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1 � ��yz�
�28JT
 Dirac aR8!=��pv�8x�j�
B

dy

dx
+ P (x)y = λy, (1)

M1(y) = a1y2(π) + a2y1(π) + a3y2(0) + a4y1(0) = 0, (2)

M2(y) = b1y2(π) + b2y1(π) + b3y2(0) + b4y1(0) = 0, (3)<�
y = (y1, y2)

T, B =

(

0 1
−1 0

)

, P (x) =

(

−p(x) 0
0 −r(x)

)

.CI r(x), p(x) W [0, π] O8RZ[� ai, bi w#[�uLaRj8uLaR8��,&lU R2�i�t�, [1−3] �
I.^L�8Z*�8B[F���uLaR80Pj>F8pa�~�7�C�P���~I'e6��J�8Æ=�,I�}0C5�d.j>FD℄:0A}�5`D℄�nÆ=8j�j>F8D,g�A$Z[:0Æ=8d.D�ORSD℄�j>F8M,g�A$Z[:0Æ=8d.M�ORSD℄�VRO�}0.Q����C50P8j>Ff=��CHW�uLaR�8L�l�o�w�j�WCx��i�
L.M. Gelfand ℄ B.M. Levitan 8 1953 :e6$&� Sturm-liouvill {m [4] 8jRS�

−y′′ + q(x)y = λy, y(0) = y(π) = 0,

∞
∑

n=0

(λn − n2 −
1

π

∫ π

0

q(x)dx) =
q(0) + q(π)

4
−

1

2π

∫ π

0

q(x)dx.�j��: 2005-07-01; u���: 2006-07-02pw��: Xs 973 �6 (2005CB321700).
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`�W0jRS8�
(�$"�&8,y [4,5],1W�<ÆHE�9*0JT
8F��1981:� {AJT
8 Sturm-Liouville aR8x�j63$^\8�Y [6], �l($)[8HE�fO��*<$aR℄"PiL_:S�zuLaRj8paQ
w5Æ�)Z[8d+WO8pa��y}0z�*<$aRl)[HE63OZJT
 Dirac aR8x�j�
2 Cauchy ��v
tx�( A1 = B d

dx
+ P (x), :{m

A1y = λy, y1(0) = cosβ, y2(0) = − sinβ8� ϕ(x) ��Uw
ϕ(x) = R(x)f(x) +

∫ x

0

K(x, s)f(s)ds, (4)CI f(x) W (B1y = λy, y1(0) = cosα, y2(0) = − sinα) 8��<� B1 = B d
dx

,

R(x) =

(

cos(1
2

∫ x

0 [q(ξ) + r(ξ)]dξ + α− β) − sin(1
2

∫ x

0 [q(ξ) + r(ξ)]dξ + α− β)
− sin(1

2

∫ x

0 [q(ξ) + r(ξ)]dξ + α− β) cos(1
2

∫ x

0 [q(ξ) + r(ξ)]dξ + α− β)

)

.

K(x, s) =
1

2
[H(x+ s) +BH(x+ s)B] +

1

2
[H(x− s) −BH(x − s)B] +

1

2

∫ x+s

x

(−BG(t,

x+ s− t) +G(t, x + s− t)B)dt+
1

2

∫ x

x−s

(G(t, t− x+ s)B −BG(t, t− x+ s))dt,

H(x) = K(x, 0), G(x, t) = −P (x)K(x, t)( β = 0, z (4) L�iL�63/V'Fpv (ϕ1(0) = 1, ϕ2(0) = 0) 8� ϕ(x) A λ 8x�S
ϕ1(x) = cos(η(x)) +

1

λ
K1(x, λ) +

1

λ2
K2(x, λ) +O(

e|τ |x

λ3
), (5)

ϕ2(x) = sin(η(x)) +
1

λ
T1(x, λ) +

1

λ2
T2(x, λ) +O(

e|τ |x

λ3
), (6)CI η(x) = 1

2

∫ x

0
A(s)ds+ λx− α, σ(x) = 1

2

∫ x

0
A(s)ds+ λx+ α,

K1(x, λ) =
1

4
cos(σ(x))B(0) −

1

4
cos(η(x))B(x) +

1

8
sin(η(x))

