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Can Classical and Quantum Variables have a and similarly forQ©(¢) and P (¢). The expressions for
Consistent Mutual Interaction? the energy of each oscillator are

In a recent Letter [1], Anderson presents what he H, = HY co@ Tt + HY sif Tr + K© sin2lt,
descr!be§ as “a ,mathematlcally cqn5|ste1r11t scheme for Hy = Hi(l)) oS + H,(Zo)sinz It — KO sin2ls.
coupling ‘classical’ and quantum variables.” (The author
puts “classical” in quotes becagse ‘the classical varlable\%/here KO = (1/2hw(@OPO — 0Op0). The time
evolve to become correlated with the state of the quantu erivatives offl.. andH.. are given b
variables. Because this correlation may be with differen 4 l 9 y
states in a quantum superposition, the classical varlableﬁ _ F(_H(O) SinaT's + H(O) sin2l'r + 2K© cosaI's).
need not have a definite value but may take a distribution”? 0
of values depending on the quantum state”.) It is theHy = T'(— Hcl sin2't + Hy sin2I't — 2K© cos2T'r) .
purpose of the present Comment to show that coupling a
system which is described classically to a system which Consider now initial conditions where both the classical
is described quantum mechanically leads formally toand quantum oscillators are in their respective ground

physical inconsistencies, that is, results that are physicall§tates. This means th&(0) = P(0) = 0, and(HfIO) =

impossible. (1/2)hw, so that
As an illustration, | choose a particularly simple exam-
ple: the behavior of two coupled similar linear oscillators, <Hq> = —(1/2)hwl sin2lz,

one described classically and the other quantum mechani-
cally. The Hamiltonian of the combined system is given

by H = H, + Hy + H, where Although both oscillators are initially in their ground
_ 2 2 — 2 2
Hy = (1/Dholg” + p0). Ha = (1/2ha(0” + P7), states and the coupling energy is zero, the quantum os-
and H' = #T(gQ + pP). cillator begins tdoseenergy while the classical oscillator

Here,q and p are the dimensionless coordinate and mo-begins togain energy. The mathematical—or formal—
mentum, respectively, of the quantum oscillator, obeyingeason for this physical impossibility is that the classical
the commutation ruléq, p] = i; Q and P are the cor- oscillator sees the zero-point energy of the quantum os-
responding coordinates of the classical oscillator obeyingillator as available energy that can be tapped, and the
the Poisson bracket relationsHi@, P} = 1. H,, Hy, and  quantum oscillator sees the zero energy of the classical
H' are, respectively, the guantum-oscillator Hamiltonian,oscillator as a lower energy level to which it can descend.
the classical-oscillator Hamiltonian (whetiehas only di-  In other words, to the classical oscillator, zero-point os-
mensional significance) and the interaction Hamiltoniarcillations appear to be oscillations that can do work. Had
(chosen to be of the rotating-wave type for simplicity). both oscillators been treated quantum mechanically, the
The following are the Heisenberg equations for the quanzero-point energies would have canceled each other.
tum oscillator and Hamilton's equations for the classical One can consider the interaction between dissimilar and
oscillator: more complex systems by means of perturbation theory

g=wp + I'P, p=-wqg—T0Q, [2], and come to the same conclusion: The mutual inter-
. . action of classical and quantum variables leads formally to

Q=wP+Tp, P=-0Q-Tq. physically impossible results when zero-point fluctuations
The solution is given by (in effect—the uncertainty principle) cannot be ignored.

q(t) = ¢Or)cosI't + PO(r)sinTr,

I.R. Senitzky

= O — 00 i
p(1) = pP(n)cosl's — QD) sinl'z, Center for Laser Studies, University of Southern California
0(t) = 09()cosI't + pO(r)sinTt, Los Angeles, California 90089-1112

Hy = (1/2)hoTl sin2lt.

P(1) = PO(r)cosI't — ¢O(r)sinTt,
where the superscripi)) indicates the behavior of the
variable in the case of the free, or uncoupled, oscillatoReceived 13 March 1995 [S0031-9007(96)00169-X]
(I' = 0). Thus, PACS numbers: 03.65.Sq, 04.62.+v

O(¢) = ¢(0) coswt + p(0)sinwr
(1) = qO)coswt + pO)sinwr, [1] Arlen Anderson, Phys. Rev. Letf4, 621 (1995).
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