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1 ��mJ{�P
e0 =

(

1 0
0 1

)

, e1 =

(

1 0
0 −1

)

, e2 =

(

0 1
1 0

)

, e3 =

(

0 i

−i 0

)

,N� e21 = e22 = e23 = e0, e1e2 = −e2e1 = −ie3, e2e3 = −e3e2 = −ie1, e3e1 = −e1e3 =
−ie2.�0 e0, e1, e2, e3 }hGL :P��r Q = {q = te0 +x1e1+x2e2+x3e3|t, x1, x2,

x3 ∈ R} }/dG^r�H q ∈ Q, m |q| = (|t|2 + |x1|
2 + |x2|

2 + |x3|
2)

1

2 . v R4 Z:Gsm} (t, x), 6Z x = (x1, x2, x3). � f : R4 → Q, f(t, x) = f0(t, x)e0 + f1(t, x)e1 +

f2(t, x)e2 + f3(t, x)e3 }/dG^_^�m ω(t, x) =
3

∑

i=1

fi(t, x)ei, ��6}��_^�4G.{zRfb
D =

∂

∂t
e0 +

∂

∂x1
e1 +

∂

∂x2
e2 +

∂

∂x3
e3 =

∂

∂t
e0 + ∇,

D =
∂

∂t
e0 −

∂

∂x1
e1 −

∂

∂x2
e2 −

∂

∂x3
e3 =

∂

∂t
e0 −∇.� 2007 1 1 K 12 DX4�2008 1 1 K 10 DX4 TV�

∗+M7=g)g��+ (06F13-156), +xEs[?�+g� (07ZA096) `℄�+�
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 31��B
DD = DD =

( ∂2

∂t2
−

∂2

∂x2
1

−
∂2

∂x2
2

−
∂2

∂x2
3

)

e0 =
( ∂2

∂t2
−△3

)

e0.

∇ b △3 R�I~kFfbb Laplace fb��&� P#
Df =

( ∂

∂t
e0 + ∇

)

(f0e0 + ω) = g = g0e0 + Φ1 + iΦ2. (1),* g0(t, x) WPV_^�I Φ1(t, x) b Φ2(t, x) W��_^� g0,Φ1,Φ2 ∈ C1.P# (1) ;nB��P#f


















∂

∂t
f0 + ∇ · ω = g0,

∇f0 +
∂

∂t
ω = Φ1,

∇× ω = −Φ2.

(2)P#f (2) M
�&Z�*�\*8> [1−3].. DDf =
(

∂2

∂t2
−△3

)

f = Dg 	w(P# (1) :�E�ru�
∇ · Φ2 −

( ∂

∂t
Φ2 + ∇× Φ1

)

= 0,k
{

∇ · Φ2 = 0,

∂

∂t
Φ2 + ∇× Φ1 = 0.

(3)0�KP# (1) #ru (3).K Ω W R4 Z:.W_�>D� Ω =
{

(t, x)|0 < t < 1 9 |x| < 1 − t}. Im
B3 =

{

(0, x)||x| < 1
}

, Γ =
{

(0, 0, x2, x3)|x
2
2 + x2

3 = 1
}

.�� Ω JP# (1) :F�'�V�o��
 A =P# (1) M Ω J:�"� f(t, x), Q6#F�'RruC��ru
f0(0, x) = τ1(x),

∂

∂t
f0(0, x) = τ2(x), (4)

f1(0, x)|x∈∂B3
= τ3(x), (5)

Re (x′2e0 + ix′3e1)
κ
[

f2(0, 0, x
′
2, x

′
3)e0 + if3(0, 0, x

′
2, x

′
3)e1

]

= r(x′2, x
′
3)e0, (x

′
2, x

′
3) ∈ Γ.

(6)O� τ1(x) ∈ C3(B3), τ2(x) ∈ C2(B3), τ3(x) ∈ C(∂B3), r(x2
′, x

′

3) ∈ Cα(Γ), 0 < α < 1.

