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1 ���
�������������

Schrödinger  �¡�¢¤£�¥,¦ [1],

iεuε
t +

ε2

2
uε

xx − V uε − f(|uε|2)uε − εβ arg(uε)uε = 0, t > 0, x ∈ R. (1.1)

uε(x, t = 0) = uε
0(x), x ∈ R. (1.2)

§©¨
V = V (x) > 0 ª¬«Q­ �k®°¯k± , ε ª�²©³k´�µ ± , f ª�¶�·�¸�¹ �k®°¯k± , β ≥ 0 ª�µ±

, uε = uε(x, t) ª¤ºw» ¯P± , ¼w½
ε arg(uε(x, t)) = Sε(x, t). (1.3)

 �¡ (1.1) ¾°¿°À�Á � Schrödinger  �¡ [1]. Â � , Ã f ≡ 0 Ä β = 0 Å ,(1.1) ÆÇªÈ�É
Schrödinger  �¡ ; Ã V ≡ 0,f(ρ) ≡ γερ Ä β = 0 Å , Æ�ª¤Ê°Ë Schrödinger  �¡ ; Ã

f(ρ) = α(ρ − 1) Ä β = 0 Å , Æ¤ªwÌ�Í�»� �¡ .  �¡ (1.1) ∼ (1.2) Î�Ï2Ð � ÏtÑ¤Ò ,

∫ +∞

−∞
|uε(x, t)|2dx = const, (1.4)

��Ó
β = 0 Ô�Î�Ï �kÕ2� ÏtÑ¤Ò ,

∫ +∞

−∞
Eε(x, t)dx = const, (1.5)
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§ ¨

Eε(x, t) =
ε2

2
|uε

x(x, t)|2 + F (|uε(x, t)|2) + V (x)|uε(x, t)|2, (1.6)

¼wÄ
F (s) =

∫ s

0

f(z)dz.

�¤�
[1]
¨������  �¡ (1.1)–(1.2)

�	��
 ¢��¤£�¥,¦���
��	������� �	����� ,
�

[2]
�

������������ »� �¡�!�"#�$���&% � - '�( ��� ,
�

[3] )���� � % � - '�( ����*�+�,�-
Schrödinger  �¡ , .�/�01�QÀ�2 �@± £�3 Ó .

�¤� )&��� �$465�798�5 % � - '�( �&��: �
����� ���&��;�*�+ ����� Schrödinger  �¡ ,

± £&3 Ó�<>=Q�¤� �@?�A�B ½&C �$:�D�E � .��
 �¤£�¥,¦ ��� :

uε(xL + x, t) = uε(xR + x, t), uε
x(xL + x, t) = uε

x(xR + x, t),

 �¡ (1.1)–(1.2) Æ¤ª
iεuε

t +
ε2

2
uε

xx − V (x)uε − f(|uε|2)uε − εβ arg(uε)uε = 0, xL < x < xR, t > 0. (1.7)

uε(x, t = 0) = uε
0(x), xL < x < xR, t > 0. (1.8)

uε(xL + x, t) = uε(xR + x, t), uε
x(xL + x, t) = uε

x(xR + x, t), t > 0. (1.9)

���������Ç�GF�HJILK
2 M�N1O&� 4 ��P �@��� ,

K
3 M��Q
Q� ���2� ÏwÑ�Ò ,

K
4 M

��
�� β = 0 Å �	R�Õ »�S ,
K

5 M�TJO���U�V É�W�X ,
K

6 M�TJO��ZY&[2¥,¦ ,
K

7 M�TJO
� ± £ ®]\ .

2 ^`_>acb
�kÕ��  �¡ (1.7)–(1.9) !�"�d���e�� ��� , f�gQh�i �����	j�k :

xj = xL + jh, tn = nτ, 0 ≤ j ≤ J = [
xR − xL

h
], n = 0, 1, 2, ..., [

T

τ
],

uε(j, n) ≡ uε(xj , t
n), uε,n

j ∼ uε(j, n), Vj = V (xj),

(wn
j )x =

wn
j+1 − wn

j

h
, (wn

j )x̄ =
wn

j − wn
j−1

h
,

(wn
j )t =

wn+1
j − wn

j

τ
, r ≡

τ

h2
,

‖wn‖2
2 = h

J
∑

j=1

|wn
j |

2, ‖wn‖∞ = sup
1≤j≤J

|wn
j |.
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§ ¨
C
<�� � ��µ ± . � tn � tn+1,  �¡ (1.7)

