
������� ��� 	
���

 ���
�

� ��� ����

�������� �	��
���� �
���
�� � ���� ���� ���	
�� ��
��
�� �� �������� ��������
��� µ ��� �����
��
�	� a ��
 �	��� ��
�	� b ��
 �� �������
 �� ��� z������ ��� ���� ��� ��
��
��� ����� �� � 	������ ��������
��

 H = H0x̂� ���
 ��� �������� ��
	����� B �� �

 ������

�� �� ���������� �� �����
	�� ��
��
����
 ����
������ ��
 	��� ��������

ρ =
√

x2 + y2

θ = tan−1(y/x)
ρ̂ = (xx̂ + yŷ)/ρ

θ̂ = (−yx̂ + xŷ)/ρ.
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�∇ΦM (ρ, θ, z) =
[
ρ̂

∂

∂ρ
+ θ̂

1
ρ

∂

∂θ
+ ẑ

∂

∂z

]
ΦM (ρ, θ, z)

∇2ΦM (ρ, θ, z) =
[
1
ρ

∂

∂ρ
ρ

∂

∂ρ
+

1
ρ2

∂2

∂θ2
+

∂2

∂z2

]
ΦM (ρ, θ, z)
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 B �� ����� �� � ���
�� �������� ��������
 ΦM �

H = ∇ΦM

B =

⎧⎨
⎩

µ0H for ρ < a
µH for a < ρ < b
µ0H for b < ρ

∇2ΦM = 0, for ρ < a and b < ρ

ρ̂ · B continuous

θ̂ · H continuous
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ΦM (ρ, θ, z) = R(ρ)Θ(θ)Z(z)
Z(z) = 1

∇2ΦM =
[
1
ρ

∂

∂ρ
ρ

∂

∂ρ
+

1
ρ2

∂2

∂θ2
+

∂2

∂z2

]
R(ρ)Θ(θ)

=
[
1
ρ

∂

∂ρ
ρ

∂

∂ρ
+

1
ρ2

∂2

∂θ2

]
R(ρ)Θ(θ)

1
Θ(θ)

∂2

∂θ2
Θ(θ) = − 1

R(ρ)

[
ρ

∂

∂ρ
ρ

∂

∂ρ

]
R(ρ) = λ

)
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Θm(θ) = eimθ, e−imθ m = 0, 1, 2, . . .

λm = −m2[
ρ

∂

∂ρ
ρ

∂

∂ρ

]
Rm(ρ) = −λmRm(ρ)

R0(ρ) = ln(ρ/ρ0)
Rm(ρ) = ρm, ρ−m, m = 1, 2, . . .
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ΦM (ρ, θ) = Φ0 ln(ρ/ρ0)

+
∞∑

m=1

[
cos(mθ)

(
amρm + bmρ−m

)
+ sin(mθ)

(
cmρm + dmρ−m

)]
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H(ρ, θ) → H0x̂ = H0(ρ̂ cos θ − θ̂ sin θ) as ρ → ∞

��	������ ��� ������ �� ��
� ��� m = 1������ �	���������� �����H �� ����� �� �������� !� ���� ���� ��� ρ1��

ρ−1������ *� ��� ��������
� H �	�� �� ����� �� ��� ������� �� ��� ρ < a !� ���� ��
� ��� ρ cos(θ)�����
*	� ����
 ��
	���� ���

ΦM (ρ, θ) =

⎧⎨
⎩

H3ρ cos θ, for ρ < a[
H1ρ + H−1ρ

−1
]
cos θ, for a < ρ < b[

H0ρ + H2ρ
−1

]
cos θ, for b < ρ

H = ∇ΦM

=

⎧⎪⎨
⎪⎩

H3

[
ρ̂ cos θ − θ̂ sin θ

]
, for ρ < a

ρ̂
[
H1 − H−1ρ

−2
]
cos θ − θ̂

[
H1 + H−1ρ

−2
]
sin θ, for a < ρ < b

ρ̂
[
H0 − H2ρ

−2
]
cos θ − θ̂

[
H0 + H2ρ

−2
]
sin θ, for b < ρ
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θ̂ · H(ρ = a − ε, θ) = θ̂ · H(ρ = a + ε, θ)

θ̂ · H(ρ = b − ε, θ) = θ̂ · H(ρ = b + ε, θ)
H3 = H1 + H−1a

−2 ")#

H1 + H−1b
−2 = H0 + H2b

−2 ",#

ρ̂ ·B(ρ = a − ε, θ) = ρ̂ ·B(ρ = a + ε, θ)
ρ̂ · B(ρ = b − ε, θ) = ρ̂ ·B(ρ = b + ε, θ)

µ0H3 = µ
[
H1 − H−1a

−2
]

"-#

µ
[
H1 − H−1b

−2
]

= µ0

[
H0 − H2b

−2
]
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µ

µ0

[
H1 − H−1b

−2
]

=
[
H0 − H2b

−2
]

H1

[
1 +

µ

µ0

]
+ H−1

[
1 − µ

µ0

]
b−2 = 2H0

µ

µ0

[
H1 − H−1a

−2
]

=
[
H1 + H−1a

−2
]

,



H1

[
µ

µ0
− 1

]
= H−1a

−2

[
µ

µ0
+ 1

]

H1

[
1 +

µ

µ0

]
− a2

b2
H1

[
µ

µ0
− 1

]2 /[
1 +

µ

µ0

]
= 2H0

2H0 [µ/µ0 + 1]
[1 − (a/b)2] [1 + (µ/µ0)2] + 2(µ/µ0) [1 + a2/b2]

= H1

2H0 [µ/0 − 1] a2

[1 − (a/b)2] [1 + (µ/µ0)2] + 2(µ/µ0) [1 + a2/b2]
= H−1

4H0 [µ/µ0]
[1 − (a/b)2] [1 + (µ/µ0)2] + 2(µ/µ0) [1 + a2/b2]

= H3

−H0

[
b2 − a2

] [
(µ/µ0)2 − 1

]
[1 − (a/b)2] [1 + (µ/µ0)2] + 2(µ/µ0) [1 + a2/b2]

= H3
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H3

H0
= 4

µ0/µ

[1 − (a/b)2] [1 + (µ0/µ)2] + 2(µ0/µ) [1 + a2/b2]

→ 4µ0/µ

[1 − (a/b)2]
for µ0/µ � 1
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