κ W.WQ^��} �o A :W���B�ru (6) ;nB
Re (x′2 + ix′3)

κ[f2(0, 0, x
′
2, x

′
3) + if3(0, 0, x

′
2, x

′
3)] = r(x′2, x

′
3), (x

′
2, x

′
3) ∈ Γ. (7)Æ��>SR�Z*�.{xH�P#:�V�o:PL�l(�J' R4 Z:.{aAP#f:'�V�ojM> 4 |Z: R3 Z:.{aAP#f:'�V�o�H�v;��R�75��o:	�rub�:�U�
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2 x�tl ∇Ψ = h qy�~z ∇Ψ = 0 qh��}j" �o A :!*�MÆ|Z�&� P#
∇Ψ =

( ∂

∂x1
e1+

∂

∂x2
e2 +

∂

∂x3
e3

)

(

ψ1(x)e1 +ψ2(x)e2 +ψ3(x)e3
)

= h(x) = h0e0+iΦ(x), (8)

Φ(x) W.��_^�#	�ru ∇ · Φ = 0.K G W R
3 Z.W?R3[A' S g{ :��>D�s� 1 (Pompeiu XS) H��_^ Ψ(x) ∈ C1(G) ∩ C(G),x ∈ G, N

Ψ(x) =
1

4π

∫

S

(

∇x

1

r(ζ, x)

)

αΨ dS −
1

4π

∫

D

(

∇ζ

1

r(ζ, x)

)

∇ζΨ dV. (9)O�: α WA' S :1�yLP��* ? Stokes XS�H G J:C2��_^ Φ(x), Ψ(x) ∈ C1(G) ∩ C(G), �
∫

G

[

(Φ∇)Ψ + Φ(∇Ψ)
]

dV =

∫

G

(

3
∑

i=1

∂

∂xi

ΦeiΨ
)

dV =

∫

S

ΦαΨ dS. (10)� Φ(x) = ∇x
1

r(ζ,x) , r(ζ, x) = |ζ − x| =
[

(ζ1 − x1)
2 + (ζ2 − x2)

2 + (ζ3 − x3)
2
]

1

2 .

Gε = {ζ||ζ − x| < ε}, ε W$R�:R^�Q Gε ⊂ G.? ∇x∇ζ = −△3e0 j3 ζ 6= x O� △3
1
r

= 0, ? (10) 	7
∫

G\Gε

(

∇x

1

r(ζ, x)

)

∇ζΨ dVζ

=

∫

S

(

∇x

1

r(ζ, x)

)

αΨ dS −

∫

r(ζ,x)=ε

(

∇x

1

r(ζ, x)

)

αΨ dS

=IS − Iε. (11)I
lim
ε→0

Iε = lim
ε→0

∫

r(ζ,x)=ε

(ζ1 − x1)e1 + (ζ2 − x2)e2 + (ζ3 − x3)e3
r3

·
(ζ1 − x1)e1 + (ζ2 − x2)e2 + (ζ3 − x3)e3

r
Ψ(ζ) dS

= lim
ε→0

∫

r(ζ,x)=ε

Ψ(ζ)

r2
dS = 4πΨ(x).� ε→ 0, ? (11) Sk7 (9) S ��K h(x) = h0(x)e0 + iΦ(x), h0(x) b Φ(x) R�WD3M G J:PV_^C��_^� h(x) ∈ L1(G), Φ(x) #ru�

∫

G

(

∇ζ

1

r(x, ζ)

)

· Φ(ζ) dVζ = 0. (12)m
T3h = −

1

4π

∫

G

(

∇ζ

1

r(x, ζ)

)

h(ζ) dVζ .



64 5 : Z # # 
 31�
T3h W.��_^�H��_^ Φ(x) ∈ C1

0 (G), ∇ ·Φ = 0, N Φ(x) #ru (12). VPJ? Stokes XS	w( ∫

G
(∇ζ

1
r(x,ζ)) ·Φ(ζ) dV = 0. kMR�23�� ∇ · Φ = 0 Cru (12) W;n:��eB [4] :PL�	7F�}℄�s� 2 H h ∈ L1(G), N T3h WP# (8) :.W\3��kMR�23��

∇(T3h) = h.�eB [4] b [5], 	0S(�s� 3 H h ∈ LP (G), P > 3, N
|T3h| ≤M1(P,G)LP (h,G), ∀x ∈ R

3,

∣

∣T3h(x
′) − T3h(x

′′)
∣

∣ ≤M2(p)LP (h,G)|x′ − x′′|α, α =
P − 3

P
, ∀x′, x′′ ∈ R

3.O� M1(P,G), M2(P ) R��U�/�B P,G b P :RP�^��'�&j" B3 J:7-P# ∇Ψ = 0 :F��V�o��
 RH =P# ∇Ψ = 0 M B3 -:� Ψ = ψ1e1 + ψ2e2 + ψ3e3, Q Ψ ∈ C(B) 9#����ru
ψ1(x)|∂B3