∫ x

0

B2(s)ds,

K2(x, λ) =
1

8
sin(η(x))B′(x) +

1

8
sin(σ(x))B′(0) +

1

8
cos(η(x))A(x)B(x) −

1

8
cos(σ(x))A(0)B(0)+

1

16
cos(η(x))B2(0) −

1

16
cos(σ(x))B(0)B(x) +

1

16
cos(η(x))

∫ x

0

B′(s)B(s)ds−

1

16

∫ x

0

A(s)B2(s)ds sin(η(x)) +
1

32
sin(σ(x))

∫ x

0

B2(s)dsB(0) −
1

32
sin(σ(x))B(x)−

1

128
cos(η(x))(

∫ x

0

B2(s)ds)2,
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T1(x, λ) =
1

4
sin(η(x))B(0) +

1

4
sin(σ(x))B(x) −

1

8
cos(η(x))

∫ x

0

B2(s)ds,

T2(x, λ) =
1

8
cos(η(x))B′(x) −

1

8
cos(σ(x))B′(0) −

1

8
sin(η(x))A(x)B(x) −

1

8
sin(σ(x))A(0)B(0)+

1

16
sin(η(x))B2(0) +

1

16
sin(η(x))B(0)B(x) +

1

16
sin(η(x))

∫ x

0

B′(s)B(s)ds+

1

16

∫ x

0

A(s)B2(s)ds cos(η(x)) −
1

32
cos(η(x))

∫ x

0

B2(s)dsB(0) −
1

32
cos(σ(x))B(x)−

1

128
sin(η(x))(

∫ x

0

B2(s)ds)2.( β = −π
2 , z (4) SL�iL�63/V'Fpv (ψ1(0) = 1, ψ2(0) = 0) 8� ψ(x) A λ 8x�S

ψ1(x) = − sin(η(x)) +
1

λ
M1(x, λ) +

1

λ2
M2(x, λ) +O(

e|τ |x

λ3
), (7)

ψ2(x) = cos(η(x)) +
1

λ
N1(x, λ) +

1

λ2
N2(x, λ) +O(

e|τ |x

λ3
), (8)CI

M1(x, λ) = −
1

4
sin(σ(x))B(0) +

1

4
sin(η(x))B(x) +

1

8
cos(η(x))

∫ x

0

B2(s)ds,

M2(x, λ) =
1

8
cos(η(x))B′(x) +

1

8
cos(σ(x))B′(0) −

1

8
sin(η(x))A(x)B(x)+

1

8
sin(σ(x))A(0)B(0) −

1

16
sin(η(x))B2(0) +

1

16
sin(σ(x))B(0)B(x)−

1

16
sin(η(x))

∫ x

0

B′(s)B(s)ds −
1

16

∫ x

0

A(s)B2(s)ds cos(η(x))+

1

32
cos(σ(x))

∫ x

0

B2(s)dsB(0) −
1

32
cos(σ(x))B(x) +

1

128
sin(η(x))(

∫ x

0

B2(s)ds)2,

N1(x, λ) =
1

4
cos(η(x))B(0) +

1

4
cos(σ(x))B(x) +

1

8
sin(η(x))

∫ x

0

B2(s)ds,

N2(x, λ) = −
1

8
sin(η(x))B′(x) +

1

8
sin(σ(x))B′(0) −

1

8
cos(η(x))A(x)B(x)−

1

8
cos(σ(x))A(0)B(0) +

1

16
cos(η(x))B2(0) +

1

16
cos(η(x))B(0)B(x)+

1

16
cos(η(x))

∫ x

0

B′(s)B(s)ds −
1

16

∫ x

0

A(s)B2(s)ds sin(η(x))+

1

32
sin(η(x))

∫ x

0

B2(s)dsB(0) +
1

32
sin(σ(x))B(x) −

1

128
cos(η(x))(

∫ x

0

B2(s)ds)2.!��*?/8HE�G( ϕ(x), ψ(x) 8x�S�wu
pa��yt� ∫ π

0 (q(ξ) + r(ξ))dξ + β − α = 0.