D ��ª�������S [1], f�g���S
iεuε

t − V uε − f(|uε|2)uε − εβ arg(uε)uε = 0, (2.1)

����� ��S
iεuε

t +
ε2

2
uε

xx = 0. (2.2)

2.1 ����������� - ������� ( ���G��� )(R-K(2))

% � - '�(�  A�B ����� ½�À������ �@?�A , ��� *�4�5G������� (2.2)
¨��@�w±��

uε
xx

,  �¡�) ��� ¡ �  �¡ * % � - '�(�  A ��S ,
�������

uε,∗
j =















e−
iτ
ε

(Vj+f(|uε,n
j

|2))uε,n
j , β = 0

e−
i

εβ
(Vj+f(|uε,n

j
|2))(1−e−τβ)+iSε

j (uε,n
j

,τ)|uε,n
j |, β 6= 0

(2.3)

uε,n+1
j = uε,∗

j + (K1j + 2K2j + 2K3j + K4j)/6, (2.4)

K1j = G(uε,∗
j ), K2j = G(uε,∗

j + 0.5K1j), K3j = G(uε,∗
j + 0.5K2j), K4j = G(uε,∗

j + K3j),

G(ηn
j ) =

iετ

2h2
(ηn

j+1 − 2ηn
j + ηn

j−1). (2.5)

Sε(uε, t)
���

Sε(uε, t) = e−β(t−tn)Im(

∫ x

a

uε
v(v, tn)

uε(v, tn)
dv), (2.6)

��� ¡¤ª
Sε

j (u
ε, t) = e−βt

j
∑

l=1

h

2
Im(

Ds
xu|x = xl − 1

ul − 1
+

Ds
xu|x = xl

ul

), (2.7)

j = 1, 2..., J, s0(u, τ) = 0. (2.8)

Ds
x ª �w±�� ∂x

�	�����
:

Ds
xu|x=xj

=
1

J

J/2−1
∑

l=−J/2

iµlûle
iµl(xj−a), (2.9)

§ ¨

ûl =

J−1
∑

j=0

uje
−iµl(xj−a), l = −

J

2
, ...,

J

2
− 1, (2.10)
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���
(2.3)–(2.5)

��¢�£�¤ e¤ª O(τ 2 + h2).

2.2 ¥���������� - ������� ( ¦��G��� )(R-K(4))

��§ (2.3)–(2.5) ��� ���������$¨&5 % � - '�( ��� ,

uε,∗
j =















e−
iτ
ε

(Vj+f(|uε,n
j

|2))uε,n
j , β = 0

e−
i

εβ
(Vj+f(|uε,n

j
|2))(1−e−τβ)+iSε

j (uε,n
j

,τ)|uε,n
j |, β 6= 0

(2.11)

uε,n+1
j = uε,∗

j + (K1j + 2K2j + 2K3j + K4j)/6, (2.12)

K1j = G(uε,∗
j ), K2j = G(uε,∗

j + 0.5K1j), K3j = G(uε,∗
j + 0.5K2j), K4j = G(uε,∗

j + K3j),

G(ηn
j ) =

iετ

2h2
(−ηn

j+2/12 + 4ηn
j+1/3 − 5ηn

j /2 + 4ηn
j−1/3 − ηn

j−2/12), (2.13)

���
(2.11)–(2.13)

� ����ª O(τ 2 + h4).