= τ(x),

Re (x′2e0 + ix3e1)
κ
[

ψ2(0, x
′
2, x

′
3)e0 + iψ3(0, x

′
2, x

′
3)e1

]

= (x′2, x
′
3)e0, (x

′
2, x

′
3) ∈ Γ.O� τ(x)b r(x′2, x

′
3)WR�D3M ∂B3 b ΓJ:PV_^�τ(x) ∈ C(∂B3), r(x

′
2, x

′
3) ∈

Cα(Γ), 0 < α < 1, W� κ W.Q^��&+v R3 m} R × C, I R3 Z:G x = (x1, x2, x3), +m} x = (x1, z), z =
x2 + ix3.P# ∇Ψ = 0 ;nB��P#f











∂

∂x1
(ψ2e0 + iψ3e1) =

( ∂

∂x2
e0 + i

∂

∂x3
e1

)

ψ1

( ∂

∂x2
e0 − i

∂

∂x3
e1

)

(ψ2e0 + iψ3e1) = −
∂

∂x1
ψ1e0.

(13)�> [6] j [7] Z:}℄�	SF�4���� H g1(x1, z), g2(x1, z)WD3M R×CrZ1�< B3 =
{

(x1, z) | x
2
1+|z|2 < 1

}-:SV_^� g1(x1, z), g2(x1, z) ∈ C1(B3) 9#ru ∂
∂x1

g2(x1, z) = ∂
∂z
g1(x1, z), ,%ZBSV_^ u(x1, z) :P#f











∂

∂x1
u = g1,

∂

∂z
u = g2

(14): Riemann-Hilbert j��
, k=P#f (14) M B3 -:�"� u(x1, z), Q6#��ru
Re ξκu(0, ξ) = r(ξ), ξ ∈ Γ = {|ξ| = 1}.O� r(ξ) ∈ Cα(Γ), 0 < α < 1, κ WQ^�
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(1) 3W� κ ≥ 0 O�o��
u(x1, z) =

∫ x1

0

g1(ξ, z) dξ + Tg2(0, ζ) + u0(z),6Z
Tg2(0, ζ) = −

1

π

∫

B2={|ζ|<1}

g2(0, ζ)

ζ − z
dVζ ,

u0(z) = −
1

π

∫

B2

z2κ+1g2(0, ζ)

1 − ζz
dVζ +

zκ

2πi

∫

Γ

r(ξ)(ξ + z)

ξ − z

dξ

ξ
+

2κ
∑

m=0

cmz
m.

cm WC2S�^�#ZÆ
c2κ−m + cm = 0, m = 0, · · · , κ.

(2) 3 κ < 0, �o	�39�3 r(ξ) #ru
Re

[ 1

2πi

∫

Γ

r(ξ)

ξ
dξ −

1

π

∫

B2

ζ
−κ−1

g2(0, ζ) dVζ

]

= 0,

1

πi

∫

Γ

r(ξ)

ξm+1
dξ

−
1

π

∫

B2

[

ζ
−κ−m−1

g2(0, ζ) + ζ−κ+m−1g2(0, ζ)
]

dVζ = 0, m = 1, · · · ,−κ− 1.
(15)3O�ru#O��o:�����U

u(x1, z) =

∫ x1

0

g1(ξ, z) dξ + Tg2(0, ζ) −
1

π

∫

B2

ζ
−2κ−1

g2(0, ζ)

1 − ζz
dVζ

+
1

πi

∫

Γ

r(ξ)

ξ−κ(ξ − z)
dξ. (16)s� 4 (1) 3 κ ≥ 0 O� �o RH ��

Ψ(x) = ψ1e1 + (ψ2e0 + iψ3e1)e2,6Z
ψ1(x) =

1

4π

∫

∂B3

1 − |x|2

|η − x|3
τ(η) dSη, (17)

ψ2e0 + iψ3e1 =

∫ x1

0

( ∂

∂x2
e0 + i

∂

∂x3
e1

)

ψ1(ξ, z) dξ −
1

2
T0

( ∂

∂x1
ψ1(0, ζ)

)

+
1

2π

∫

B2

(x2e0 − ix3e1)
2κ+1( ∂

∂x1

ψ1(0, x
′
2 + ix′3))

e0 − (x′2e0 + ix′3e1)(x2e0 − ix3e1)
dV

+
(x2e0 − ix3e1)

κ

2πi

∫

Γ

r(x′2 − ix′3)(x
′
2e0 + ix′3e1 + x2e0 − ix3e1)

