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O
lo

k
l 

rw
s
h
g
ia

to
n
up

ol
og

is
m
ì
to

u
z
xe

k
in
¸
nt

a
c
a
p
ì
to

is
hm

er
in
ì
ep

Ðp
ed

o
z
($

,ζ
=

0
)
=

0
,

z
(r

,µ
)

=
r e

( x
2 0

∫
µ

0

∂
B ∂
x

d
µ
′ +

x
0

1
−

x
0

∫
µ

0
B

d
µ
′)

+

( µ

∫
r

r 0

B
d
r
′ +

(µ
2
−

1
)

∫
r

r 0

∂
B

∂
µ

d
r
′)

.

S
Ôn

de
s
h
tw

n
m
et
ri
k
¸
n
s
un

a
rt

 s
ew

n,

f
=

e2
ν
−

ω
2
ρ
2
e−

2
ν
,

w
=

−
ω

ρ
2
e−

2
ν

f
,

e2
γ

=
f

[ (
∂
ρ

∂
$

) 2
+

( ∂
ρ

∂
ζ

) 2
] −

1

e2
µ
.

A
p
ì
th

n
g
w
ni
a
k
 
ol

o
k
l 

rw
s
h,

to
s
f
�
lm

a
p
o
u
ei
s
�
g
ei

o
m
et
a
s
q
hm

a
ti
s
m
ì
c
tw

n

s
un

te
ta

g
m
èn

w
n
eÐ
na

i
g
en

ik
�
th

c
t�

xh
c
to

u
∆

z
/M

'
1
0
−6
−

1
0
−7
.
'A
ra

èq
o
um

e

èn
a
n
k
a
lì

a
lg

ì
ri
j
m
o
m
et
a
s
q
hm

a
ti
s
m
o
Ô
s
un

te
ta

g
m
èn

w
n
g
ia

na
s
ug

k
rÐ
no

um
e

a
na

lu
ti
k
èc

m
e
a
ri
j
m
ht

ik
èc

m
et
ri
k
èc

s
ti
c
Ðd
ie
c
s
un

te
ta

g
m
èn

ec
5
.

5
G

.P
.
a
n
d

T
.
A
.
A
p
o
st

o
la

to
s,

C
la

ss
.

Q
u
a
n
tu

m
G

ra
v
.
2
5

(2
0
0
8
),

2
2
8
0
0
2
.



S
Ôg

k
ri
s
h
m
et

ri
k
¸
n:

A
nt

is
to

Ðq
hs

h
a
na

lu
ti
k
 c

m
e
a
ri
j
m
ht

ik
 
m
et

ri
k
 

12
/4

7

•
S
Ôg

k
ri
s
h
a
ri
j
m
ht

ik
 c

k
a
i
a
na

lu
ti
k
 c

m
et
ri
k
 c

:

K
a
t�

ll
hl

h
a
nt

is
to

Ðq
hs

h
a
na

lu
ti
k
 c

m
e
a
ri
j
m
ht

ik
 

m
et
ri
k
 .

P
¸
c
j
a
a
nt

is
to

iq
Ðs

o
um

e
m
ia

a
na

lu
ti
k
 
m
et
ri
k
 
s
e
m
ia

a
ri
j
m
ht

ik
 
m
et
ri
k
 ;

H
a
nt

is
to

Ðq
hs

h
j
a
p
rè

p
ei

na
g
Ðn
ei

q
rh

s
im
o
p
o
i¸

nt
a
c
k
a
j
ol

ik
�

k
a
i
ìq

i
to

p
ik
�
k
ri
t 

ri
a
.

'E
q
ei

a
p
o
de

iq
j
eÐ

ì
ti

s
th

n
p
er

Ðp
tw

s
h
tw

n
s
t�

s
im
w
n
k
a
i
a
xo

ni
k
�

s
um

m
et
ri
k
¸
n
q
w
rì

q
ro

nw
n,

to
f
�
s
m
a
tw

n
p
ol

up
ol

ik
¸
n
ro

p
¸
n

q
a
ra

k
th

rÐ
ze

i
p
l 

rw
c
to

n
q
w
rì

q
ro

no
.
'A
ra

ta
p
ol

Ôp
ol

a
eÐ
na

i
k
a
l�

k
ri
t 

ri
a
g
ia

m
ia

k
a
j
ol

ik
 
a
nt

is
to

Ðq
hs

h
tw

n
lÔ

s
ew

n
(u
p
ì
j
es

h)
.

