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1 Ú ó

�ÅC�´�m (�m) ÚªÇ�ÛÜC�, Ï
L� Ú²£�$�õU�é¼ê&Ò?1õº
Ý�[z©Û, 3A^êÆ!ÔnÆ!O�Å�
Æ!&Ò�&E?n!ã�?n!/�t&�N
õÆ�Ñk���Æ¿ÂÚA^d� [1]. 3ê
Æþ, 1¼ê ψ(x) �Ä��Å¼ê ψ(µ,s)(x) ½Â

� ψ(µ,s)(x) =
1
√

µ
ψ

(
x − s

µ

)
, ª¥ µ > 0 �� 

ëê, s ´²£ëê, s ∈ R. &Ò¼ê f(x) ��Å
C�½Â� ψ(µ,s)(x) Ú f(x) �SÈ

Wψf(µ, s) =
1
√

µ

∫ ∞

−∞
f(x)ψ∗

(
x − s

µ

)
dx, (1)

§´ ���1¼ê�&Ò¼ê��'.

©z [2—5] lþfåÆN�C��*:, U�

²;�ÅÈ©C� (1) ª, ½ÂþfåÆ�¥þ
��ÅC��

W (µ, s) =
1
√

µ

∫ ∞

−∞

〈
ψ

∣∣∣x − s

µ

〉
〈x|f〉 dx

= 〈ψ|U (µ, s) |f〉 , (2)

ª¥ 〈ψ| ´�éu�½1�Å��¥, |f〉 ´I��
C���¥, |x〉 ´�I��¥, U(µ, s) ´Ø ²

£�Î. |^�5¦ÈSÈ© (IWOP) Eâ [6−9], �
� U(µ, s) ��5¦ÈL«

U(µ, s)

≡ 1
√

µ

∫ ∞

−∞

∣∣∣∣x − s

µ

〉
〈x| dx

=(sechλ)1/2 exp
[

−s2

2 (1 + µ2)

− a+2

2
tanhλ − a+s√

2
sech λ

]
: exp

[
(sech λ − 1) a+a

]
:

× exp
[
a2

2
tanhλ +

sa√
2µ

sech λ

]
, (3)

ª¥ a Ú a+ ©O´1|��)�ÎÚ�v�Î,

¿÷v [a,a+] = 1, µ = eλ, sech λ = 2µ/
(
1 + µ2

)
,

tanhλ =
(
µ2 − 1

)
/
(
µ2 + 1

)
.

|^�IÚÄþL��m÷v�Fp�C�
'X, �±rêÆþäk¢ëþ x �1�Å ψ(x)

÷v�]�^�
∫ ∞

−∞
ψ(x)dx = 0 U�¤ Dirac

ÎÒL«/ª [2−9] 〈p = 0|ψ〉 = 0. ÏL½Â [10]

|ψ〉 = G (a+) |0〉 =
∞∑

n=0
gna+n |0〉, �Ñ�E1�Å

¼ê�Xê^�

〈p = 0|ψ〉 = π−
1
4

∞∑
m=0

g2m
(2m)!
2mm!

= 0. (4)
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~X, À� (4) ª¥�Xê g0 = 1, g2 = 2, g4 = 4,

g6 = −1, ��

|ψ1〉 =
(
1 + 2a+2 + 4a+4 − a+6

)
|0〉 , (5)

|^úª 〈x|n〉 =
1√

2nn!
√
π

Hn (x) e−
x2
2 , ª

¥ Hn (x) = (−1)n ex2 dn

dxn
e−x2

, �Ñ1�Å¼ê

ψ1(x) =π−
1
4

(
−8x6 + 76x4 − 134x2 + 26

)
× exp

(
−x2

2

)
,

Xã 1(a) ¤«. 2X, À� (4) ª¥�Xê g0 = −2,

g2 = −1, g4 = 1, ��

|ψ2〉 =
(
−2 − a+2 + a+4

)
|0〉 , (6)

d�1�Å¼ê

ψ2(x) = 2π−
1
4

(
2x4 − 7x2 + 1

)
exp

(
−x2

2

)
,

Xã 1(b) ¤«.
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ã 1 1�Å¼êã� (a) ψ1(x); (b) ψ2(x)

�©ò3þ¡ü|1�Å¼êe, O�Ñþf

åÆ¥�Z�Úâfê���ÅC�, ¿ÏL Mat-

lab �óê��[, ±Ñ¿©Û�Z�Úâfê�
��ÅC�ãÌ.