[(x′2e0 + ix′3e1) − (x2e0 − ix3e1)](x′2e0 + ix′3e1)
dζ
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 31�
+

2κ
∑

m=0

cm(x2e0 − ix3e1)
m. (18)O�

T0

( ∂

∂x1
ψ1(0, ζ)

)

= −
1

π

∫

B2

∂
∂x1

ψ1(0, ζ)

(x′2e0 − ix′3e1) − (x2e0 − ix3e1)
dV

=







T
( ∂

∂x1
ψ1(0, ζ)

)

0

0 T
( ∂

∂x1
ψ1(0, ζ)

)






.

cm W#ru c2κ−m + cm = 0, m = 0, · · · , κ :C2S�^�
(2) 3 κ < 0, �
 RH 	�39�3 r(ζ) #ru

Re
[ 1

2πi

∫

Γ

r(ξ)

ξ
dξ +

1

2π

∫

B2

ζ
−κ−1

( ∂

∂x1
Ψ1(0, ζ)

)

dV
]

= 0,

1

πi

∫

Γ

r(ξ)

ξm+1
dξ +

1

2π

∫

B2

[

ζ
−κ−m−1

( ∂

∂x1
ψ1(0, ζ)

)

+ ζ−κ+m−1
( ∂

∂x1
ψ1(0, ζ)

)

]

dV

=
1

πi

∫

Γ

r(ξ)

ξm+1
dξ +

1

2π

∫

B2

(ζ
−κ−m−1

+ ζ−κ+m−1)
( ∂

∂x1
ψ1(0, ζ)

)

dV

=0, m = 1, · · · ,−κ− 1. (19)3O�ru#O�6�
Ψ(x) = ψ1e1 + (ψ2e0 + iψ3e1)e2,6Z: ψ1(x) F (17) gU�

ψ2e0 + iψ3e1 =

∫ x1

0

( ∂

∂x2
e0 + i

∂

∂x3
e1

)

ψ1(ξ, z) dξ

−
1

2
T0

( ∂

∂x1
ψ1(0, ζ)

)

+
1

2π

∫

B2

(x′2e0 − ix′3e1)
−2κ−1( ∂

∂x1

ψ1(0, x
′
2 + ix′3))

e0 − (x′2e0 + ix′3e1)(x2e0 − ix3e1)
dV

+
1

πi

∫

Γ

r(x′2 − ix′3)

(x′2e0 + ix′3e1)
−κ[(x′2e0 + ix′3e1) − (x2e0 − ix3e1)]

dζ. (20)* (17) SAGk R3 Z1�< B3 : Poisson iRXS�Y ψ1(x, z) M B3 -Bb�M B3 Z�"9# Dirichlet ��ru ψ1|∂B3
= τ(x). � g1 =

(

∂
∂x2

e0 + i ∂
∂x3

e1
)

ψ1,

g2 = − 1
2

∂
∂x1

ψ1e0, NP#f (14) :�E�ru#�.I�>4�k	7S�
3 tl Df = g q� AvP# (1) U�}ZB��_^ ω :P#f











∂

∂t
ω = −∇f0 + Φ1 = h1,

∇ω =
(

−
∂

∂t
f0 + g0

)

e0 + iΦ2 = h2.

(21)
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∂t
h2 jru (3) Z:>JW;S�	w( f0 #F�P#

( ∂2

∂t2
−△3

)

f0 = −∇ · Φ1 +
∂

∂t
g0 = F. (22)^25ru (3) Z:>.W;S�.I� ∇T3h2 = h2. E1'SP#f (21) �t�

ω(t, x) =

∫ t

0

h1(ξ, x) dξ + T3h2(0, ζ) + Ψ(x). (23),* Ψ(x) W#P# ∇Ψ = 0 :C.��_^�HJ{aA�P# (22) :#'Rru f0(0, x) = τ1,
∂
∂t
f0(0, x) = τ2(x) : Cauchy�o�|.��6�	F��U�

f0(t, x) =
1

4π

[ ∂

∂t

1

t

∫

|ζ−x|=t

τ1(ζ) dS+
1

t

∫

|ζ−x|=t

τ2(ζ) dS+

∫

r=|ζ−x|≤t

F (t− r, ζ)

r
dV

]