P
o
ia

eÐ
na

i
ta

p
ol

Ôp
ol

a
th

c
a
ri
j
m
ht

ik
 c

m
et
ri
k
 c
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•
P
ol

Ôp
ol

a
a
ri
j
m
ht

ik
¸
n
m
et
ri
k
¸
n.

N
eu

t¸
ne

ia
p
ol

Ôp
ol

a
:

Φ
(r

)
=
Q r

+
Q

a
x

a

r
3

+
Q

a
bx

a
x

b

r
5

+
..
.

ì
p
o
u,
Q

,
Q

a
,
Q

a
b,

eÐ
na

i
ol

o
k
lh

r¸
m
a
ta

s
th

n
p
hg

 
p
o
u
èq

o
un

th
m
o
rf

 ,

Q
=

∫
ρ
d
3
x
,
Q

a
=

∫
x

a
ρ
d
3
x
,

..
.

T
a
p
ol

Ôp
ol

a
eÐ
na

i
g
en

ik
�
ta

nu
s
ti
k
èc

p
o
s
ì
th

te
c.
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O
ri
s
m
ì
c
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n
p
ol

up
ìl

w
n
s
to

�
p
ei
ro

:

x
a
→

x̃
a
=

r
−2

x
a
:

r̃
2

=
x̃

a
x̃

a
=

r
−2

Φ
(r

)
=

r̃
( Q

+
Q

a
x̃

a
+
Q

a
bx̃

a
x̃

b
+

..
.)

A
n
o
rÐ
s
o
um

e
to

du
na

m
ik
ì
s
to

�
p
ei
ro

w
c

Φ̃
=

r̃
−1

Φ
,
tì

te
ta

p
ol

Ôp
ol

a
eÐ
na

i,

P
a
1
..
.a

n
=

D̃
a

n
P

a
1
..
.a

n
−1

=
D̃

a
1
..
.D̃
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n
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S
q
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ik
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ti
k
èc

p
ol

up
ol

ik
èc

ro
p
èc
:

•
G
en

Ðk
eu

s
h
tw

n
ne

ut
¸
ne

iw
n
p
ol

up
ol

ik
¸
n
ro

p
¸
n,

•
O
rÐ
zo

nt
a
i
g
ia

a
s
um

p
tw

ti
k
�
ep

Ðp
ed

o
uc

q
w
rì

q
ro

no
uc

s
to

�
p
ei
ro

a
p
ì

k
a
t�

ll
hl

o
{d

un
a
m
ik
ì
}
m
ès

w
a
na

dr
o
m
ik
 c

s
q
ès

hc
,

•
U
p
�
rq

o
un

dÔ
o
o
m
�
de

c
p
ol

up
ìl

w
n,

ta
p
ol

Ôp
ol

a
m
�
za

c
k
a
i
ta

p
ol

Ôp
ol

a
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c
p
er

is
tr

o
f
 c

,

•
G
ia

ti
c
dÔ

o
o
m
�
de

c
èq

o
un

dÔ
o
du

na
m
ik
�
p
o
u
p
a
r�

g
o
un

ta
p
ol

Ôp
ol

a
,
ta

du
na

m
ik
�

Φ
M

,
Φ

J
,

•
T
o
p
ol

Ôp
ol

o
t�

xh
c

n
de

n
eÐ
na

i
a
p
l�

h
n
-o
s
t 

p
a
r�

g
w
g
o
c
to

u
a
nt

Ðs
to

iq
o
u

du
na

m
ik
o
Ô,

ì
p
w
c
s
th

ne
ut

¸
ne

ia
p
er

Ðp
tw

s
h,

a
ll

�
èq

o
um

e
k
a
i
ep

ip
lè

o
n

s
un

ei
s
f
o
r�

a
p
ì
s
un

du
a
s
m
o
Ôc

q
a
m
hl

ì
te
rh

c
t�

xh
c
p
ol

up
ìl

w
n.

T
a
p
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Ôp
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a
s
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n
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Ðp
tw

s
h
tw

n
a
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k
�
s
um
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k
¸
n
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s
t�
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w
n

q
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ro
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rì
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n
a
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o
nt

a
i
a
p
ì
ta
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s
ti
k
èc

s
e
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j
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w
tè
c
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s
ì
th
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c
ex
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Ða
c
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c
a
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k
 c

s
um

m
et
rÐ
a
c.
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A
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o
Ð
q
w
rì

q
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i
g
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g
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o
ra

p
er

is
tr

ef
ì
m
en

o
uc

a
s
tè
re

c
ne

tr
on

Ðw
n.