2 8�z�Z���ÅC�

®�8�z�Z�

|z〉 =e−
|z|2
2

∞∑
n=0

zn

√
n!

|n〉 = e−
|z|2
2

∞∑
n=0

zna+n

n!
|0〉

=e−
|z|2
2 ea+z |0〉 ,

q��Z� |z〉 ´�«�Î a ����, a |z〉 =

z |z〉 d (3) ª�±�Ñ

U(µ, s)|z〉 =A exp
[
− a+2

2
tanhλ − a+s√

2
sech λ

+ a+z sech λ
]
|0〉, (7)

ª¥

A =(sech λ)1/2 exp
[
− |z|2

2
− s2

2 (1 + µ2)

+
z2

2
tanhλ +

sz√
2µ

sech λ

]
.

À�

ψ1(x) =π−
1
4

(
−8x6 + 76x4 − 134x2 + 26

)
× exp

(
−x2

2

)
,

©ÛT1�Å¼êe8�z�Z���ÅC�. |
^�Îúª

an exp
[
εa+2 + σa+

]
= : exp

[
εa+2 + σa+

] [n/2]∑
k=0

n!εk

k! (n − 2k)!(
2εa+ + a + σ

)n−2k : , (8)

d (5) ªÚ (7) ª, í�Ñ�Z���ÅC��

W (µ, s)

= 〈ψ1|U(µ, s) |z〉

=A 〈0|
(
1 + 2a2 + 4a4 − a6

)
× exp

[
− a+2

2
tanhλ − a+s√

2
sech λ

+ a+z sech λ
]
|0〉

=A
(
1 − 2 tanhλ + 12 tanh2 λ + 15 tanh3 λ

)
164205-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 16 (2012) 164205

+ A
(
2 − 24 tanhλ − 45 tanh2 λ

)
×

(
z − s√

2

)2

sech2 λ + A (4 + 15 tanhλ)

×
(

z − s√
2

)4

sech4 λ

− A

(
z − s√

2

)6

sech6 λ. (9)

��*/*	, é (9) ª|^ Matlab �óê�
�[Ñ
�Z�e��ÅC�Ì�� ëêÚ²
£ëê�Cz5Æ, Xã 2—4 ¤«. p�'�ùn
�ã�¢Ü (a) ãÜ© (½JÜ (b) ãÜ©) �±w
�, z ���O\, ¬/¤�õ�Å¸, ¿�²£ë

ê s ���� =; �XØ ëê µ ��O�,

¸�O���½§Ý�C�².

3 âfê���ÅC�

3 þ ¡ ó � � Ä : þ, | ^ � 8 � z � Z
� |z〉 = exp [za+] |0〉, d (3) ª�±�Ñ

U(µ, s) |z〉

=B exp
[
− a+2

2
tanhλ − a+s√

2
sech λ

+ a+z sech λ

]
|0〉 , (10)

� � � � � � �
−� ��� �� �� �−

�−
� ����� � 	
 ��� � ��� � � 	� � � � � �

−� ��� �� �� �−� �−
�−
��� �� ��

ã 2 z = 1 + i �, �Z���ÅC�Ì (a) ¢Ü; (b) JÜ

� �� � �� � � � � � 	 �
−

	 ��	 �� �
 �−
	 �−
	 �−

���	 �� � � � � 	 �
−

	 ��	 �� �
 �−
	 �−

���	 �	 �� ��� �� � ���� ��
ã 3 z = 2 + 2i �, �Z���ÅC�Ì (a) ¢Ü; (b) JÜ

� � � � � � �
−� ��� �� �� �−� �−

���� �� �� � � � � � �
−� ��� �� 	 
 � � 
� �� �−� �−

���� �� ��� �� � ���� ��
ã 4 z = 3 + 3i �, �Z���ÅC�Ì (a) ¢Ü; (b) JÜ
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ª¥

B =(sech λ)1/2 exp
[
− s2

2 (1 + µ2)
+

z2

2
tanhλ

+
sz√
2µ

sech λ

]
.