2.3 ����©���� (SP0)

 �¡ (2.2)
B � � È�É  �¡ D Ð *�ª�«�¬   A ��­���S , ����!�" �kÕ2�	��� ,

uε,∗
j =















e−
iτ
ε

(Vj+f(|uε,n
j

|2))uε,n
j , β = 0

e−
i

εβ
(Vj+f(|uε,n

j
|2))(1−e−τβ)+iSε

j (uε,n
j

,τ)|uε,n
j |, β 6= 0

(2.14)

uε,n+1
j =

1

J

J/2−1
∑

l=−J/2

e−iεµ2

l τ/2ûε,∗
l eiµl(xj−xL), j = 0, 1, 2, ..., J − 1, (2.15)

µl =
2πl

xR − xL

, ûε,∗
l =

J−1
∑

j=0

uε,∗
j e−iµl(xj−xL), l = −

J

2
, ...,

J

2
− 1, (2.16)

���
(2.14)–(2.16)

� ����ª O(τ 2 + hm), m ª� �¡ (1.7)–(1.9)
� ¸�¹�� .

2.4 ����©���� (BSP1 ® BSP2)� ª#¯Z°�����TJO � [1]
¨�� ��� ��� .

(1)BSP1

uε,∗
j =

1

J

J/2−1
∑

l=−J/2

e−iεµ2

l τ/2ûε,n
l eiµl(xj−xL), j = 0, 1, 2, ..., J − 1, (2.17)
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uε,n+1
j =















e−
iτ
ε

(Vj+f(|uε,∗
j

|2))uε,∗
j , β = 0

e−
i

εβ
(Vj+f(|uε,∗

j
|2))(1−e−τβ)+iSε

j (uε,∗
j

,τ)|uε,∗
j |, β 6= 0

(2.18)

µl =
2πl

xR − xL

, ûε,n
l =

J−1
∑

j=0

uε,n
j e−iµl(xj−xL), l = −

J

2
, ...,

J

2
− 1. (2.19)

(2)BSP2

uε,∗
j =















e−
iτ
2ε

(Vj+f(|uε,n
j

|2))uε,n
j , β = 0

e−
i

2εβ
(Vj+f(|uε,n

j
|2))(1−e−τβ)+iSε

j (uε,n
j

,τ/2)|uε,n
j |, β 6= 0

(2.20)

uε,∗∗
j =

1

J

J/2−1
∑

l=−J/2

e−iεµ2

l τ/2ûε,∗
l eiµl(xj−xL), j = 0, 1, 2, ..., J − 1, (2.21)

uε,n+1
j =















e−
iτ
2ε

(Vj+f(|uε,∗∗
j |2))uε,∗∗

j , β = 0

e−
i

2εβ
(Vj+f(|uε,∗∗

j
|2))(1−e−τβ)+iSε

j (uε,∗∗
j

,τ/2)|uε,∗∗
j |, β 6= 0

(2.22)

���
(2.17)–(2.19)

:
(2.20)–(2.22)

� ����ª O(τ 2 + hm),m ª� �¡ (1.7)–(1.9)
� ¸�¹�� .

3 acb`±³²³´¶µ
��������� ����ÏtÑ¤Ò I

Hn
1 = ‖uε,n‖2, (3.1)

Hn
2 =

ε2

2
h

j=J−1
∑

j=0

|
uε,n

j+1 − uε,n
j

h
|2 + F (‖uε,n‖2) + h

J−1
∑

j=0

Vj |u
ε,n
j |2. (3.2)

·�¸
3.1

���
SP0, BSP1

:
BSP2 ¹¤¶�ÏtÑ¤Ò ‖uε,n‖2 = const.º »

(2.3) 0 |uε,∗
j | = |uε,n

j |,
�

SP0
»�¼Z½&¾ V�¿�0

‖uε,n+1‖2 = (xR − xL)

J/2−1
∑

l=−J/2

(ûε,∗
l )2 = h

J
∑

j=1

|uε,∗
j |2 = h

J
∑

j=1

|uε,n
j |2 = ‖uε,n‖2,

+�B ½
‖uε,n+1‖2 = ... = ‖uε,0‖2 = ‖uε

0‖
2 = const,
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��+����
BSP1 ½

‖uε,n+1‖2 = ‖uε,∗‖2 = (xR − xL)

J/2−1
∑

l=−J/2

(ûε,n
l )2 = h

J
∑

j=1

|uε,n
j |2 = ‖uε,n‖2,

À Ð
‖uε,n+1‖2 = ... = ‖uε,0‖2 = ‖uε

0‖
2 = const,Á ���

SP0
:

BSP1 ��§ ,
D ÐÃÂ =���� BSP2 ½

‖uε,n+1‖2 = ‖uε,∗∗‖2 = (xR − xL)

J/2−1
∑

l=−J/2

(ûε,∗
l )2 = h

J
∑

j=1

|uε,∗
j |2 = h

J
∑

j=1

|uε,n
j |2 = ‖uε,n‖2,

À Ð
‖uε,n+1‖2 = ... = ‖uε,0‖2 = ‖uε

0‖
2 = const.

