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Comment on "Approximate solution of the hydrogenlike atoms in intense laser radiation"
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Rashid [Phys. Rev. A 40, 4242 (1989)] proposes an approximate solution for the relativistic hydrogen
atom in a laser 6eld. The error he quotes is such that the solution becomes exact in the nonrelativistic
limit. It is shown here to be in error.

PACS number(s): 31.15.+q, 03.65.Ge, 31.20.Wb, 31.30.Jv

The hydrogen atom in an intense electromagnetic field
is the central problem in the field of multiphoton physics.
Radhid [1] claims to have given an approximation to the
relativistic (Dirac equation) solution to this problem with
errors of the order of the "Kibble parameter, " which is
the free-electron quiver energy divided by the rest energy
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It is then used to construct an approximate solution to
the Dirac equation with both Coulomb and plane wave
field by

where all the parameters have their usual meaning. In
the nonrelativistic limit c.k vanishes and then the expres-
sion should be exact. In fact, the contention is incorrect
and the procedure is just an attempt at a relativistic gen-
eralization of the transformation to the Kramers frame
which has become so popular lately.

Rashid's procedure is as follows: An operator R [Eq.
(3.1)], was defined which takes a plane-wave solution of
the Dirac equation into a Volkov state (an electron in a
plane-wave field),

posedly yields terms of order c.k.
The error involved in the procedure stems from the

fact that 8 is a very complex operator depending upon
the 4-momentum operator and it has been improperly
handled. The relativistic factors and the matrix opera-
tors in R and t)'jH clutter the discussion and make it
difticult to follow. It is simpler to go directly to the non-
relativistic limit where the error is much more evident. It
can also be handled relativistically in an approximate
form [2].

In the nonrelativistic (spin-independent) limit we get
for a linearly polarized field
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where in the usual notation

a =eE/mcus U =e E /4m'

The nonrelativistic form of (3), when substituted back
into the appropriate Schrodinger equation is not zero. If
the equation is multiplied from the left by 8 NR the result
is
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where AH is the solution in the presence of the Coulomb
potential alone, i.e., the textbook hydrogen wave func-
tion. Operation on 1b~ with the Dirac operator (with
both the Coulomb and plane-wave interaction) then sup-

The new Hamiltonian operator is the familiar Hamiltoni-
an in the accelerating frame [3] and the wave function

is not an approximate solution of this equation.
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