À�

ψ2(x) = 2π−
1
4

(
2x4 − 7x2 + 1

)
exp

(
−x2

2

)
,

©ÛT1�Å¼êeâfê���ÅC�. |^�
Î (8) ª, d (6) ªÚ (10) ª, �±¦�

〈ψ2|U(µ, s) |z〉

=B 〈0|
(
−2 − a2 + a4

)
exp

[
− a+2

2
tanhλ

− a+s√
2

sech λ + a+z sech λ
]
|0〉

=B
(
−2 + tanhλ + 3 tanh2 λ

)
− B (1 + 6 tanhλ)

(
z − s√

2

)2

sech2 λ

+ B

(
z − s√

2

)4

sech4 λ. (11)

dâfê���8�z�Z��'Xª

|n〉 =
1√
n!

(
d
dz

)n

|z〉
∣∣∣∣
z=0

,

|^ (11) ª�±í�Ñâfê���ÅC��

W (µ, s)

= 〈ψ2|U(µ, s) |n〉

= 〈ψ2|U(µ, s)
1√
n!

(
d
dz

)n

|z〉
∣∣∣∣
z=0

=
1√
n!

(
d
dz

)n

〈ψ2|U(µ, s) |z〉
∣∣∣∣
z=0

=
1√
n!

(
d
dz

)n

B

[ (
−2 + tanhλ + 3 tanh2 λ

)
− (1 + 6 tanhλ)

(
z − s√

2

)2

sech2 λ

+
(

z − s√
2

)4

sech4 λ

]∣∣∣∣
z=0

. (12)

������ �
−

� �
−

� �
−
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�−
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����������� �

−
� �
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� �
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����� �
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� ��� � �� �−
� �−

���� �� ��
� �

�
� �

�
�� � �� � 	� � 	

ã 5 âfê���ÅC�Ì (a) n = 0; (b) n = 1; (c) n = 2; (d) n = 3
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� n = 0, �±�B/O�Ñ

〈ψ2|U(µ, s) |0〉

=sech1/2 λ exp
[

−s2

2 (1 + µ2)

]
×

{ (
−2 + tanhλ + 3 tanh2 λ

)
− (1 + 6 tanhλ)

s2

2
sech2 λ +

s4

4
sech4 λ

}
. (13)

�� n > 0 �, nØ¦�O�C�E,. ��*/
*	, é (12) ª|^ Matlab �óê��[Ñ
 |0〉,
|1〉, |2〉, |3〉 o�âfê�e, �ÅC�Ì�Ø ë
êÚ²£ëê�Cz5Æ, Xã 5 ¤«. dã 5 �
±�ß/w�, âfêOõ, ±²£ëê s = 0 �é
¡¥%, �ü>�)#�Å¸, �	��¸�O�

²w; ��¸��XØ ëê µ ���O\, O�
��½§Ý�þC���².

4 ( Ø

�â�ÅC��þfåÆÅn, d�E1�
Å¼ê�Xê^�, ÏLÀ�ØÓ�Xê, �EÑ
ü|#�1�Å¼ê ψ1(x) Ú ψ2(x). 3dÄ:þ,

|^ IWOP Eâ, O�Ñ�Z�� ψ1(x) �ÅC
�¿ê��[ÑÙ�ëê (µ, s) �CzãÌ, ±9
âfê�� ψ2(x) �ÅC�¿ê��[ÑÙ�ë
ê (µ, s) �CzãÌ. ã/(Jw«, �XØ ë
ê µ ���O\, �ÅC�ãÌ�¸�O�C�.
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Wavelet transform of coherent state∗
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Abstract

Two new mother wavelets are constructed on the basis of the quantum mechanics of classical wavelet transform. Based on that,

the wavelet transform of coherent state and particle number state is studied with the technique of integration within an ordered product,

and the wavelet transform from coherent state to particle number state is obtained by numerical calculation.
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