Ä�Å 4Q5 % � - '�( ��� (2.3)–(2.5)
:&¨65 % � - '�( ��� (2.11)–(2.15) Æ�Çw·&¹�¶�ÏwÑ

Ò (3.1)
:

(3.2),
�¤± £ ®]\�¨ ��� D ÐÉÈ � , Ê���Ë D Ð#À�2�Ì�¹¤¶�����ÏtÑ�Ò .

4 ÍcÎ>ÏÑÐ
��� Ã β = 0 Åt �¡ (1.7)–(1.9)

�	R�Õ »�S , Ò
V = d, uε = Aei(kπx/p−ωt), (4.1)

§ ¨
d, A, k

:
ω ª¤µ ± . ) (4.1) Ó�i � (1.7)

¨
, 0 ���]Ô��

iε(−iω)uε +
ε2

2
(i ·

kπ

p
)2uε − (f(A2) + d)uε = 0, (4.2)

0
ω =

π2ε2k2

2p2 + f(A2) + d

ε
.

���kÕ2�$Õ�Ö ¨ ��� �����������&×��Ç�	R¤Õ »�S
V = d, uε = Aei(kπjh/p−ωnτ). (4.3)

4.1 ������� - �������
) (4.3) Ó�i � (2.3)–(2.5), 0

uε,∗
j = Ae−

iτ
ε

(d+f(A2)) · ei(kπjh/p−ωnτ), uε,n+1
j = uε,∗

j +
1

6
(K1j + 2K2j + 2K3j + K4j),

Ø ¿�0 ,

uε,n+1
j = (1 + q +

q2

2
+

q3

6
+

q4

24
)uε,∗

j ,
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§ ¨
q =

iετ

h2
(cos

kπh

p
− 1) =

iετ

h2
(−

k2π2h2

2p2
+ O(h4)) = −

iεk2π2τ

2p2
+ O(h2),

+�B ½
uε,n+1

j = uε,∗
j (1 −

iεk2π2τ

2p2
+ O(τ 2 + h2)),

Ù ª uε,n+1
j = Aekπjh/p−ω(n+1)τ ,

À Ð#½

ω =

π2ε2k2

2p2 + f(A2) + d

ε
+ O(τ 2 + h2),

À Ð 4Q5 % � - '�(�  A�� ����ª O(τ 2 + h2), Ú@¿ D 0 ¨65 % � - '�( ��� (2.11)–(2.13)� ����ª O(τ 2 + h4).

4.2 ����©����
) (4.3) Ó�i � ��� SP0

¨
,
» ��� �	ª�«�¬ Æ�Û ,

uε,∗
j = e−

iτ
ε

(d+f(A2)) · Aei( kπjh
p

−ωnτ) = Ae−
iτ
ε

(d+f(A2))+i kπjh
p

−iωnτ ,

ûε,∗
j =

J−1
∑

j=0

uε,∗
j e−i lπjh

p = Ae[− iτ
ε

(d+f(A2))−iωnτ ] ·

J−1
∑

j=0

ei( kπjh
p

− lπjh
p

)

=

{

0, l 6= k

J · Ae[− iτ
ε

(d+f(A2))−iωnτ ], l = k

¼wÄ

uε,n+1
j =

1

J

J
2
−1

∑

l=− J
2

e
− iεπ2l2τ

2p2 · ûε,∗
j · ei πljh

p = Ae−
iτ
ε

(d+f(A2))−iωnτ · e
− iεπ2k2τ

2p2 · ei πkjh
p ,

Ü Ù ª
uε,n+1

j = Aei( kπjh
p

−ω(n+1)τ),Ø ¿�0
ω =

π2ε2k2

2p2 + f(A2) + d

ε
,

À ÐZ��� ������D ÐÉ��­�¹¤¶ R�Õ »�S , Ú	¿ BSP1
:

BSP2 Ë���­�¹¤¶ R�Õ »�S .

