) = 2 1 log 1− x 1+x and m(x) =

σ^2

2 (x − x_0)

m′(x ±

x d is

σ^2 2 log 1− d

1− x

− 1 < x < d < 1.

ω_t

(1983).

δ ^

dθ_t dU_t + ( 2tan θ_t σ^2 )dt (14)

dϕ_t = sin θ_t σ dV_t

θ_t ≠ ϕ_t defined mod 2π π

( 2tan θ σ^2 ) ∂θ ∂ + 2 σ^2 ∂θ^2 ∂^2 + 2 1 sin^2θ σ^2 ∂ϕ^2 ∂^2 (15)

X_t = cos θ_t^

dX_t = (−σ^2X_t 1 − X_t^2)dt 1 − X_t^2dU_t

B = 2 σ^2

(1 − x^2)

dx^2 d^2

− (σ^2x 1 − x^2) dx d − 0.

R θ_t = r_t ⁄R one

R 1 dr_t ∼

∼ σ dU_t + ( 2 σ^2

r_t

R )dt dϕ_t ∼ σ r_t R dV_t

Rσ by σ and Rδ by δ

I(x,z) = σ^2

2δ [cos_{− 1}x − cos_{− 1}z] − [log(1− x_2) − log(1− z_2)]

s(x) =

x_0

∫^xexp{_{σ 2}^{2δ} cos^{− 1}z}_{1− z2}^1 dz

m(x) = σ^2 2 x_0

∫^xexp{−_{σ 2}^{2δ} cos^{− 1}z}dz

m′(x) = exp{− σ^2

2δ cos_{− 1}x}

− 1 < x < δ⁄σ^2

x d > d > x > −

x ∫^d_{σ 2}^2 −^1 ∫^y exp{−_{σ 2}^{2δ} cos^{− 1}z}dz

exp{

σ^2 2δ cos^{− 1}y} 1− y^2 1 dy

σ^2

2 log

1− d

1− x

^ equally.

σ^2

1 [(−δ ) 0 ∫^Tdθ_s −_2^1_0∫^T(−_{tan θs}^{2δσ 2 2})ds]

δ̂ = T 1 [(θ_{0 T})_2 0 ∫^T_{tan θs}^1 ds]⁄T T .

σ^2

iΣ^{[ϕ̃} t_{i+1}^~t_i^{]2 →p σ 2}_0∫ T sin^2θ_s 1 ds (16) {t_i }

θ_s ≤ s ≤ T ε > 0 sin θ_s ϕ̃_t ϕ_t ϕ_t 0, π < ϕ_0 < 2π ϕ_t

reflecting.

ϕ and θ < 2π and −π⁄2 ϕ_t , θ_t t Φ , Θ

ρ_t η_t

cos ρ_t = cos( 2 π t )cos( 2 π −Θ ) + sin( 2 π t )sin( 2 π )cos(_t )

cos η_t = [cos( 2 π ) − cos( 2 π t )cos ρ_t ]⁄[sin( 2 π t )sin ρ_t ]

^

dθ_t = dU_t + 2tan θ_t

1 dt + c_1(θ_t ,ϕ_t )dt dϕ_t = sin θ_t

1 (dV_t + c_2(θ_t ,ϕ_t )dt)

R^d

reference.

REFERENCES

^

169-172.

^

´

317-356.

APPENDIX

X_t dX_t (X_t )dt (X_t )dB_t (A.1) where B_t

I(x,z) = x ∫^z_{σ 2(y)}^{2μ(y)} dy

s(x) =

x_0

∫^xexp{− I(x_0,z)}dz (A.2)

m(x) =

x_0

∫^x_{σ 2(z)}^2 exp{I(x_0,z)}dz (A.3)

x ∫^d(m(y) − m(− 1))ds(y

if −

μ(x)_0(x

sion

0 ∫^T_{σ 2(Xt )}

[μ(X_t )_0(X_t )] dX_t − 2 1 0 ∫^T_{σ 2(Xt )}

[μ^2(X_t )_0^2(X_t )] dt (A.5)

σ .

iΣ^{[ϕ̃} t_{i+1}^~t_i^{]2 2}_iΣ^[_{ti}∫

t_{i+1}

sin θ_s

1 dṼ_s ]_2 (A.6)

{θ_t ≤t≤T} satisfying sin θ_t ε > 0.

σ^2 0 ∫^T_{sin2θs}^1 ds

≤σ^2T⁄ε^2 2σ^4Tmax{t_{i+1} − t_i }⁄ε^4