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A fully relativistic treatment is given to analyze the electromagnetic radiation induced
by gravitational perturbations in extreme relativistic regions. For the sake of clarity,
results are presented here for the simplest possible example: an uncharged mass m
falling radially into a field of a Reissner-Nordstrgm solution. Explicit results govern-
ing the energetics of the process are found. The amount of electromagnetic radiation
radiated can be of the order of magnitude of the gravitational one.

The problem of gravitational and electromag-
netic radiation under extreme relativistic re-
gimes has been recently examined in a series
of researches’ based on the Regge-Wheeler?-
Zerilli® formalism. The interest in this research
stems not least from the clear possibility of ob-
serving these effects either during the processes
of gravitational collapse,* or in collapsed objects
in binary systems.® The aim of this Letter is to
communicate a fully relativistic analysis of pro-
cesses which can occur in gravitational collapse.
We study the feasibility and efficiency of conver-
sion of gravitational radiation into electromagnet-
ic radiation, and other problems related to the
coupling between electromagnetic and gravitation-
al fields.

Here the main results of the purely formal in-
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vestigation are presented.® Astrophysical impli-
cations will be presented elsewhere. To clarify
the phenomena in the simplest possible case we
analyze the radial infall of an uncharged system
of mass m into a Reissner-Nordstrgm solution
of charge @ and mass M.” The physical phenom-
enon we are interested in can be summarized as
follows: The infalling neutral object perturbs the
background geometry by emission of gravitation-
al waves impinging on the surface of the col-
lapsed object. Electromagnetic radiation is then
emitted by the system. In return, the variation
in the electromagnetic field will itself generate
an emission of gravitational radiation.® This
coupled effect is here examined and explicit re-
sults given. The equations® governing the pro-
cess considered in this paper are
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with

Si2=4ey ( +3)% T [y (w2 + 3y — 2Q7),

where
eV=1-2/r+Q*/v*, (3)
dv/dr*=e¥, x=(1-1)1+2)/2, (4)

T (r) indicates the time coordinate of the trajectory of the test particle, and

Ve =eu(l(lu) _6.8@ 4[(3r-4Q°P(r-@) -’ (3r=5Q°)r°] _2e’(3r - 4Q°) > 5)
! ¥? ot A%+ 3r - 2Q%*)* 2%+ 3r - 2Q%)2/°
Diagrams of the effective potential of Eqs. (1) and (2) are given in Fig. 1 for a value of I=2. The ra-
dial coordinate, the charge of the black hole, and the frequency of the radiation, as well as the func-
tion T(r), are measured in units of the black-hole mass, while y,=e” dT /ds, where s is the arc length
along the geodesic. The radial function f;, is related to the components of the electromagnetic tensor
F,, needed to compute the radial flux of electromagnetic energy by

Fp=e” yfloyzo,e, Fiq :e-yfonlo, o Foa= (df,o/dr*)(l/iw)Y,o.e, Fog=~ (df,o/dr*)(l/iw)Y,Q@ (6)

ELECTROMAGNETIC The radial function R;, is related to the function
K,, given in Ref. 3 by

dR,,
dr*”’
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As usual® we have imposed the conditions of pure-
ly ingoing waves at the black-hole surface and
purely outgoing waves at infinity. We then have
for the expression of the gravitational energy
emitted, averaged over all angles,

<§§ =m2wR ¥R, UL +1)(L - 1) +2)/327, (8)

(=]
N
»
— T

T T T T T T T 1T

T

FIG. 2. Electromagnetic radiation (measured in units
of the rest mass m of the particle) emitted by a radially

FIG. 1. Effective potentials for the gravitational and infalling particle starting at rest at infinity. The inten-
electromagnetic perturbations, for I=2, as a function sity is here given for selected values of the multipoles
of the coordinate 7*; for a direct comparison we have as a function of the frequency (measured in units of the
given on the curve of the effective potential the corre- black-hole mass). The diagram on the left (right) re-
sponding value of the coordinate 7. fers to a black hole with @ =0.5 (@ =0.8).
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FIG. 3. Gravitational radiation emitted by radially in-
falling particle starting its motion at rest at infinity in
the field of a Reissner-Nordstrgm black hole with @
=0.8.

and for the electromagnetic energy,
dE
E>=Q2m2floflo*l(l+l)/2”a 9)

where @ is the charge of the black hole measured
in units of the black-hole mass and m is the mass
of the test particle. Details on the integration
techniques are given elsewhere.'® Some of the
main results are presented in Figs. 2 and 3.

We can then summarize the main results as
follows:

(1) The gravitationally induced electromagnetic
radiation originated by a radially infalling un-
charged test particle in a field of a Reissner-
Nordstrgm metric is

AE~0.03mQ%*m /M),

which can clearly be of the same order of mag-
nitude as the radiated gravitational energy, name-
ly,

AE ~0,010m (m /M)

(see Fig. 2).

(2) The total amount of gravitational radiation
emitted, as well as its multipole distribution, is
not affected by the presence of a charge on the
black hole (compare and contrast Fig. 3 in this
manuscript with Fig, 1 of Davis et al.!?).

(3) The dipole (=1) electromagnetic radiation
term is consistently lower, as a consequence of
the “feedback” terms in Eqs. (1) and (2), than
the quadrupole (!=2) term. As the value of @ in-
creases there is a slow enhancement of the high-
er multipoles (compare and contrast the =3

curves in Fig. 2 in the two cases @ =0.5 and
=0.8).

A detailed analysis of the results here present-
ed as well as the gravitationally induced electro-
magnetic radiation from more general trajec-
tories are given by Ruffini and Zerilli.'?
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