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Abstract
It is acknowledged that the expression obtained by Hnizdo (Hnizdo V 1999
Phys. Rev. A 60 4191) in integral form for the time-averaged radiation reaction
force F̄ RR is correct. It is shown that our expression (Compagno G and
Persico F 1999 Phys. Rev. A 60 4196) for the same quantity is also correct,
contrary to Hnizdo’s claim.

PACS numbers: 03.50.De, 03.70.+k, 12.20.−m

In his comment Hnizdo (H) evaluates the average value F̄ RR , over a finite time T = t ′′1 − t ′1,
of the radiation reaction force FRR(t) of a nonrotating free charge uniformly and rigidly
distributed within a sphere of radius a using expression (3.8) in our paper [1] for a charge
initially deprived of the transverse field. H then puts F̄ RR in the form

F̄ RR = q2

T

∫ t ′′1

t ′1

dt1Q(t1)f (t1) (1)

where Q(t) is the one-dimensional trajectory of the charge, subject to the conditions of slow,
small amplitude motion. In this way Hnizdo obtains expression (10) for f (t1) in the preceding
comment and remarks that this expression is the same as that obtained by himself in a previous
paper [2],

f (t1) = 1

2a3
(χ − 2)(2 − 2χ − χ2)�(2 − χ) χ = t ′′1 − t1

a
. (2)

The latter expression for f (t1) had been criticized by us as incorrect in a paper [3], where
instead we fostered use of the following form for f (t1):

f (t1) = 2

3
�2

∞∑
n=0

(−1)n

n!

1

cn+2
[δ(n+1)(t ′′1 − t1) − δ(n+1)(t ′1 − t1)]〈rn−1〉 (3)

where δ(n) ≡ dnδ/dtn1 ; 〈rn〉 = ∫
V

d3x1
∫
V

d3x2 rn, r = |x1 − x2|; V = 4πa3/3 and � is the
uniform charge density within the sphere. It should be noted that there is an obvious sign
misprint in expressions (5) and (9) of [3]. Since expression (3) is apparently very different
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from H’s expression (10) in his comment, he deduces that our expression (3) is in error and
our criticism of (2) was unjustified.

The following remarks are in order:

1. It is true that in our paper [3] we claimed that H’s expression (2) for f (t1) is incorrect.
We are glad to acknowledge that H has now shown that this is not the case.

2. However, we shall show that our expression (3) is also correct and equivalent to (2). In
fact using result (4.7) of a paper by Barton [4] to evaluate the factors 〈rn〉, expression (3)
can be transformed as

f (t1) = 2

3
�24π

V

c2

∫ 2a

0
r

[
1 − 3

2

r

2a
+

1

2

( r

2a

)3
] ∞∑

n=0

(−1)n

n!

rn

cn

× d

dt1
[δ(n)(t ′′1 − t1) − δ(n)(t ′1 − t1)] dr

= 2

3
�24π

V

c2

∫ 2a

0
r

[
1 − 3

2

r

2a
+

1

2

( r

2a

)3
]

×
[
δ(1)

(
t ′′1 − t1 − r

c

)
− δ(1)

(
t ′1 − t1 − r

c

)]
dr. (4)

The δ-functions in the last line of equation (4) satisfy dδ/dt1 ≡ c dδ/dr . Using this
property, defining

g(r) = r

[
1 − 3

2

( r

2a

)
+

1

2

( r

2a

)3
]

(5)

and integrating by parts we obtain

f (t1) = −8π

3
�2 V

c

∫ 2a

0
dr g′(r)

[
δ
(
t ′′1 − t1 − r

c

)
− δ

(
t ′1 − t1 − r

c

)]
(6)

where g′ = dg/dr and we have used g(0) = g(2a) = 0. δ-functions integrated in a
limited interval satisfy

∫ b

a

f (x)δ(x − x0) dx = f (x0)�(b − x0)�(x0 − a). (7)

Using equation (7) it is easy to see that performing integration the second δ-function in
equation (6) does not contribute and we obtain

f (t1) = −8π

3
�2Vg′[c(t ′′1 − t1)] �

(
2a

c
− t ′′1 + t1

)

= −8π

3
�2V

{
1 − 3

c(t ′′1 − t1)

2a
+ 2

[
c(t ′′1 − t1)

2a

]3
}

�

(
2a

c
− t ′′1 + t1

)
. (8)

The last form of expression (8) can be easily shown to coincide exactly with (2), when
the units of measure used by H are taken into account.

3. We never objected to the use of (1) to evaluate F̄ RR . What we objected to was the
procedure adopted by H in his paper [2] (from equations (10) to (17)) in order to perform
the integration in (1) approximately. Our expression (3) is particularly convenient in order
to evaluate the integral in (1) exactly, as we have done in [3], apart from a sign misprint.
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