
����� ��

1



����
���
��������
��BESSEL���	���BESSEL��

2



��!�����().1��
��
��	*�—Bessel��

• Bessel*����	
• $*� = Bessel��
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– α!
�')"/,�Jα(J–α!1&*���
– α!
�n)-, J–n(x) = (–1)nJn(x)% -, �1���+
J–n'+��

– #*�*�1���+��1�Bessel��Yn(x)
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+ x2 −α 2( ) y = 0

Jα x( ) =
−1( )

m

m!Γ m+α +1( )m=0

∞

∑ x
2
⎛

⎝
⎜
⎞

⎠
⎟

2m+α

Yα x( ) =
Jα x( )cos απ( )− J−α x( )

sin απ( )
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Yl x( ) = Jl x( ) ln x −
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• Helmholtz
�� Δf + k2f = 0 !���
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http://www.natural-science.or.jp/article/20101108184753.php
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cos mcosθ( ) = J0 m( )+ 2 −1( )
n
J 2n m( )cos2nθ

n=1

∞

∑

sin mcosθ( ) = 2 −1( )
n+1
J 2n−1 m( )cos 2n−1( )θ

n=1

∞

∑
cos msinθ( ) = J0 m( )+ 2 J 2n m( )cos2nθ

n=1

∞

∑

sin msinθ( ) = 2 J 2n−1 m( )cos 2n−1( )θ
n=1

∞

∑
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f t( ) = Acos ωct +mcos pt( )
= A Jn m( )cos ωc + np( ) t + nπ2
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rotH = j + ∂D
∂t

H���j���D����,
�$�,�%����)� 

D = εE ε���, E��
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rotE = −∂B
∂t

B���	,

B = µH

μ��
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• ���� (A)

• (F)
• (A)	������
�

• (F)	rot��
�
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rotH = j +ε ∂E
∂t

rotE = −µ ∂H
∂t

∂
∂t
rotH =

∂j
∂t
+ε

∂2E
∂t2

rot rotE( ) = grad divE( )−∇2E = −µ ∂
∂t
rotH( )

(A1)

(F1)



• (F1)(Gauss)�� (ρ��
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• 	��(���+��+' ��2�!*�
�3-�!,&�ρ = 0, j = 0. 
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divE = 1
ε
ρ

1
ε
gradρ −∇2E = −µ ∂j

∂t
−εµ

∂2E
∂t2

εµ
∂2E
∂t2

=∇2E
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c = 1
εµ

E = E x, y, z,t( ) = E0 x, y, z( )exp − jωt( )
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−
ω 2

c2
E0 x, y, z( )exp − jωt( ) = exp − jωt( )∇2E0 x, y, z( )

∇2E0 + k
2E0 x, y, z( ) = 0

(k = ω/c, �
)