. (24)HC.��_^�> []i (i = 1, 2, 3) �Uh:> i WR�_^�kH Φ = ϕ1e1 +

ϕ2e2 + ϕ3e3, N [Φ]i = ϕi, i = 1, 2, 3.m
τ ′3 = τ3(x) − [T3h2]1,

r′(x′2, x
′
3)e0 = r(x′2, x

′
3)e0

− Re (x′2e0 + ix′3e1)
κ
{

[T3h2(0, 0, x
′
2, x

′
3)]2e0 + i[T3h2(0, 0, x

′
2, x

′
3)]3e1

}

.*Q f = f0e0 + ω W�o A :��39�3 (23) SZ: Ψ(x) #��ru
ψ1(x)|∂B3

= τ ′3(x),

Re (x′2e0 + ix′3e1)
κ[ψ2(0, 0, x

′
2, x

′
3)e0 + iψ3(0, 0, x

′
2, x

′
3)e1]

=r′(x′2, x
′
3)e0, (x

′
2, x

′
3) ∈ Γ.�>D� 4, k	f7F�}℄�s� 5 (1) 3 κ ≥ 0 O�P# (1) : �
 A �� f(t, x) = f0e0 + ω, 6Z f0(t, x)? (24) �U� ω F (23) g�U�I6 Ψ ? (17) b (18) �U�X!R�> τ ′3(η) 0p

(17) SZ: τ(η) b> r′(x′2, x
′
3) 0p (18) SZ: r(x′2, x

′
3).

(2) 3 κ < 0 O��o	�39�3 r′(x′2, x
′
3) #ru (15). 3,ru#O��

f(t, x) = f0e0 + ω Z f0 v (24) S�I ω F (23) g�U�I6 Ψ ? (17) b (20) �U�X!R�> τ ′3(η) 0p (17) SZ: τ(η) b> r′(x′2, x
′
3) 0p (20) SZ: r(x′2, x

′
3).

4 R
3 ��|��tl!qnh��MÆ|Z��&j" R

3 Z:.{aAP#f:'�V�o�H R
3 Z:G (t, x, y),�&+v6m} (t, z) = (t, x+ iy). m

e1 =

(

1 0
0 −1

)

, e2 =

(

0 1
−1 0

)

, e3 =

(

0 −i
−i 0

)

,
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 31�N� e21 = e0, e
2
2 = e23 = −e0, e1e2 = −e2e1 = ie3, e2e3 = −e3e2 = −ie1, e3e1 = −e1e3 =

ie2. I~P��
u = te1 + xe2 + ye3 =

(

t z

−z −t

)

, u2 = (t2 − x2 − y2)e0.�
∂ =

∂

∂t
e1 +

∂

∂x
e2 +

∂

∂y
e3.N

∂2 =
( ∂2

∂t2
−△2

)

e0.,*
△2 =

∂2

∂x2
+

∂2

∂y2
.� F�P#

∂Ψ(t, x, y) =
( ∂

∂t
e1 +

∂

∂x
e2 +

∂

∂y
e3

)

(ψ1e1 + ψ2e2 + ψ3e3)

=ϕ0e0 + iΦ = ϕ0e0 + i(ϕ1e1 + ϕ2e2 + ϕ3e3), (25)6Z ϕi ∈ C1, i = 0, 1, 2, 3.P# (25) �8B��PP#f�










































∂

∂t
ψ1 −

∂
∂x
ψ2 −

∂
∂y
ψ3 = ϕ0,

∂

∂x
ψ3 −

∂
∂y
ψ2 = −ϕ1,

∂

∂y
ψ1 −

∂
∂t
ψ3 = ϕ2,

∂

∂t
ψ2 −

∂
∂x
ψ1 = ϕ3.

(26)

. ∂2Ψ = ∂(ϕ0e0 + iΦ), 	w(P# (25) :�E�ru�
∂

∂t
ϕ1 −

∂

∂x
ϕ2 −

∂

∂y
ϕ3 = 0. (27)K Ω =

{

(t, z) | |z| < 1 − t, 0 < t < 1
}

, k Ω W R3 Z<'W t = 0 4'J1�H2
B2, C�W (1, 0, 0) :H_��� Ω JP# (25) :F�'�V�o��
 B =P# (25)M Ω-:� Ψ(t, z),Q Ψ ∈ C(Ω), ψ1(0, z) = τ1(z),

∂
∂t
ψ1(0, z) =

τ2(z),

Re(x′e0 − iy′e1)
κ[ψ2(0, x

′, y′)e0 − iψ3(0, x
′, y′)e1] = r(x′, y′)e0, (x

′, y′) ∈ Γ.O� τ1(z) ∈ C3(B2), τ2(z) ∈ C2(B2), r(x′, y′) ∈ Cα(Γ), 0 < α < 1, κ W.WQ^�
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( ∂

∂x
e0 + i

∂

∂y
e1

)

(ψ2e0 − iψ3e1) =
∂

∂t
ψ1e0 − ϕ0e0 + iϕ1e1 = h1,

∂

∂t
(ψ2e0 − iψ3e1) =

( ∂

∂x
e0 − i

∂

∂y
e1

)

ψ1 + ϕ3e0 + iϕ2e1 = h2.

