54 22005 2 Vol.54 No.2 February 2005

1000-3290/2005/54 02 /0522-08 ACTA PHYSICA SINICA (©2005 Chin. Phys. Soc.
12 1 2 1
! 410077
2 410073
204 4 7 2004 5 21
Lewis-Riesenfeld
Lewis-Riesenfeld
PACC 0365 4250
— W) T Wy §é 0
1 23
H
Lewis-
H Riesenfeld
1
s
Lewis  Riesenfeld
67 2. Lewis-Riesenfeld
182 g
. h=1
45 H:¢ =H,+ H, +H, 2a
H it =wala, + w05 @ +1ig @, asexp i ot + ¢ . 2
L . Hy=>lw t aja, + Gt 2b
—ajasexp —i wt + P + G. 1 !
A0 PN . 2
4 o= @y =0 g= -kl O, =>)6 1t alexpig, t +
2 w=20 G=0 5 $=0 G= w, +w, / j=1
2 ajexp — i@; ¢ 2c
W, w Hy =G, t afayexp i$ t
@ @ + @, a,exp — i% ¢ . 2d
g aj a‘;
z 45 @ a;, =0, & @ = a a; =0



2 523
w t Gyt ¢t Gt Gt ¢t j= SEu
12 a  a; Sét =zepé& taa-€6tara; . Tb
H, 6
i, i, z; t =1, t exp id; t j=12 8a
2 i, =0 B =H,+ Et =stexpil i 8b
i, rt 6t st 01
2425 5 r, 0; s 0 =0
N . . . 0 0o Sy Oy . 2
i, =0 B =B,+H 1 T G D0 Yo
5
B : ) aD; a =12 9
czoaD? oz =a - z = a
w t =w, ¢ =G t =w G t = Acosw, i [ ro / ;
S a,S* = a,coshs + @5 exp 10 sinhs
G, t = occoswyt @ t =¢, t =0 ¢ 1 = ¢4 ¢ ! 2 xp on
—2wot G, t =g=w —w, w Ao (1)123602 § & a23+ & = acoshs + 4T exp i sinhs.
w
’ 9¢
5 6 9
c _ Tt = Cicosh’s + Cysink’®s @) @,
St oexp ip; 1
) ! P %5 + Cycosh’s + C,sinh’s a; a,
J G, t exp 1
i$ ¢ + 5 C,+C, afa,exp il
bt =m/2-20u-¢ + a;a,exp — i0 sinh2s - a; f;
Gyt a oA n
? -afi —a f, - afs + /o 10
t
¢4 2 2
=z cosh’s + C,sinh”s
fi 1 Cicosh C,sinh
Gy 1 + 5 C, + C, z exp i0 sinh2s 11a
fo =z, Cycosh’s + C,sinh’s
%
+% C, + C, z exp if sinh2s 11b
Schriodinger fo = Ciri+ Cyrs cosh’s + C,rt + C, 15 sinh’s
1§|¢’ P Py 4 + C, + C, r rysinh2scos 6, + 0, — 0
ot . + sinh’s . 11c
I 210 Te W
. O 5 - 4 P
1atlt+lth:O. 5 I't H
K,=C,a] a, + Cas &, :{ C, + C, [ G, t cosh2sexp i¢p
G G o+ w, t
) - %sinhlﬁexp 10 | @) a,
It =D, z,t D, z, t S &t K, v ot fim Gt fexp it + G ot
xS &t Dy ozmt Diozot 6 x  Cycosh’s + Cysinh’s exp ig,
Do cexpz t A4 -zt @ -5 C,+ C, G, t sinh2sexp i 0 — ¢, af
J 7 - 7 J J J
j=12 7a + wy t =Gyt fiexp it + G, t