5 acb`±JÝÑÞcß
à +����°� U�V É ½ ����� V�¿ :·�¸

5.1
4�5 % � - '�( ��� (2.3)–(2.5)

7z¨&5 % � - '�( ��� (2.11)–(2.13)
� U�V ÉW�X ��á¤ª r ≤

√
2

ε
, r ≤ 12

√
2

7ε
,
§ ¨

r = τ/h2.
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ºJâäã&å
V (x) = d,

§©¨
d
B ��µ ± .

��Õ�*�È�É�æ��   A Â =$4Q5 % � - '�( ����:&¨5 % � - '�( ���°� U�V É .
��������� S �$×��

uε,n
j = ξε,neikjh, (5.1)

) (5.1)
� Ó�i � (2.3)–(2.5), ����0

uε,∗
j = e−

iτ
ε

(d+f(|ξn|2))ξneikjh,

uε,n+1
j = uε,∗

j +
1

6
(K1j + 2K2j + 2K3j + K4j),

K1j = G(uε,∗
j ) =

iετ

2h2
· (eikh − 2 + e−ikh)uε,∗

j

= iεr(coskh − 1)uε,∗
j ≡ quε,∗

j ,

§ ¨
q = iεr(coskh − 1),

K2j = G((1 +
q

2
)uε,∗

j ) = q(1 +
q

2
)uε,∗

j ,

K3j = q(1 +
q

2
(1 +

q

2
))uε,∗

j ,

K4j = q(1 + q(1 +
q

2
(1 +

q

2
)))uε,∗

j ,

Ù ª
uε,n+1

j = (1 + q +
q2

2
+

q3

6
+

q4

24
)uε,∗

j ,

Ü Ù ª
uε,n+1

j = ξε,n+1eikjh,

À Ð#½
ξε,n+1 = (1 + q +

q2

2
+

q3

6
+

q4

24
)e−

iτ
ε

(d+f(|ξn|2))ξε,n.

Ò
G(τ, k) = (1 + q +

q2

2
+

q3

6
+

q4

24
)e−

iτ
ε

(d+f(|ξn|2)), p = εr(coskh − 1), (5.2)

ç

G(τ, k) = (1 + ip −
p2

2
− i

p3

6
+

p4

24
)e−

iτ
ε

(d+f(|ξn|2)), (5.3)

���
(2.3)–(2.5)

B U�V � ,
ç

G(τ, k) ¹¤¶
|G(τ, k)|2 = (1 −

p2

2
+

p4

24
)2 + (p −

p3

6
)2 ≤ 1,
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+�B ½
ε2r2 sin4 kh

2
− 2 ≤ 0,

465 % � - '�( �&� (2.3)–(2.5)
� U&V É�W�X ª r ≤

√
2

ε
. Ú$¿ D Â ,

¨�5 % � - '�( �&�Ç�
U&V É�W�X ª r ≤ 12

√
2

7ε
. è�é ,

» V�¿ 3.1
D ­ ���&� SP0, BSP1

:
BSP2

B�ê�W�X U&V �
[1].

6 ëíìíîJï
Ò

uε
0(x) ≡ A0(x)e

i
ε
s0(x).

ð�ñ
I
R�Õ »�S � ¢¤£�¥,¦ I Ã β = 0 Å , ����TJO�� (1.7)–(1.9)

�	R�Õ »�S , Ò�¢¤£
A0(x) = A,S0(x) = εkπx

p
, V ε

0 (x) = d. ��­�S�ª
uε(x, t) = Aei( kπx

p
−ωt), V ε

0 (x) = d,

¼wÄ
ω =

π2ε2k2

2p2 + f(A2) + d

ε
,

��ò�?2¨ / ���]ó�± :A = 5, k = 1, p = 10, d = 1.ð&ñ
II Ã β 6= 0 Å , ��� *�K 2 M ¨��$�&����ò&?�ô � ¯t± ρε(x, t) = |uε(x, t)|2 . ¢

£ W�X ª A0(x) = e−x2

, S0(x) = 1
e3x+e−3x , β = 1.0, V (x) = 0, f(ρ) = −ρ.