T
o
19

76
o
i

B
u
tt

e
rw

o
rt

h
&

Ip
se

r
èg

ra
y
a
n
to

s
to

iq
eÐ
o
m
 k

o
uc

g
ia

èn
a
n
s
t�

s
im
o

k
a
i
a
xo

ni
k
�
s
um

m
et
ri
k
ì
q
w
rì

q
ro

no
6
(o

o
p
o
Ðo
c
di
èj

et
e
dÔ

o
p
ed

Ða
K

il
li
n
g
,
èn

a
q
ro

no
ei
dè

c
ξ

a
,
k
a
i
èn

a
q
w
ro

ei
dè

c
η

a
)

d
s2

=
−e

2
ν
d
t2

+
r
2
si
n

2
θ
B

2
e−

2
ν
(d

φ
−

ω
d
t)

2
+

e2
(ζ
−ν

) (
d
r
2
+

r
2
d
θ
2
),

O
i
m
et
ri
k
èc

s
un

a
rt

 s
ei
c
a
ut

o
Ô
to

u
q
w
ro

q
rì

no
u
èq

o
un

to
a
s
um

p
tw

ti
k
ì

a
n�

p
tu

g
m
a
:

ν
=

∞ ∑ l=
0

ν
2
l(

r
)P

2
l(

µ
),

ω
=

∞ ∑ l=
0

ω
2
l(

r
)P

2
l+

1
,µ
(µ

),

B
=

∞ ∑ l=
0

B
2
l(

r
)T

1
/
2

2
l

(µ
),

ì
p
o
u

P
l
eÐ
na

i
ta

p
ol

u¸
nu

m
a

L
e
g
e
n
d
re
,

µ
=

c
o
s
θ
,
k
a
i

T
1
/
2

l
eÐ
na

i
ta

p
ol

u¸
nu

m
a

G
e
g
e
n
b
a
u
e
r.

6
E
.
M

.
B
u
tt

e
rw

o
rt

h
a
n
d

J
.
R
.
Ip

se
r,

A
p
J

2
0
4
,
2
0
0

(1
9
7
6
).
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A
p
ì
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¸
s
ei
c
p
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Ðo
u
p
ro

k
Ôp

te
i
ì
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ta
p
a
ra

p
�
nw

a
s
um

p
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ti
k
�
a
na

p
tÔ

g
m
a
ta

a
n
g
ra

f
o
Ôn

a
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ti
k
�
èq
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un
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m
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rf
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=

{ −
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+
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0
M r
3

+
J
2

r
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+

[ −
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2 0 5
+
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2 2

1
5
−

1
2
J
2

5

]
M r
5

+
..

.}

+

{
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r
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−

2
J
2

r
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+
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..
]
1 r
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+
..

.}
P
2
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)

+
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4

r
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+
..

.}
P
4
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)
+

..
.

ω
=

{
2
J

r
3
−

6
J

M

r
4

+
6 5

[ 8
−

3
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0

M
2

]
J

M
2

r
5

+
(.

..
)

J r
6

+
..

.}
P
1
,µ
(µ

)

+
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2

r
5

+
(.

..
)
1 r
6
−

..
.}

P
3
,µ
(µ

)
+

..
.

B
=

( π 2

) 1
/
2

( 1
+

B̃
0

r
2

)
T

1
/
2

0
(µ

)
+

( π 2

) 1
/
2

B̃
2

r
4

T
1
/
2

2
(µ

)
+

..
.
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T
o
19

89
o
i

K
o
m

a
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u
,
E
ri
g
u
c
h
i,

&
H
e
c
h
is
u
7
èg

ra
y
a
n
to

Ðd
io

s
to

iq
eÐ
o
m
 k

o
uc

q
rh

s
im
o
p
o
i¸

nt
a
c
di
a
f
o
re

ti
k
èc

m
et
ri
k
èc

s
un

a
rt

 s
ei
c,

d
s2

=
−e

2
ν
d
t2

+
r
2
si
n
2

θ
e2

β
(d

φ
−

ω
d
t)

2
+

e2
α
(d

r
2
+

r
2
d
θ
2
).