524 54
x C,cosh’s + C,sinh’s exp ip, =D, z, D, z, § € K,8* ¢ D
—% C, + C, G, t sinh2s x Dz Dy oz Dy 5 S & Ing o
= Cn +Cyny, |z, 20 &0, n, . 17
xexp i - ¢ &{}—H.c. T lz, z, € n, n,
—i Cl + C2 Glz 13 Sinth
xsin 0 — ¢ @a, +a5a, + 1 ;22'2' 2fmomoan$nmn
1
+ Gt fiexp —ip - fiexp i@ Do Dyn S e Iy on
+ G, 1 frexp —ip, —f5 exp i, 12 oy
H.c 10 12 5 x n ny |8 & Df oz DY oz
=D, 2z, D, z, § £ § ¢
(Cin =2G, t coth2scos 0 — ¢ —w, t —w, t x Dz, Di z = 1. 18
3 Lewis-Riesenfeld 6 Schrodinger
a R
4 It
QzG t sin - ¢ 13b i
de 2 ¢t = Z C..expia,, |z 2 &n n
dfl . ) . non,
E =1 — W tfl + Glz th CXp 1¢ = Z szlnzexp iaﬂlﬂz Dl 2
-G, t Cicosh’s + Cysinh’s exp i, " ni N
xD, z S € ln n, 19
t Ci+ C, G, t sinh2sexp i 0 - ¢, Ay, Lewis-Riesenfeld
14a ynl nz B’ll ",2 a’ll ",2 = ynl ’lz +
d . .
%Zi—wz t o+ Gpt fiexp i¢ B"’l"’z
-G, t Cyeosh’s + Csinh’s exp ig, Yan, :J z 2, & my nz\ig
0
+% C, +C, G t sinhi2sexp i 0 - ¢, x|z z, € n n, di 20a
14b Bn]n2 :_J‘O 2 2 g ny, n, [A{ 12
d . .
% = C, + C, G, t sinh2ssin 0 — ¢ x|z 2z, € n ny, dt 20b
+iG, t fiexp —igp, — fi exp ig i i
. ) S* a, S
+1iG, t fiexp —i@, — frexpig, . ldc §as ¢
= @,coshs — @; exp 10 sinhs 21a
13 14 s 0 r r, 6 0, z ST @S &
z 10 = G,coshs — @ exp 10 sinhs 21b
7 t . D; %j aij Zj
A\ n, n, K, =a; + 3 j=12 2lc
Kyln, n, = Cin, + Cyny, Iny n, . 15 2%
I D,z Dy, z, S € |n n ﬁj z; =exp zad; exp - z; 4
|
fl 2§ mom X exp — 52z j=12 22a

Dl 2 D222sg‘nl n,

=\z. z, &€ ny n, 16

it\zlzzénlnz

@, + @, @, + 1 In coshs

22b

N A g
X exp @, a,e " tanhs .



525

. * . * ox o
212, + 2,2y — 212 — 2,2,

_ H i
’}/nln2 - 0 2

¢t

28 19
=exp io lA)l z ﬁz Z, S ¢

xexp —1 &0, a, +&a, a,

y .12 A A A
- n, +n, +1 0sinh’s dt 23a xS & D5 zy D} zp |¢ 0 . 29
! 2
ﬂ,l]nz :—J w;n, + wyn, cosh's + w;n, + w,n, A A .
0 t 0 =expic D, 2, D, z, S &
.12 * %
+ w + w, sinh™s + w22, + w2z, di AN ~t oA
! 2 ters 27272 X exp —1 €,a;a; +¢€,a, a,
t
—J Gy 2 z, exp i + z;z,exp — 1P x ST & Dy zy D z 30a
0
- n, +n, +1 cosh @ — ¢ sinh2s t 0 =exp —ioc Dy 29 Dy 29 5 &
. aia At oa
+ G, z exp i, + zjexp — 1@, X EXp 1 €14y 4y + €20y Ay
3 . . o+ N+ N+
+ G, z, exp i, + zexp —i@p, + Gt di xS & Dy oz Dy oz 30b
23b Heisenberg
oo da o dan o, df Lewi ) ) Lo
LT T = dr wis- At =U" t0A0U 0. 31
Riesenfeld
a"’l"Z ynlnz + ﬁ"l"’z *
=— e n +&n, +a0 24
2
, 30 21
s 3 2 2 o 2 . ~ A A~ A~ A~
€ =Jo Osinh™s + w,cosh™s + w,sinh’s exp i € ar a4y + €05 4y @
_ . aa ata
- Gpeos 0 — ¢ sinh2s di¢ 25a X exp — 1 €4y a; + €03 Ay
Lo . =exp — ig;, @
€, :J Osinh’s + w,cosh®s + w,sinh®s o 32
0 exp i €@, a, + €0, a, @
- Gpcos 0 — ¢ sinh2s dt 25b . aia i oA
XeXp —1 € a;,a; + €,a, a,
P
i . s N
o =JO 5 FiE % - ZZ - 52 =exp ig; a; .
- w22, — wy22, — 0 + @, + w, sinh’s
+ Gy, cos 0 — ¢ sinh2s — 2z, z, exp i$ . L .
) a, t =U" t0aqU 10
— zizmexp — i - G, z] exp ig, . , .
N =h1 ta1+h1 t(lz + z
+ ziexp — i@, - G, z, exp i@, .,
] —zphy t + 29 b)) @ 33a
+ zexp —igp, -G ¢ dt. 26 R .
af t =U" t0a/U 0
3 =h ta +h ta +z
—zph t 4+ zph, 33b
i=0 at =U" t0aU1tO0
‘Sb 0 =Dy zy Dy 29 S & =hy, t @+ h, t af + 2
% 77
X Z C”l"z I n, n, 27 —znhy t 4 z9h)y t 34a
b a; t =U" t0a; Ut O
=h, t a3 +hy, t @ +z
Z C’nln2 ‘ n, n, w w /iy
nyn, — 2y hz t + leh’Z 13 34b

