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Comment on “Solution of the Schradinger equation for the time-dependent linear potential”
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It is shown that the wave function recently found by Guelddsys. Rev. A63, 034102(2001)] is a special
case of the well-known Volkov solution to the time-dependent Stihger equation describing a nonrelativ-
istic charged particle moving in an electromagnetic field.
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In a recent papelrl], Guedes solved the time-dependenthere in the Coulomb gauge. One can easily verify, that the
Schralinger equation for the linear potential of the form wave function(1b) is a solution of Eq.(1a for any time
V(X,t)=qeoXx+qe X coswt. The author of Ref{1] used the dependence oA(t). The vector potential describes the inter-
so-called Lewis and Riesenfe(tiR) invariant method2] to action between the charged particle and the electromagnetic
obtain analytically the wave functioriEg. (18) of Ref.[1]].  field in the so-called velocity fornfor velocity gauge But
The main purpose of the present Comment is to explain thawithin the dipole approximation one can use another equiva-
this wave function is simply a special case of the well-knownlent description, which is called the length forfor length
Volkov solution. The latter one can be parametrized by agauge. In this case, Eqs(l) have the following counter-
wave vectok. We show that the Guedes’ result is the Volkov parts:
solution withk=0. Moreover, it is shown that the LR invari-
ant method may be easily extended to get the more general
Volkov solution with any reak.

One of the gquantum-mechanical problems, whose exact
analytical solution to the time-dependent Sclinger equa- iq i t
tion exists, is a problem of charged particle interacting only P V(x,t)=N exr{lkx+ —A(t)x— 5 (ﬁk

: S . 2 m#
with a plane-wave electromagnetic field. This solution is
known as the Volkov or Gordon-Volkov wave functigB,4. 2
+ —A( )) }

"2

|h \I’ (x,t)= [p—+qF(t)x T'(x,t), (2a)

In applications it is assumed that the field can be treated in (2b)
the so-called dipole approximation, i.e., the electric-field
strength is only a function of time, but does not depend on e .
coordinates. This is the case where the wavelength of eleé'yhere the - electric-field strengtfh vector 'SF(rt])
tromagnetic radiation is much larger than the spatial size OE —LlcaA/ot. One can obtain Eqe2) from Egs.(1) by the
interest(for example, in the process of ionization of atoms ienau-Power transformatioib,6]. This is a unitary gauge
by a laser beain For a nonrelativistic particle, the Schro transformationU of the wave function and operato(¥’
dinger equation and its solutioiin a one-dimensional ver- =0%, andO’'=U000 1), where

sion) can be written as follows:

2 U=ex;{ﬂA(t)X : (3
i~ \If(xt) —|p+- A(t)) T(xt), (13 hc

Then the operators in Eqla) become transformed as fol-

i 2 .
\I’}(’(x,t)zNex;{lkx—ﬂ fik+— A(T)) lows:
(1b) K L N W PSP -
_ _ _ A\ at) T o we (P)'=p—ZAM), (¥)'=x.
For convenience, we use the same units and notation as in (4)
Ref.[1]. W)/(x,t) is just the Volkov solution. It depends on a
real parameter—the wave vectofor the canonical momen- In the Ref.[1] the author says, “... it seems that no one

tum #Ak) of the particle, which has an electric chargey, had reported the solution of the ScHinger equation for a

and a massn. p= —ifd/dx is the momentum operatar,is  particle in a general time-dependent linear potentig,t)

the speed of light, andll is the normalization constant. The =f(t)x.” However, we think that this solution is very well

vector potential of the electromagnetic fied(t) is given  known to the community of atomic physicists, particularly to
those who investigate interactions of intense laser fields with
atoms. The solution for this time-dependent linear potential

*Permanent address: Katedra Fizyktdavej i Bezpieczestwa IS given here in Eq(2b). A general solution of Eq(2a) is a
Radiacyjnego, Uniwersytetu'idakiego, Ul. Pomorska 149/153, 90- linear combination of the Volkov wave functions correspond-
236 tadz, Poland. ing to different wave vectork.
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COMMENTS

SubstitutingA(t) = — c(egt+&/w sinwt) in Eq. (2b) for
the vector potential of electromagnetic field, we obtain

v . igx .
P Y (x,t)=Nex IkX—%(sowt-i-sSInwt)-i-

ikq (#Zko?t

- 7| o eolwt?=2e(1—cosat) | +
iq2 [ed(wt)®
o[ ot Sin 2wt

+é& ?— 4 ®
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strengthe, it is more difficult than usual, to recognize the
Volkov solution in Eq.(5).

But the LR invariant methodl1,2] is also able to repro-
duce the Volkov wave function with any wave vectorThe
function of time »(t) from Eq. (16) of Ref. [1] [which is
given there explicitly in Eq(173] satisfies the additional
condition (0)=0. This condition seems to have no justifi-
cation. If one releases this constraint assumi{®)=ik,
and recalculates the wave function, the final result is just the
Volkov solution given in Eq(5) of this Comment. Of course,
there is no reason to assume tkas a real number, except
the fact that it has a clear physical interpretation of the wave
vector.

In conclusion, we have proved that the wave function
from Eg. (5) can be derived in two different ways. Both
methods and their relationship deserve further investigations.
The LR invariant method has been already used in a few
problems(see the references [ri]), and probably will find
some other applications. Also, the method of unitary trans-
ormations of the time-dependent Sctimger equation has

This substitution just corresponds to the interaction potentiaLeen useful in finding an approximate Coulomb-corrected

(in the length form from Ref. [1], namely qF(t)x=qgegX

+ge x coswt. Whenk=0, the Volkov wave function given

in Eq. (5) exactly reduces to Eq18) of Ref. [1]. [By the
way, we note two tiny misprints in the powers gf in this

Volkov-type solution in a certain specific casg.

Note added in proofRecently M. Fend8] showed a yet
more general analytical solution to the Safirmer equation
with the time-dependent linear potential. In fact, our E).

equation, and a similar one in E@QL7b).] Perhaps, due to the is a special case of his E(¥). However, the Volkov solution
nonvanishing constant component of the electric-fieldwas not mentioned by M. Feng in this context.
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