3 \���
i|}0X�AJT
 Dirac aR8!=�F{m (1)–(3) ���pv��L��



634 \ � � � 3 > - 27�P (1) 8r�w y = c1ϕ + c2ψ, CI ϕ = (ϕ1, ϕ2)
T, ψ = (ψ1, ψ2)

T W Cauchy {m8!P��~W8��/L (2)(3), �C (1)–(3) 8j>F,�2�Z[8'=���
ω(λ) =

∣

∣

∣

∣

M1(ϕ) M1(ψ)
M2(ϕ) M2(ψ)

∣

∣

∣

∣

= D13ϕ2(π) +D23ϕ1(π) +D41ψ2(π) +D42ϕ1(π) +D21 +D43, (9)CI Dik =

∣

∣

∣

∣

ai ak

bi bk

∣

∣

∣

∣

, z ϕ1, ϕ2, ψ1, ψ2 8�-S (5)–(8) /L6
ω(λ) =(D13 −D42) sinλπ + (D23 +D41) cosλπ +D21 +D43+

1

4λ
sinλπ(B(π) +B(0))(D13 +D42) +

1

4λ
cosλπ(B(0) −B(π))(D23 −D41)+

1

8λ
sinλπ

∫ π

0

B2(s)ds(D23 +D41) +
1

8λ
cosλπ

∫ π

0

B2(s)ds(D42 −D13)+

1

λ2
[
1

8
cosλπ(B′(π) −B′(0)) −

1

8
sinλπ(A(π)B(π) +A(0)B(0))−

1

32
cosλπ

∫ π

0

B2(s)ds(B(π) +B(0))(D13 +D42)+

1

λ2
[
1

8
sinλπ(B′(π) +B′(0)) +

1

8
cosλπ(A(π)B(π) −A(0)B(0))+

1

32
sinλπ

∫ π

0

B2(s)ds(B(0) −B(π))(D23 −D41)+

1

λ2
[
1

16
cosλπ(B2(0) −B(0)B(π)) +

1

16
cosλπ

∫ π

0

B′(s)B(s)ds−

1

16
sinλπ

∫ π

0

B2(s)A(s)ds −
1

128
cosλπ(

∫ π

0

B2(s)ds)2](D23 +D41)+

1

λ2
[
1

16
sinλπ(B2(0) +B(0)B(π)) +

1

16
sinλπ

∫ π

0

B′(s)B(s)ds+

1

16
cosλπ

∫ π

0

B2(s)A(s)ds −
1

128
sinλπ(

∫ π

0

B2(s)ds)2](D13 −D42) +O(
e|τ |x

λ3
).,0Q�8�[ Dij �� ω(λ) I λ 8�[��*}0YJ�L��_� �n	bgz

D13 −D42 D23 +D41 D13 D42 D23 D41 D13 +D42 D23 −D41

I ∗ ∗ ∗
II ∗ ∗ ∗
III ∗ 0 ∗ ∗
IV ∗ 0 0 0
V 0 ∗ ∗
VI 0 ∗ ∗
VII 0 0 ∗ ∗
VIII 0 0 ∗ ∗ 0 0
IX 0 0 0 0 0 0 0 0CI ∗ �UdU8#�w'� 0 �Uw'���8�O�U�&w'�!�&�w'��O�I8L��CI; (IX) � ω(λ) w#[�%w<GF��C1	�L�w�
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I. αy2(π) + y1(π) + γy1(0) = 0, βy2(π) + y2(0) + δy1(0) = 0, α+ δ 6= 0, 1 + βγ − δα 6= 0;