(28)JSZ h1, h2 �}J{Hw�P_^�P#f (28) 	�39�3 ψ1 W��J{aA�P#:�
( ∂2

∂t2
−

∂2

∂x2
−

∂2

∂y2

)

ψ1 =
∂

∂t
ϕ0 +

∂

∂x
ϕ3 −

∂

∂y
ϕ2 = g. (29)3 ψ1 #,P#O�P# (28) �t�

ψ2e0 − iψ3e1 =

∫ t

0

h2(ξ, z) dξ +
1

2
Th1(0, ζ) + F (z). (30)6Z

Th1(0, ζ) = −
1

π

∫

B2

h1(0, x
′, y′)

(x′ − x)e0 + i(y′ − y)e1
dV,

F (z) }J{Hw�P_^�#P#
( ∂

∂x
e0 + i

∂

∂y
e1

)

F (z) = 0.H Ω J#'Rru ψ1(0, z) = τ1(z),
∂
∂t
ψ1(0, z) = τ2(z) :P# (29) : Cauchy �o�|.:�

ψ1(t, z) =
1

2π

[ ∂

∂t

∫

|ζ−z|≤t

τ1(ζ)
√

t2 − |ζ − z|2
dV

+

∫

|ζ−z|≤t

τ2(ζ)
√

t2 − |ζ − z|2
dV

+

∫ t

0

dξ

∫

|ζ−z|≤ξ

g(t− ξ, ζ)
√

ξ2 − |ζ − z|2
dV

]

. (31)�>\3��_^Z:}℄ [4,9], �eB8.|:j"�k	f70�}℄�s� 6 (1) HW� κ ≥ 0, �
 B �� Ψ(t, z) = ψ1e1 + ψ2e2 + ψ3e3 = ψ1e1 +

(ψ2e0 − iψ3e1)e2, 6Z ψ1 ? (31) g�U�I ψ2e0 − ψ3e1, ? (30) �U�6Z
F (z) = −

1

2π

∫

B2

(xe0 + iye1)
2κ+1h1(0, x′, y′)

e0 − (x′e0 − iy′e1)(xe0 + iye1)
dV

+
(xe0 + iye1)

κ

2πi

∫

Γ

r(x′, y′)
(x′ + x)e0 + i(y′ + y)e1

[(x′ − x)e0 + i(y′ − y)e1](x′e0 + iy′e1)
dξ

+

2κ
∑

m=0

cm(xe0 + iye1)
m. (32)

cm W#��ru:C2S�^�
c2κ−m + cm = 0, m = 0, · · · , κ.
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 31�
(2) 3 κ < 0 O�m h(z) = 1

2

(

∂
∂t
ψ1(0, z)− ϕ0(0, z) + iϕ1(0, z)

)

, �
 B 	�:$*ruW
Re

[ 1

2πi

∫

Γ

r(ξ)

ξ
dξ −

1

π

∫

B2

ζ−κ−1h(ξ) dV
]

= 0,

1

πi

∫

Γ

r(ξ)

ξm+1
dξ −

1

π

∫

B2

[

ζ−κ−m−1h(ζ) + ζ
−κ+m−1

h(ζ)
]

dV

=0, m = 1, · · · ,−κ− 1. (33)3JYru#O�v (1) .)�6� Ψ(t, z) = ψ1e1 + (ψ2e0 − iψ3e1)e2 Z ψ1 ? (31) �U�I ψ2e0 − iψ3e1 ? (30) �U�26Z:
F (z) = −

1

2π

∫

B2

(x′e0 − iy′e1)
−2κ−1h1(0, x′, y′)

e0 − (x′e0 − iy′e1)(xe0 + iye1)
dV

+
1

πi

∫

Γ

r(x′, y′)

(x′e0 + iy′e1)−κ[(x′ − x)e0 + i(y′ − y)e1]
dξ.k � � �
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