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tained with the help of an advanced or a half-retarded,
half-advanced Green's function. ~

Lubanski's method can be generalized and applied
to all Eqs. (7). If a retarded Green's function is used,
this leads in the second order to equations of motion
which include radiation damping. The equation for the
ith particle is
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Here Iy'P is the retarded solution (9), with the ith
term in the summation omitted, and evaluated at
x„=s'„.If a time-symmetric G-reen's function is used,
the equation for the ith particle obtained is of the
form (10) without the damping terms, and the y's are
the half-retarded, half-advanced solutions of (6); an
application of the Wheeler-Feynman method will
again lead to Eq. (10) with retarded interactions and
including radiation damping.

Equations (10) are Lorentz-invariant and reduce to
the Newtonian equations in the nonrelativistic limit,
if radiation damping is neglected. For a body moving
around a fixed mass, the advance of the perihelion ob-
tained is 7/6 of the correct value, if radiation effects
are not considered. ' Quite generally these efFects are
much too small to be observable. For a system of par-
ticles they are much smaller than appears at first glance
from Eqs. (10) because of partial cancellation due to
the fact that in the nonrelativistic limit the gravita-
tional dipole moment of the system about the center-of-
mass vanishes. "

This feature is not revealed by a fixed-mass approxi-
mation to the solution of Eq. (10).It similarly remains
hidden if one replaces the consideration of a system of
interacting particles by that of a particle moving in a
"background field. " Our method can be applied with
minor modifications to the problem of the derivation
of the equations of motion of such a "test particle"
beyond the customary approximation. " The method
can also be generalized to include higher poles and
nongravitational fields in the energy-momentum tensor.
The details of all these calculations will be published
elsewhere. We only note one significant result: if the
gravitational and nongravitational interactions are of
the same order of magnitude, we obtain, e.g., for par-
ticles carrying electric charges e', on the right hand side
of Eq. (10) the additional expression

where lF'I"" is the retarded electromagnetic field due to
all particles except the ith one. Therefore the gravita-
tional and the electromagnetic radiation damping terms
are of the same form, and thus it appears that gravita-
tional radiation eGects have as much reality as electro-
magnetic ones.
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ECENTI Y the forward scattering dispersion rela-
tions have been used to analyze the scattering of

negative pions on protons. ' The result was a very poor
ftt below resonance with f2=0.08; or a moderately poor
fit above resonance with f2=0.04. However f'=0.04
is not consistent with the forward scattering of positive
pions. It was inferred that the dispersion relations were
violated; or if f'=0.04 was accepted, that charge inde-
pendence was violated. Subsequent investigations have
shown that the e6ects of electromagnetic or strange
particle interactions' would not alter the results
appreciably.

We have recalculated the integrals' 5 over total
cross sections that appear in the dispersion relation.
The result has proven to be very sensitive to the chosen
energy dependence of the total cross section. This is
due to the strong dependence of the integral on the
derivative of the cross section with respect to energy.
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FIG. 1.Total cross section for negative pions. The experimental
results are given together with the probable errors. Curve A is
similar to that of reference 3. Curve B is more consistent with
the dispersion relations.

In Fig. 1 are presented two curves of the cross sec-
tion versus energy which correspond adequately to the
data. Curve A is similar to the curve used by Anderson,
Davidon, and Kruse. ' Curve 8 begins to rise more
rapidly near 100 Mev, which may be attributed to the
influence of some of the p waves. It should be noted
that the difference between curves A and 8 is permitted
chief by the data near 100 Mev, which has a large
experimental error. Curve 8 also has a somewhat
larger maximum than Curve A. The important eBect
is the substantially greater slope of 8 over A in the
region near 150 Mev, where the previous analysis had
achieved a very poor fit. A similar variation is possible
in the curve of the positive-pion total cross section, but
the dispersion relation for forward scattering of nega-
tive pions is not sensitive to this. For higher energies
than 350 Mev we use the values indicated by reference 1.

In Fig. 2 the forward scattering resulting from Curve
A is plotted for f'=0 04 and f.'=0.08. The result is
similar to that of reference 1. We have added the ex-
perimental value of the forward scattering at 307 Mev,
which is now available. 4

In Fig. 3 the forward scattering resulting from Curve
8 is plotted for f'=0.07 and f'=0.08. Both of these
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FIG. 3. The forward scattering amplitude for negative pions.
The theoretical curves are calculated from Curve 8 of Fig. 1.
The experimental values are the same as in Fig. 2.

values of f are consistent with the positive pion scatter-
ing and with photoproduction. ' For both values the fit
is much better than obtained in reference 1. For f'
=0.07, only the 170-Mev forward scattering amplitude
is in serious disagreement. The result could be further
improved by minor modi6cations in the total cross-
section curve employed.

We conclude that Curve 8, or some similar curve
through the total cross-section data, does not signifi-
cantly contradict the dispersion relations or charge
independence. It should be possible to distinguish ex-
perimentally between Curves A and 8 by re-examining
the 100-Mev region.
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FIG. 2. The forward scattering amplitude for negative pions.
The theoretical curves are calculated from Curve A of Fig. 1.
The experimental values are as given in reference 1, except that
for 307 Mev. 4 In the latter case only the statistical error is
included.
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A 5 is well known, the question of parity conservation
in particle decays was raised first by the proper-