II. αy1(π) + γy2(0) + y1(0) = 0, y2(π) + βy1(π) + δy2(0) = 0, γ + β 6= 0, 1 + αδ − δγ 6= 0;

III. βy1(π) + αy2(0) − y1(0) = 0, βy2(π) + y2(0) + γy1(0) = 0, (γ − α)β 6= 0;

IV. y2(π) + βy1(0) = 0, y1(π) + αy2(0) = 0, α 6= β;

V. αy2(π) + y1(π) − βy1(0) = 0, γy2(π) − αy1(0) + y2(0) = 0, 1 + α2 + βγ 6= 0;

VI. −αy2(0) + y1(0) + βy1(π) = 0, y2(π) + αy1(π) + γy2(0) = 0, 1 + α2 + βγ 6= 0;

VII. βy1(π) − αy2(0) − y1(0) = 0, βy2(π) + y2(0) − αy1(0) = 0, β 6= 0;

VIII. y2(π) + αy1(0) = 0, y1(π) + αy2(0) = 0, α) 6= 0,

α, β, γ, δ WN#[�MA��pv
W (V) f (VI) I α = 0, β = −1, γ = −1 Q8F��
4 qk�}0�A�� (I) Y
�8�
�A�� (I), z��pv/L ω(λ), 63

ω(λ) =(α + δ) sinλπ + (1 + βγ − δα) cosλπ + β + γ+

1

4λ
cosλπ(B(0) −B(π))(1 − γβ + δα) −

1

8λ
(α+ δ)

∫ π

0

B2(s)ds cosλπ+

1

8λ
sinλπ(1 + βγ − δα)

∫ π

0

B2(s)ds+O(
e|τ |x

λ2
).: ω(λ) 8O�w

ω0(λ) = (α+ δ) sinλπ + (1 + βγ − δα) cosλπ + β + γ = A[sinπ(λ + θ1) − sin θ2π],CI A =
√

(α + δ)2 + (1 + βγ − δα)2, cos θ1π = α+δ
A

, sin θ2π = −β+γ
A

, θ1, θ2 wN[�E
−1 ≤ Reθ1 < 1, 0 ≤ Reθ2 ≤ 1

2 f −1 ≤ Reθ2 ≤ − 1
2 .

ω0(λ) 8'=w� λ1 = θ2 − θ1 + 2n, λ2 = 1 − θ2 − θ1 + 2n (n = 0,±1, . . .), 8<�0RN8!pE�O|"L��( M
(1)
1 = (B(π) + B(0))(α − δ), M

(1)
2 = (B(0) − B(π))(1 − γβ + αδ), M

(1)
3 = (α +

δ)
∫ π

0
B2(s)ds, M

(1)
4 = (1 + βγ − δα)

∫ π

0
B2(s)ds, :

ω(λ)

ω0(λ)
= 1 +

1

4λ
[
M

(1)
1 sinλπ

ω0(λ)
+
M

(1)
2 cosλπ

ω0(λ)
−
M

(1)
3 cosλπ

2ω0(λ)
+
M

(1)
4 sinλπ

2ω0(λ)
] +O(

e|τ |π

λ2ω0(λ)
) (10)I'B3��} 1 r λ = σ + iτ . 2 0 ≤ Reθ2 ≤ 1

2 Q�Hd+ CN : σ1 = −Reθ1 + 1 + 2N ,

σ2 = −Reθ1 − 1 − 2N , τ1 = N , τ2 = −N (N = 0, 1, 2, . . .); 2 −1 ≤ Reθ2 ≤ − 1
2 Q�Hd+

CN : σ1 = −Reθ1 + 2N , σ2 = −Reθ1 − 2 − 2N , τ1 = N , τ2 = −N (N = 0, 1, 2, . . .), 8 CN O�
sin λπ
ω0(λ) ,

cos λπ
ω0(λ) , e|τ|π

λ2ω0(λ) .���� 1 2 N &L.Q� ω(λ) 2 ω0(λ) 8 CN 8.	sP[8'=��� , (10) Sl(� 1 C�
ω(λ)

ω0(λ)
= 1 +

1

4λ
[
M

(1)
1 sinλπ

ω0(λ)
+
M

(1)
2 cosλπ

ω0(λ)
−
M

(1)
3 cosλπ

2ω0(λ)
+
M

(1)
4 sinλπ

2ω0(λ)
] +O(

1

N2
)



636 \ � � � 3 > - 27�2 N &L.Q�8 CN O. | ω(λ)
ω0(λ) − 1| < 1. . Rouché ��6B�e} 1 A{m (I):

1). 2 sin θ1π 6= sin θ2π, |Reθ2| 6=
1
2 Q�.

