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Reply to ‘‘Comment on ‘Limits of the measurability of the local quantum
electromagnetic field amplitude’ ’’

G. Compagno and F. Persico
Istituto Nazionale di Fisica della Materia and Dipartimento di Scienze Fisiche e Astronomiche dell’ Universita`, Via Archirafi 36,

90123 Palermo, Italy
~Received 3 May 1999!

We argue that the criticism by Hnizdo@preceding Comment, Phys. Rev. A60, 4212~1999!# of the results
obtained by Compagno and Persico@Phys. Rev. A57, 1595 ~1998!# on the theory of measurement of the
amplitude of the quantum electromagnetic field is unfounded. By a simple and direct approach we show that
the quantities evaluated by Hnizdo in his Comment are incorrect and we present the correct results.
@S1050-2947~99!05911-9#

PACS number~s!: 12.20.Ds
in
n
ea
th

ge

,

nt.
ex-

his

ent

do

’s

e-
ncor-
e
n

The origin of the misconceptions in Hnizdo’s argument
the preceding Comment@1# can be best illustrated by a
exact and simple evaluation of the relevant quantities app
ing in his Comment, rather than by checking through
complicated mathematics developed in a previous paper@2#.

We start from Hnizdo’s definition, Eq.~4!, for f (t1),
which we write, using our notation and for a uniform char
density, as

f ~ t1!52r2E
t
dt2E
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d~ t22t12r /c!. ~1!

Using]G/]x152]G/]x2 and]G/]t152]G/]t2 as well as
the spherical symmetry of the pointer, we have
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whereD2 is the Laplacian relative tox2 . On the other hand
it is well known that
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Consequently integration overt2 yields

f ~ t1!52
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3@d~ t192t12r /c!2d~ t182t12r /c!#, ~4!

where we have assumed the weak definition ofd for conve-
nience@3# and wheret18 and t19 are the extremes oft. The
usual retardation expansion leads to
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3@d~n11!~ t192t1!2d~n11!~ t182t1!#^r n21&, ~5!

where

d~n![]nd/]t1
n , ^r n21&[E

V
d3xW1E

V
d3xW2r n21. ~6!

Expression~5! shows thatf (t1) is a highly singular function,
in contrast with Hnizdo’s expression~9!. Thus the integra-
tion in Hnizdo’s expression~3! for the time average of the
self-forceFD cannot be performed as in Hnizdo’s Comme
Consequently, Hnizdo’s whole argument leading to his
pression~17! must be considered as flawed.

Turning to the evaluation ofg(t2), we use Hnizdo’s defi-
nition given in the first equality of his expression~19! in the
Comment. Assuming uniform charge density, we write t
as

g~ t2!52r2E
t
dt1E
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For the spherical case considered by Hnizdo, an argum
parallel to that leading from Eqs.~1!–~5! above yields

g~ t2!52
4p
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cn12 @d~n11!~ t22t19!

2d~n11!~ t22t18!#^r n21&, ~8!

whered (n)[]nd/]t2
n . Similarly to f (t1), alsog(t2) is highly

singular and different from the expression given by Hniz
in his Eq.~19!. Consequently, integrals involvingg(t2) must
be handled differently from the way described in Hnizdo
Comment.

Given that the expressions forf and g in Ref. @1# seem
incorrect, also Hnizdo’s expressions for the various tim
averaged quantities he has chosen to evaluate must be i
rect, sincef and g enter the definition of all these averag
quantities. In what follows, we shall illustrate this by a
4196 ©1999 The American Physical Society
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explicit evaluation of the same time averages, using the
rect expressions~5! and ~8! above forf andg.

The average self-force cannot be evaluated as~approxi-
mately! done by Hnizdo in expression~10! of the Comment
in view of the singular character off. However, use of our
expression~5! and of term by term partial integration yield
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3@Q~n11!~ t19!2Q~n11!~ t18!#^r n21&. ~9!

The series on the right-hand side of this expression can
interpreted as the time average of the Abraham-Lore
radiation-reaction force acting on the pointer in the abse
of the neutralizing body@4#, whereas the first term represen
the nonretarded Coulomb pull from the neutralizing bod
since we have defined

Q̄[
1

t E dt1Q~ t1!. ~10!

Setting formallyQ(t1)[1 in Eq. ~9!, we find immedi-
ately

1

~rVt!2 E
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which is in disagreement with Hnizdo’s result~12! as well as
with his conclusions in@2#. Using Eq.~11!, the average self-
force can be cast in the form

F̄D5F̄BR2 2
3 r2

1

t (
n50

`
~21!n

n!

1

cn12
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where we have set

F̄BR[r2V2tQ̄A% xx
~ II ! . ~13!

Expression~13! is the time average of the nonretarded Co
lomb force exerted by the neutralizing body on the point
The fact that in the spherical case it has exactly the fo
proposed by Bohr and Rosenfeld~BR! for the total self-force
should not obscure the facts~i! that it vanishes in the absenc
of the neutralizing body@hence the Compagno and Persi
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~CP! conclusion that no spring mechanism is necessary
evade quantum limitations on the measurability of the fi
amplitude @5## and ~ii ! that the average self-force can b
approximated by Eq.~13! only when the radiation reaction
can be neglected~which is in agreement with CP@5# but in
contrast with Hnizdo’s contention that the time average
the radiation reaction force contains terms linear inQ!.

Finally, we note that the time average of the retard
Coulomb attractionFQ between the neutralizing body an
the pointer cannot be evaluated as described by Hnizdo
lowing expression~18! of his Comment, because of the sin
gular character ofg(t2). It is straightforward, however, to
perform the integral in this expression~18! using Eq. ~8!
above. The correct result is
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which is in contrast with Hnizdo’s expression~21!.
In summary, our exact and direct approach for the sph

cal case indicates that Hnizdo’s expressions forf (t1) and
g(t2) are incorrect. Since the two quantities appear in
definition of all the average forces that Hnizdo has chose
evaluate, also the expressions for these average forces
incorrect. Thus it is not surprising that the physical conc
sions that Hnizdo draws from these expressions are
founded. A particularly relevant example of this is Hnizdo
conclusion that the average value ofFRR should be propor-
tional to Q in the absence of the neutralizing body. This c
hardly be the case~even for the spherically symmetri
pointer considered here! since it is in contrast with transla
tional invariance of the pointer-field Lagrangian. It is al
clear, in the light of the present analysis, that Hnizdo’s co
tention that some of the findings of the CP paper@4# are
incorrect must be regarded as unfounded.
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