ly 0 . 28



526 54
h, t =coshsycoshsexp — ig, st l,_g=5=0 35
— sinhsgsinhsexp 1 €, + 0 - 0, 35a h, t =coshsexp - ig,
Ry t =sinhsycoshsexp —1 ¢, — 0, h'y t = — sinhsexp i €, + 0 4
— coshsysinhsexp 1 €, + 0 35b h, t =coshsexp - ie,
h, t =coshsycoshsexp - ie, h', t = - sinhsexp i ¢, + 0
— sinhsysinhsexp 1 ¢, + 0 - 0, 35¢ 41 40
hy t =sinhsocoshsexp -1 e, - 0, AX ? :% cosh2s — sinh2scosd
— coshsgsinhsexp 1 €, + 0 35d
:% exp — 2s coszg + exp 2s sin’ g
2% 27
42a
X= @ +af +a+a; 27 o,
R AY ° = u cosh2s + sinh2scosd
Y= a, -a +a,-a; /2" . 36
=l exp — 2s sin® 0 +exp 2s cos’ 9
) ' 4 2 2
o XY =1i2. 37 420
Y U l¢g 0 =100
AX = AY ° = 1/16. 38 1
., 42 X cosl >
1A/4 AX “<1/4 tanhs ¥V cosf < —tanhs. 0=
X 29 0 = AKZAV:=1/16
0=0 A)Afz—iex -2s AV ?
8 ‘Sb 0 = =4 XP
=%exp 2s X
Y 0=m
4.1.
¢ 0 = 0==n/2 3n/2 AX 2 AV 2 =1i6cosh223.
‘ a, a, t>0
o1 =010 la a . 39 42 Fock
33 34 36 ala a =ala Fock Yy 0 =
a Wla, a =ala, a X v | n, n, t>0
ot =010 1In n, . 43
IV S 334 36 ¥ ¥
=% hohi + Kok + hohy + hyhy
7 * ! % ’ * rox AX : = Xz - X] :
+ hih'y + hy hy + hyh'y + h, hy .
40a =g h +hs h,+hy, 1+2n,
AR N .
| / , +§ h| +h2 h1+h2 1+2n2
=§ hlhl% + hllhl& + hzh; + hlzhz*
, v 44a
— hhy = h| hy — hyh/; = hy )" AV 2= 92 _ §°
40b 1. .
=g hy —hs h, —h, 1+2n



2 527
+% K —h, W, - ki 1+2n, ot
st l,.o=30
=0 44 Fock
AX ? :% n, + n, +1 cosh2s — sinh2scos@
:% n,+n, +1 exp —2s coszg H
+exp 2s sin® % 45a 0=0 =
NG :% n, + n, + 1 cosh2s + sinh2scos0
:% n,+n, +1 exp —2s sin’ £ 29 30 2
+ exp 2s cos g 45h
. i 1 16 2
AXzAYzzT6 n,+n, +1° cosh’2s
- sinh™2scos™0 . 46
45 X cos@ > tanhs . 2 w =0V 0, =05 G, =kel2
n, +n, i 0 ¢t =n/2-2%-9% G, =6G,=6=020=w, +w,
n, +n, +1 Sil’lth cos 4 A.Q(L) — O ¢
< — | tanhs + n1+;12.h2 . 0=0 = 13 14 s = ket/
+n, +
nl i s s 26t :7T_2\Qt_¢ ZIZZZ:ZIOZZQ():O
o o 1
AXZAY2=T6 n1+n2+12 25 26 SO:O g, =w;t €y =wyt o
-0 11 =0 30a
USRI 0 28 Eexp i walay + @l
n, +1 AX ? =% n+n,+1 exp -2s < % —exp ket/2 - a,a,6 " +ayage
1 XeXp —1 wlaral +w2a;a2 t
X AY *=— n, +n, . aia it on
4 =exp —1 w @ & + w,a; Ay
+1 exp 2s v xexp - ketl2 aae - arate™® . 47
0=m .
0 =xn/2 3n/2 35 33 34
AX 2 AV ? =T16 n, +n, +1 *cosh®2s. @, t = a,cosh ket/2 + @;sinh ket/2
x exp — i exp — iwt 48a
5 a, t = aycosh ket/2 + @ sinh ket/2
x exp — i exp — iw,t . 48b
47 4 1.6 1.11
Fock 13 25 35 48 kel2=y $=0 22
40 44 AX 2 AV 2 5.30 5.31 . 2 $ 1
Gt ¢t =t2-wt G, t =-g G =6,=0 G= w, +
) 4 w, 12 5 D=w- w +
29 42 45 w, #0 13