∞
∑

−∞

[λn + 2θ1 − 1 − (
M

(1)
4

8A
+
M

(1)
1

4A
)(

sin(θ1 + θ2)π

π(1 − θ1 − θ2 + 2n) cos θ2π
−

sin(θ2 − θ1)π

π(θ2 − θ1 + 2n) cos θ2π
)−

(
M

(1)
2

4A
−
M

(1)
3

8A
)](

cos(θ2 − θ1)π

π(θ2 − θ1 + 2n) cos θ2π
+

cos(θ2 + θ1)π

π(1 − θ2 − θ1 + 2n) cos θ2π
)]

= −(−
M

(1)
3

8A
+
M

(1)
2

4A
)

1

sin θ1π − sin θ2π
;

2). 2 sin θ1π = sin θ2π, |Reθ2| 6=
1
2 Q�.

∞
∑

−∞

[λn + 2θ1 − 1 − (
M

(1)
4

8A
+
M

(1)
1

4A
)(

sin(θ1 + θ2)π

π(1 − θ1 − θ2 + 2n) cos θ2π
−

sin(θ2 − θ1)π

π(θ2 − θ1 + 2n) cos θ2π
)+

(
M

(1)
2

4A
−
M

(1)
3

8A
)](

cos(θ2 − θ1)π

π(θ2 − θ1 + 2n) cos θ2π
+

cos(θ2 + θ1)π

π(1 − θ2 − θ1 + 2n) cos θ2π
)] = 0;

3). 2 sin θ1π 6= sin θ2π, |Reθ2| = 1
2 , Imθ2 = 0 Q�.

∞
∑

−∞

[2λn + 2θ1 − 2θ2 − (
M

(1)
4

8A
+
M

(1)
1

4A
)(

2 sin θ1π

π(2n− θ1 + θ2)
−

2 sin(θ2 − θ1)π

π2(θ2 − θ1 + 2n)2 sin θ2π
)−

(
M

(1)
2

4A
−
M

(1)
3

8A
)](

2 sin(θ2 − θ1)π

π(θ2 − θ1 + 2n) sin θ2π
+

2 sin θ1π

π2(θ2 − θ1 + 2n)2
)]

= (−
M

(1)
3

8A
+
M

(1)
2

4A
)

1

sin θ1π − sin θ2π
;

4). 2 sin θ1π = sin θ2π, |Reθ2| = 1
2 , Imθ2 = 0 Q�.

∞
∑

−∞

[2λn − (
M

(1)
4

8A
+
M

(1)
1

4A
)
sin θ1π

πn
+

sin θ1π

2π2n2
(
M

(1)
2

4A
−
M

(1)
3

8A
)] = ±2(−

M
(1)
3

8A
+
M

(1)
2

4A
).�� ,4m 1, 2 N &L.Q�A�28_:S� CN Zd+iL�

λ[
ω′(λ)

ω(λ)
−
ω′

0(λ)

ω0(λ)
] = − ln

ω(λ)

ω0(λ)
+

d

dλ
[λ ln

ω(λ)

ω0(λ)
],

ln ω(λ)
ω0(λ) � CN w0F��Z[�V/�8;D�8iLw'�

ln
ω(λ)

ω0(λ)
=

1

4λ
[
M

(1)
1 sinλπ

ω0(λ)
+
M

(1)
2 cosλπ

ω0(λ)
−
M

(1)
3 cosλπ

2ω0(λ)
+
M

(1)
4 sinλπ

2ω0(λ)
] +O(

1

N2
)�*)[���n6B�*�_8HE63CgoJ��8jRS�<�}0H&(�� (II), (III), (IV)8jRS�e} 2 A{m (II)
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1). 2 sin θ1π 6= sin θ2π, |Reθ2| 6=
1
2 Q�.