7 õ¶öí÷1ø
� M *�K 2 M �P± £ ������ò�? Y6[ I

: Y6[ II.
��ò�? Y6[ I Å , ù]V���� (L∞), ú

� � h
:

τ û » .
��ü � ��� , Ò�� � h

:
τ
Ä�ý�þ

, ÿ���� � T�V � ��� ,
Ü Ç�� �������

U�V , ¯Z° ���°��ò�? Å
	 .
ò�?Ç� ý ���

:

ÏtÑ¤Ò
Hn

1 = ‖uε,n‖2,

:
Hn

2 =
ε2

2
h

j=J−1
∑

j=0

|
uε,n

j+1 − uε,n
j

h
|2 + F (‖uε,n‖2) + h

J−1
∑

j=0

Vj |u
ε,n
j |2,

¤ e¤ª
E1 =

Hn
1 − H0

1

H0
1

, E2 =
Hn

2 − H0
2

H0
2

,

��­�S �$¤ e
L∞ = max

j
|uε,n

j − uε(xj , t
n)|,

§ ¨
uε(xj , t

n) ª �65 (xj , tn) � � ��­�S . Y&[ I
��ò�? 3 Ó
��< 1.
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�
[4][5]

¨Z���
ε
�@È�É

schrödinger  �¡ � ½��$e����
�J���6
 , 3 Ó�<1= ªJ� � Â��
2 ��� § , Å
	@� � τ

:�� 	@� � h ¹¤¶ ��� à
� I

h = o(ε), τ = o(ε).

��+ Y&[ II, ����/ ε = 0.1, ªJ����O ô � ¯P±2� °���­���� , Ò � 	@� � h = 0.015625: � ��° �°� Å
	@� � τ = 0.002. � 1
: � 2 TJO�� *�¨&5 % � - '�( ����: Bsp2

ò�?Ç�
3 Ó ,

<
2 TJO�� À ½ ���°��ò�? Å
	 .

 
1
 

1:β = 0, f(ρ) = −ρ, T=1.0, A=5.0, k=1.0, !�" L∞ < 0.05, t=1.0 #�$�%�&�'�(�)�*+-,

.0/ 1�2 354
L∞ E1 E2

ε = 1 BSP1 h=2.5, τ=0.5 1.90(-5) 1.00(-5) 1.82(-7) 3.64(-7)

BSP2 h=2.5, τ=0.5 2.32(-5) 3.64(-6) 1.22(-7) 1.18(-5)

SP0 h=2.5, τ=0.5 1.90(-5) 2.31(-5) 7.22(-8) 1.44(-7)

R-K(4) h=2.5, τ=0.5 1.10(-5) 9.90(-4) 1.15(-7) 2.29(-7)

R-K(2) h=2.5, τ=0.5 1.00(-5) 1.24(-2) 3.99(-8) 3.98(-8)

ε = 0.1 BSP1 h=2.5, τ=0.5 1.92(-5) 1.53(-4) 1.94(-7) 3.87(-7)

BSP2 h=2.5, τ=0.5 2.30(-5) 1.51(-4) 2.93(-8) 5.86(-8)

SP0 h=2.5, τ=0.5 1.90(-5) 2.64(-4) 2.10(-7) 4.20(-7)

R-K(4) h=2.5, τ=0.5 1.09(-5) 1.40(-4) 9.59(-9) 1.91(-8)

R-K(2) h=2.5, τ=0.5 1.00(-5) 1.29(-3) 2.33(-8) 4.64(-8)

ε = 0.01 BSP1 h=2.5, τ=0.5 1.89(-5) 1.17(-3) 1.17(-7) 2.34(-7)

BSP2 h=2.5, τ=0.5 2.32(-5) 2.12(-3) 1.68(-7) 3.36(-7)

