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with time-dependent applied forces 
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t Institute of Physics, Chinese Academy of Sciences, Beijing, People's Republic of China 
B Graduate School, Chinese Academy of Sciences, Beijing, People's Republic of China 

Received 20 September 1991 

Abrtrsel. The quantized (2+ 1)-dimensional Davey-Stewmtson I system with time- 
independent applied forces has been solved in a recent letter. In this letter, we give the 
solution for the case when the applied forces are time-dependent. 

nte HamiItonian of the system considered here is 

- q * ~ d ~ + d ~ ~ q + ~ q * ~ ~ ~ ~ d ; ~ + ~ , d ; ' ~ ~ s * q ~ l s ~ ~ u ~ + u ~ ~ s * q ]  C (1) 

where q and q* are field operators which satisfy the following equal-time commutation 
relations 

and a;' is defined by 

In (1) e is the coupling constant, and U, = U,([, 1) and u2= u2( 1). t )  are time-dependent 
applied potentials (here we assume they are all real). 

We note that the Heisenberg equation id,q = [q, HI for the field operator q is just  
the Davey-Stewartson I (DSI) equation [2] 

id,q = -$[d:+d&+iA,q -iA,q (4) 

where A, and A, now are chosen as 

A, = -ica,a;'(q*q) -iu,(f, t )  

A2=icJ,d;'(q*q)+iu2(q, t )  

and x = (1/2)(f+ q), y = (1/2)(f - 7). Solutions of the initial-boundary-value problem 
for the related classical DSI equation can be found in [3]. 

11 On leave of absence from Institute of Physics, Chinese Academy of Sciences, Beijing. People's Republic 
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In the case when U, and u2 are time-independent, the exact solution for the 
Hamiltonian (1) has been given in [l]. Here we consider the case when U, and u2 are 
time-dependent, and we are to find state I$) which satisfies 

HlJ,)=iJ,lJ,) (6)  
with the initial condition I$( f = 0 ) )  = 

Now consider an N-particle state 

I J , ) = I d ~ , d l l i . . . d 5 N d t ) ~ J , (  ~ ~ ~ v i : - . . : ~ ~ . v ~ ; f ) q * ( ~ i , ? 1 ) - - . 4 * ( ~ n , v ~ ) / O )  (7) 

where 10) is the vacuum state with the property qIO)=O, and q*(& v)= 
e-jH'q*(5, 1). I) eiHr is the creation operator in the Schrodinger picture. Substituting 
(7) into (6) ,  we obtain the following time-dependent Schrodinger equation for the 
wavefunction J, 

N N 

i=1 i c; i = l  
- (J:,+J~,,)J,+c 1 [6'(5s)~(lls)+6'(vs)&(~s)1~+ c [ul(ci, f)+u,(vi,  0 1 ~ 1  

= iJ& (8) 

where qs = vi - vj, 6'( qij)  = J,,8( vs) and E (  vs) = 1 for vs > 0, 0 for vu = 0, and -1 for 
vs < 0. Because of the commutation relations (2), the N-particle wavefunction J, should 
be symmetric with respect to the permutation of coordinates (&,v i ) .  

= J,o, we suppose that (XI(& f ) }  
and (Yk(v, f ) ]  are two sets of orthonormal wavefunctions for the following I D  time- 
dependent Schrodinger equations 

In order to solve (8) with the initial condition 

(9) 
[-a;+ U,(.$, ~ ) l x i ( k  f )  =iJ,xd#, 0 
[-J2,+U2(v9 t)lyk(% f)=iJtYk(v, f )  

where [ ( k )  is the index used to distinguish different wavefunctions. It can be easily 
proved by directly checking that 

J,= 1 4 ( 4 } ,  ( k i } ) ~ { ~ , t ( k , t  (10) 
{ h h t  

is the solution of the time-dependent Schrodinger equation (8 ) ,  where A is a time- 
independent coefficient determined by the initial value of J, and ' p l l , t ( k , ~  is defined by 

Here P are N! permutations, and ( l j )  and (ki} are two ordered sets with I, < I N  and 

In order to determine A, we need the following expression for the scalar product 
k ,  < k,. 

between 'p* and 'p 

( ( P $ , l ( k , t r  ( P ( l ; H k ; t )  E d51 dtlt . . . dSNd't~(*1, t{k, t~P( l i ) ( * i )  I 
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where 

and S,,t(t;t= 1 for the case when the two set { l j )  and { I ; )  are the same and 0 for the 
other cases. (12) is obtained by using the symmetric property of q and the orthonormal 
properties of {XI} and { Yk]. 

With (12) we can derive an expression for A. Substituting it into (10) we finally 
obtain that 

is the solution of the time-dependent Schrodinger equation (8) with the initial condition 

Physical quantities such as the transition probability of the system can be readily 
calculated by using (14), provided the time-dependent I D  Schrodinger equations (9) 
have been solved. Although the spectral theory of (9) for general potentials ui still 
remains open, there do exist some classes of potentials ui for which (9) has been 
solved. For example, when 

* l t=o=$o .  

U d f ,  t )  = ~ l ( Z - v l t - 5 0 ) 2 / 2  u d q ,  ~ ) = ~ ~ - U I ~ - V O ) ~ / ~  (15) 

with 01(02) > 0 (here mi and vi are all constants), the solutions of (9) are 

~ ~ ( 5 ,  I )  = H , ( A , &  exp{i+u,(c-fo,t - eo) - i f i  (r+f)t-fA:& 
I ' A 2  (16) U,( 7, I )  = Hk ( A 2  6) eXp{ifoz( q - t - q o )  - i 6  (k + f ) I - zA2 q } 

where 
1 

A! = (wj/2)1/4 5- 5 - V I  f - eo 7j = q - u21-q" 

and Hl([ ) ' s  are the Hermite polynomials. This is the simplest example. Some compli- 
cated examples can be found in [4] and [ 5 ] .  The problem of finding new classes of 
potentials ui for which ( 9 )  can be solved will be further studied. 
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