∞
∑

−∞

[λn + 2θ1 − 1 − (
M

(2)
4

8A
+
M

(2)
1

4A
)(

sin(θ1 + θ2)π

π(1 − θ1 − θ2 + 2n) cos θ2π
−

sin(θ2 − θ1)π

π(θ2 − θ1 + 2n) cos θ2π
)−

(
M

(2)
2

4A
+
M

(2)
3

8A
)](

cos(θ2 − θ1)π

π(θ2 − θ1 + 2n) cos θ2π
+

cos(θ2 + θ1)π

π(1 − θ2 − θ1 + 2n) cos θ2π
)]

= −(
M

(2)
3

8A
+
M

(2)
2

4A
)

1

sin θ1π − sin θ2π
;

2). 2 sin θ1π = sin θ2π, |Reθ2| 6=
1
2 Q�.

∞
∑

−∞

[λn + 2θ1 − 1 − (
M

(2)
4

8A
+
M

(2)
1

4A
)(

sin(θ1 + θ2)π

π(1 − θ1 − θ2 + 2n) cos θ2π
−

sin(θ2 − θ1)π

π(θ2 − θ1 + 2n) cos θ2π
)+

(
M

(2)
2

4A
+
M

(2)
3

8A
)](

cos(θ2 − θ1)π

π(θ2 − θ1 + 2n) cos θ2π
+

cos(θ2 + θ1)π

π(1 − θ2 − θ1 + 2n) cos θ2π
)] = 0;

3). 2 sin θ1π 6= sin θ2π, |Reθ2| = 1
2 , Imθ2 = 0 Q�.

∞
∑

−∞

[2λn − 2θ1 − 2θ2 − (
M

(2)
4

8A
+
M

(2)
1

4A
)(

2 sin θ1π

π(2n− θ1 + θ2)
−

2 sin(θ2 − θ1)π

π2(θ2 − θ1 + 2n)2 sin θ2π
)−

(
M

(2)
2

4A
+
M

(2)
3

8A
)](

2 sin(θ2 − θ1)π

π(θ2 − θ1 + 2n) sin θ2π
+

2 sin θ1π

π2(θ2 − θ1 + 2n)2
)]

= (
M

(2)
3

8A
+
M

(2)
2

4A
)

1

sin θ1π − sin θ2π
;

4). 2 sin θ1π = sin θ2π, |Reθ2| = 1
2 , Imθ2 = 0 Q�.

∞
∑

−∞

[2λn − (
M

(2)
4

8A
+
M

(2)
1

4A
)
sin θ1π

πn
+

sin θ1π

2π2n2
(
M

(2)
2

4A
+
M

(2)
3

8A
)] = ±2(

M
(2)
3

8A
+
M

(2)
2

4A
),CI A =

√

(β + γ)2 + (1 − βγ + δα)2, cos θ1π = −α+δ
A

, sin θ2π = −α+δ
A

, θ1, θ2 wN[�E
−1 ≤ Reθ1 < 1, 0 ≤ Reθ2 ≤ 1 f −1 ≤ Reθ2 ≤ − 1

2 .( M
(2)
1 = (B(π) + B(0))(β − γ), M

(2)
2 = (B(0) − B(π))(−1 − γβ + αδ), M

(2)
3 = (β +

γ)
∫ π

0
B2(s)ds, M

(2)
4 = (1 − βγ + δα)

∫ π

0
B2(s)ds.e} 3 A{m (III)

1). 2 0 ≤ Reθ ≤ 1
2 f −1 ≤ Reθ ≤ − 1

2 Q�.
∞
∑

−∞

[λn−1+
M

(3)
1 sin θπ

4Aπ cos θπ

1 + 2θ

(2n− θ)(2n+ 1 + θ)
+

2M
(3)
2 +M

(3)
3

8Aπ

1 + 4n

(2n− θ)(2n+ 1 + θ)
] = −

2M
(3)
2 +M

(3)
3

8A sin θπ
;

2). 2 |Reθ| = 1
2 Q�.