SP0 h=2.5, τ=0.5 1.92(-5) 4.91(-3) 2.11(-7) 4.21(-7)

R-K(4) h=2.5, τ=0.5 1.10(-5) 3.75(-4) 9.59(-9) 1.91(-8)

R-K(2) h=2.5, τ=0.5 1.00(-5) 6.61(-4) 1.29(-7) 2.57(-7)

ε = 0.001 BSP1 h=2.5, τ=0.5 1.92(-5) 6.58(-3) 2.38(-8) 4.76(-8)

BSP2 h=2.5, τ=0.5 2.32(-5) 3.09(-2) 2.33(-7) 4.66(-7)

SP0 h=2.5, τ=0.5 1.91(-5) 1.10(-2) 1.14(-7) 2.28(-7)

R-K(4) h=2.5, τ=0.5 1.10(-5) 3.81(-3) 7.98(-8) 1.59(-7)

R-K(2) h=2.5, τ=0.5 1.00(-5) 1.68(-3) 2.50(-8) 5.00(-8)

ε = 0.0001 BSP1 h=2.5, τ=0.6 1.95(-5) 1.58(-2) 6.68(-8) 1.33(-7)

BSP2 h=2.5, τ=0.6 2.40(-5) 4.75(-2) 3.20(-7) 6.40(-7)

SP0 h=2.5, τ=0.6 1.95(-5) 4.27(-2) 5.74(-8) 1.14(-7)

R-K(4) h=2.5, τ=0.6 1.16(-5) 3.81(-2) 2.82(-8) 5.64(-8)

R-K(2) h=2.5, τ=0.6 1.05(-5) 3.52(-2) 3.63(-8) 7.25(-8)
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2 β = 1.0,ε = 0.1, h = 0.015625, τ = 0.002, 687 II '�(�)�* +-,

scheme cpu-time E1

BSP1 0.42 4.05(-3)

BSP2 0.48 3.97(-3)

ε = 0.1 SP0 0.42 3.88(-3)

R-K(4) 0.38 1.99(-3)

R-K(2) 0.35 1.56(-3)

9
1: :8;�<�= - >�?�=�@�'�(
ACB�"

ρε(x, t) = |uε(x, t)|2

9
2 D Bsp2 =�@�'�(
ACB�" ρε(x, t) = |uε(x, t)|2

» <
1
D ­ , Ã ε=1, 0.1, 0.01, 0.001, 0,0001 Å ,

À ½ �@��� .�Çw·�À�2 �$ò�?�R�Õ »
S .
§ ¨

, ��� �$¨&5 % � - '�( ����:�4�5 % � - '�( ����*2� Å
	$°�E .
<

2
¨7±8F Ë <=	¨&5 % � - '�( ����:�4�5 % � - '�( ����*2� Å
	$°
E , � ½�°�� ��ò�? C8G .
» ò�? 3Ó�D ­ ,

À ½ �	��� . D Ð#À�2 ��ò�? ,
§ ¨ ��� �$¨&5 % � - '�( ��� ���&� ,

ò�? Å
	HE ,B8I ½�C �	:�D�E2� .
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SPLIT-STEP METHODS FOR THE NONLINEAR SCHRÖDINGER

EQUATIONS AND THEIR APPLICATIONS IN SEMICLASSICAL

CASE

XU Qiu-bin

(School of Mathematics, Nanjing Audit University, Nanjing 211815, China)

Abstract: In this paper,two split step Runge-Kutta methods and a split step spectral

method for the nonlinear Schrödinger equations and their application in the semiclassical regimes

are studied.The conservative properties of the schemes are obtained and the plane wave solution

with β = 0 is analysised.The two Runge-Kutta schemes are conditionally stable by linearized

analysis and the split step spectral method is unconditionally stable . The trunction error of

the schemes are discuassed.Furthermore, the computing results are compared with the two time-

splitting spectral methods which are constructed in [1].The numerical experiments demonstrate

that our algorithms are effective and reliable.

Keywords: Nonlinear Schrödinger equation(NLS); split step Runge-Kutta method; Split

step spectral method; difference scheme
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