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Comment on "Electric dipole interaction in quantum optics"
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It is shown that both Hamiltonians, one with —P E and the other with —P A as interaction energy between an
atom and the electromagnetic field, lead to Maxwell's equations. In contrast to the viewpoint in Mandel's paper, E is
considered to be proportional to the canonically conjugate 6eld of the vector potential.

In a recent paper, ' it has been suggested that the
minimal coupling Hamiltonian E,"(r, f) = —.~ [At (r, t), H ] = E,(r, I),
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is to be preferred over the point-electric-dipole
Hamiltonian

while for (2),

E,"d(r, t) = —.~ [A;(r, t), H ]

II =~ E'0E'+—B' da+Hz- p, t ~ E r0, t 2
0

because of the claim that the former leads to
Maxwell's equations for the electromagnetic field
in contrast to the latter. However, in our previ-
ous work, ' we have shown that both Hamiltonians
give rise to Maxwell's equations. In this com-
ment, we give an explicit demonstration that (2)
does indeed give Maxwell's equations.

For both Hamiltonians, the conjugate field
variables are X and -e,E/c which are subject to
the commutation rules,

~

A, (r, t), —~ E~(r, t)) =ilf5„(r —r )

and the electric radiation field E" (r, t) is given
by

=E,(r, t) —.+ [At(r, t), —
I) (t) ~ E(r, I)]
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Thus, from the point-electric-dipole Hamiltonian
(2), we have the equations of motion
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E"d(r, 6 = ——A(r, t) . (4)

Now, for Hamiltonian (1), and
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E'0 E'0

= —[Vx E' (r, t)]r. (8)

Equations (7) and (8) are the Maxwell's equations
for the radiation field with the transverse current
density )t~5;, (r —rg. As expected, these are
identical with those derived from Hamiltonain (1).
Based on these considerations, both Hamiltonians
are equally acceptable for the study of interaction
of light with atoms or molecules. In fact, per-

l

turbation calculations of quantities such as energy
shifts and transition rates give identical results.
Finally, we point out that the demonstration that
both Hamiltonians lead to Maxwell's equations is
independent of the electric dipole approximation;
the general development is given in Ref. 2.
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