∞
∑

−∞

[2λn + 2θ −
M

(3)
1

2Aπ2

1

(2n− θ)2
+

2M
(3)
2 +M

(3)
3

2Aπ(2n− θ)
] = −

2M
(3)
2 +M

(3)
3

8A sin θπ
,



638 \ � � � 3 > - 27�CI A = (γ − α)β, sin θπ = β2−1−αγ
(γ−α)β , θ wN[�E 0 ≤ Reθ ≤ 1

2 f −1 ≤ Reθ ≤ − 1
2 . (

M
(3)
1 = (B(π) +B(0))(α + γ)β, M

(3)
2 = (B(0) −B(π))2β, M

(3)
3 = (α− γ)β

∫ π

0
B2(s)ds.e} 4 A{m (IV)

1). 2 0 ≤ Reθ ≤ 1
2 f −1 ≤ Reθ ≤ − 1

2 Q�.
∞
∑

−∞

[λn − 1 +
M

(4)
1 sin θπ

4Aπ cos θπ

1 + 2θ

(2n− θ)(2n+ 1 + θ)
+
M

(4)
2

8Aπ

1 + 4n

(2n− θ)(2n+ 1 + θ)
] = −

M
(4)
2

8A sin θπ
;

2). 2 |Reθ| = 1
2 Q�

∞
∑

−∞

[2λn + 2θ +
M

(4)
1

2Aπ2

1

(2n− θ)2
+

M
(4)
2

2Aπ(2n− θ)
] = −

M
(4)
2

8A sin θπ
,CI A = α− β, sin θπ = αβ−1

A
. ( M

(4)
1 = (B(π) +B(0))(α+ β), M

(4)
2 = (β − α)

∫ π

0 B2(s)ds.`y���
[1] �!|�vMbS9k [J]. \��;� 1989, 18(2): 170–178.

CAO Ce-wen. Traces of differential operators [J]. Adv. in Math. (Beijing), 1989, 18(2): 170–178. (in Chinese)
[2] CAO Ce-wen. Nonlinearization of the lax system for AKNS hierarchy [J]. Sci. China Ser. A, 1989, 27(7):

701–707.
[3] �1K��N Sturm-Liouvill k?G|n9kST [J]. \������ 1992, 12(3): 303–307.

LI Meng-ru. Trace identities for eigenvalues of the discrete Sturm-Liouville problem [J]. Acta Math. Sci.,
1992, 12(3): 303–307. (in Chinese)

[4] LEVITAN B M, SARGSJAN I S. Sturm-Liouville and Dirac Operators [M]. Kluwer Academic Publishers
Group, Dordrecht, 1991.

[5] ZAKHAROV V E, FADDEEV L D. The half-power trace formulas of S-L problem [J]. Funct. Anal. Appl.,
1971, 5: 280–289.

[6] �!|�KUÆ Sturm-Liouvill bS9y�k [J]. \���� 1981, 24(1): 84–94.
CAO Ce-wen. Asymptotic trace of the non-self-adjoint Sturm-Liouvill operator [J]. Acta Math. Sinica, 1981,
24(1): 84–94. (in Chinese)

Trace Identities of Non-Self-Adjoint Dirac Operators

HU Xiao-yan
(Institute of Applied Physics and Computational Mathematics, Beijing 100088, China )

Abstract: This paper deals with asymptotic trace of non-self-adjoint Dirac operator eigenvalue problem
with two points linear boundary condition. The asymptotic eatimations of solution of Cauchy problem
are obtained for Dirac equation by use of the transformation matrix operator. By constructing an entire
function ω(λ), and discussing every term’s coefficient of ω(λ), boundary conditions are turned into eight
element types. By resorting the residue method, four types eigenvalue’s trace identities are obtained.

Key words: Dirac operator; eigenvalue; residue method; trace identity.


