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⇠n = xn
a

� n P0 = a

a�b
l0 =

q
ka2

2W0

n

⇠n�1 � 2⇠n + ⇠n+1 =
⇡

2l20
sin(2⇡⇠n)



⇠n P0 l
2
0

⇠2 ⇠3 ⇠4 ⇠0 = 0 ⇠1 �1
4  ⇠1 < 0

⇡ sin(2⇡⇠1)

l20

= �(1 + 4⇠1)

W (x)

W

⇠n

n ⇠n

d
2
⇠

du2
=

⇡

2l20
sin(2⇡⇠)

⇠n = ⇠(u = n)
l0

✓
d⇠

du

◆2

=
1

2l20
(1� cos(2⇡⇠)) + �

2

� ⇣
d⇠

du

⌘2
⇠ = 0

� = 0 ⇠

W

b < a ⇠ = �1
2 u = 0

⇠(u) = � 2

⇡
(e⇡u/l0)

d⇠

du
=

1

l0
sin(⇡⇠)

⇠(u) d⇠

du

� b < a

⇠(u)
d⇠

du

u

t(u) = ka

⇢
d⇠

du
+

1

P0

�

�

t(u) ⇡ ka

⇢
�
����
sin(⇡⇠)

l0

����+
1

P0

�

t ⇠



⇠(u) � % 0 ⇠(u) = �1
2 u = 0

⇠(u)

⇠0

⇠ ⇠0 ⇠0 � 1
�

Wop = ka
2

✓
2

⇡l0
� 1

P0

◆

a� b



a0

a0

EI a0 "0 e

EI

✓

M

~ur

~u✓

z

O

N

e

e•

•

•

r

a0

✓

M

~ur

~u✓

z

O•

r

~p

•

~p1

O

N (Oz)
��!
ON = �a0~uz a0

~p1 = p1~uz

p1

p1

M r ✓

r � a0

V1(r, ✓) ~p1 M

p1 r ✓

�!
E 1 M

�!
E 1(M) =

1

4⇡"0r3
[3(~p1.~ur)~ur � ~p1] .

r E1



M q

q ~p1 O

~p2

Edip�dip = �~p2.
~E1(M) = �~p1.

~E2(O)

~E1(M) M ~p1
~E2(O)

O ~p2

✓1 ✓2 ~uz ~p1

~p2 ' ~uz ~p1 ~uz ~p2

~p1 ~p2

Edip�dip = � p1p2

4⇡✏0r3
[2 cos ✓1 cos ✓2 � sin ✓1 sin ✓2 cos']

z

O1•

•
O2

~p1

✓1

~p2

✓2

'

↵

↵

q1 O

↵ M

~Fp2!q1 q1 ~p2

M



E = �1

2
↵✏0E

2
1(M)

~E1(M) M

q1 ~p1

~p1

M ~E1(M)
~p1 M

~p1 O M

Edip�ind = � ↵

2✏0

p
2
1

(4⇡r3)2
⇥
1 + 3 cos2 ✓

⇤

✓ ~p1 OM

~p1 ↵ ⇡ 4⇡a30

Edip�ind,H�H = �2EI

⇣
a0

r

⌘6

EI

O1 O2

O1 z (O1O2) O1O2

r (x1, y1, z1)
(x2, y2, r + z2)

O2M2 O1M1 r

�K
���!
O1M1 �K

���!
O2M2

K ↵ K = e
2

↵✏0

�!
F p1!e2

x1
r

y1
r

z1
r

x2
r

y2
r

z2
r

(
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