ì
p
o
u
a
ut

èc
o
i
m
et
ri
k
èc

s
un

a
rt

 s
ei
c
s
q
et
Ðz
o
nt

a
i
m
e
ti
c

p
ro

hg
o
Ôm

en
ec

m
ès

w
tw

n
s
q
ès

ew
n,

ν
B
I
=

ν
K
E
H

=
ν
,

B
B
Ie
−ν

=
eβ

K
E
H

,
ζ B

I
=

ν
+

α
K
E
H
.

G
ia

th
n
ol

o
k
l 

rw
s
h
tw

n
ex

is
¸
s
ew

n
p
ed

Ðo
u
ei
s
 g

a
g
a
n
èn

a
n

di
a
f
o
re

ti
k
ì
a
lg

ì
ri
j
m
o
p
o
u
s
th

ri
zì

ta
n
s
th

q
r 

s
h
s
un

a
rt

 s
ew

n
G

re
e
n
.
O

k
¸
di
k
a
c

R
N
S
s
th

rÐ
ze

ta
i
s
e
a
ut

ì
n
to

n
a
lg

ì
ri
j
m
o
.

7
H
.
K

o
m

a
ts

u
,
Y
.
E
ri
g
u
c
h
i,

a
n
d

I.
H
e
c
h
is
u
,
M

N
R
A
S

2
3
7
,
3
5
5

(1
9
8
9
).
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O
i
p
a
ra

k
�
tw

s
un

du
a
s
m
o
Ð
tw

n
s
un

a
rt

 s
ew

n
ν
K
E
H

k
a
i

β
K
E
H
,

γ
=

ν
K
E
H

+
β
K
E
H

,
ρ

=
ν
K
E
H
−

β
K
E
H

,

m
a
zÐ

m
e
th

s
un

�
rt

hs
h

ω
m
p
o
ro

Ôn
na

ek
f
ra

s
to

Ôn
w
c
a
na

p
tÔ

g
m
a
ta

s
e
du

n�
m
ei
c

to
u

1
/
r
p
o
u
èq

o
un

th
m
o
rf

 :

ρ
=

∞ ∑ n
=

0

(−
2

M
2
n

r
2
n
+

1
+

a
n¸

te
re

c
t�

xe
ic

)P
2
n
(µ

),

ω
=

∞ ∑ n
=

1

(−
2

2
n
−

1

S
2
n
−1

r
2
n
+

1
+

a
n¸

te
re

c
t�

xe
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)
P

1 2
n
−1

(µ
)

si
n

θ
,

γ
=

∞ ∑ n
=

1

(
D

2
n
−1

r
2
n

+
a
n¸

te
re

c
t�

xe
ic

)
si
n
(2

n
−

1
)θ

si
n

θ
.

O
i
s
un

te
le

s
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c

M
2
n
k
a
i

S
2
n
−1
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n
p
a
ra

p
�
nw

a
na

p
tu

g
m
�
tw

n,
s
e
a
p
eu

j
eÐ
a
c

a
na

lo
g
Ða

m
e
th

ne
ut

¸
ne

ia
p
er

Ðp
tw

s
h,

j
ew

r 
j
hk

e
s
to

p
a
re
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ì
n
ì
ti

a
nt

is
to

iq
o
Ôs

a
n
s
ta

s
q
et
ik
is

ti
k
�
p
ol

Ôp
ol

a
th

c
m
�
za

c
k
a
i
th

c
s
tr

o
f
o
rm

 c
a
nt

Ðs
to

iq
a
.
S
ug

k
rÐ
no

nt
a
c
ti
c
p
a
ra

p
�
nw

ek
f
r�

s
ei
c
m
e
ti
c
a
nt

Ðs
to

iq
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ek
f
r�

s
ei
c
tw

n
B
I
bl

èp
o
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e
ì
ti

èq
o
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e
th

n
a
nt

is
to

iq
Ða

M
2
=
−ν̃

2
k
a
i

S
3
=

3 2
ω̃

2
.

A
ut

 
h
up

ì
j
es

h
de

n
 t

a
n
s
w
s
t 

.
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S
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ik
�
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Ôp
ol
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.
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o
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n
p
rì
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in
e
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n
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lg

ì
ri
j
m
o
g
ia

th
n
m
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rh

s
h
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n
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¸
n
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ì
c
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w
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u
a
p
ì
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n
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s
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