528 54
30a 5 10
13
1 Lai Y Z and Liang J Q 1996 Acta. Phys. Sin. 45738 in Chinese in Chinese 1996 45912
1996 45 738 16 Fu) Gao X C Xu]J B and Zou X B 1998 Acta. Phys. Sin. 47
2 LiuDY 1998 Acta. Phys. Sin. 47 1234 in Chinese 606 in Chinese 1998
1998 47 1234 47 606
3 XuXW LiuSDand Ren T Q 1999 Acta. Phys. Sin. 48 1601 17 Ful] Gao X C Xu]J B and Zou X B 1999 Acta. Phys. Sin. 48
in Chinese 1999 48 1011 in Chinese 1999
1601 48 1011
4 Zahler M and Ben-Aryeh Y 1992 Phys. Rev. A 45 3194 18  ShenJ Q Zhu HY and Li J 2001 Acta Phys. Sin. 50 1884 in
5 Rekdal Per K and Skagerstam Bo-Sture K 2000 Physica Scripta . 61 Chinese 2001 50 1884
296 19  ShenJ Q Zhu HY and Shi S L 2002 Acta Phys. Sin. 51 536 in
Lewis H R Jr and Riesenfeld W B 1969 J. Math. Phys. 10 1458 Chinese 2002 51 536
Lewis H R Jr 1967 Phys Rev. Lett. 18 510 20 Zhu HY and Shen J Q 2002 Acta Phys. Sin. 51 1448 in Chinese
8 Dang L F 1998 Acta. Phys. Sin. 47 1071 in Chinese 2002 51 1448
1998 47 1071 21 XuHL ShenJ Q and Chen Y X 2003 Acta Phys. Sin. 52 1372
9 Berry M 'V 1984 Proc. Roy. Soc. London Ser. A 45 392 in Chinese 2003 52
10 Gerry C C 1989 Phys. Rev. A 39 3204 1372
11 Gao X C Xu J B and Qian T Z 1991 Phys. Rev. A 44 7016 22 Walls D F and Milburn G J 1994 Quantum Optics Berlin = Springer
12 LiBZ ZhangD G WuJ H and Yan F L 1997 Acta Phys. Sin. 46 23 Fan HY and Jiang Z H2004 J. Phys. A Math. Gen. 37 2439
227 in Chinese 1997 24 Carruthers P and Nieto M M 1965 Am. J. Phys. 33 537
46 227 25  Caves C M and Shumaker B L 1985 Phys. Rev. A 31 3068
13 LiBZ Zhang L Y and Zhang X D 1997 Acta Phys. Sin. 46 2081 26 PengJ S and Li G X 1996 Introduction to Modern Quantum Optics
in Chinese 1997 46 Singapore  World Scientific  in Chinese 1996
2081
14 LiBZ HouBPand Yu W L 1998 Acta Phys. Sin. 47 712 in 27 Marlan O. Scully and M. Suhail Zubairy 1997 Quantum Optics
Chinese 1998 47 712 England Cambridge University p66
15 Gao X C Gao J and Fu J 1996 Acta Phys. Sin. 45 912 28  Dodonov V V2002 J. Opt. B Quantum Semiclass. Opt. 4 Rl



2 529

The evolution and two-mode squeezed states of the time-dependent
two coupled harmonic oscillators

Li Jiang-Fan' > Huang Chun-Jia' Jiang Zong-Fu® Huang Zu-Hong'

' Department of Physics and Electronics Changsha University of Science and Technology ~Changsha 410077 China

"' Institute of Science National University of Defense Technology ~Changsha 410073 China
Received 7 April 2004  revised manuscript received 21 May 2004

Abstract
A closed solution of the Schridinger equation for a time-dependent two coupled harmonic oscillators including a driving part
and a two-mode coupled part is derived by adopting the Lewis-Riesenfeld invariant theory and properly chosen Hermitian invariant
operators. The evolution operator of the system and the condition for generating two-mode squeezed states are obtained. It is
shown that the quantum fluctuation of squeezed states of the system is independent of the driving part but depends on the initial

states of the system.
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