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GRAVITATIONAL RADIATION AND SPIRALLING TIME OF CLOSE
BINARY SYSTEMS (V)
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Abstract. Forty-six binary systems with their primary component masses between2 Mo and 3 Mo
have been considered for gravitational radiation study. Power output by gravitational radiation (Pp)
and spiral time 7y for all individual systems have been evaluated. A relation has been given between

Pgp and 7o. The rate of decrease of orbital period (P) has also been given for 10 eccentric orbit
systems.

1. Introduction

In continuation of our earlier work (Padalia, 1991; hereafter referred to as Paper I'V)
on the subject, where binary systems with primary components only in the mass
range between 1 M and 2 M were considered, we have evaluated Pg and 7
values for 46 close binary systems with their primary component masses between
2 Mg and 3 M, . New relations between Pg and 7y have been established. Unlike
in Paper IV, where the same mass range systems formed two distinct groups,
the present systems seem to fall into one group. Out of the total binary systems
investigated in the present paper, 10 systems have eccentric orbits. For these 10
systems, the rate of decay of orbital periods, due to the loss of energy from the
system via gravitational radiation emission, has also been given. The masses,
periods, eccentricities and radii of relative orbits adopted in the present paper are
given in Table L.

2. Discussion and Results

The equations used for determining Pp, 19 and P are given below:

2 4/3
H M —-10/3 26
Pg=(-—) (—) P 0x 10°°W, 1
o= () () 70 2
5c5a8
0= 256G3u M2’ @
P 96G3 uM? 73 , 37 4)
Lo ety et 3
P~ 5cdi(1— )2 (1 T 2% T 56° )
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Fig. 1. Relation between gravitational radiation (along X-axis) and spiralling time(along Y-axis) for
the 46 binary systems given in Table I. Due to paucity of observational data we cannot make any
specific statements regarding the dashed extrapolated portion of the curve in Fig. 1.

The above three equations have been cited in our earlier papers Padalia (1987) and
Paper IV. The values of Pg, 79 and P thus determined are reported in Table I. We
found that Pg is inversely proportional to .

Gravitational radiation Pg (in Watt) along X-axis and spiralling time 79 (in
years) along Y-axis have been plotted in Fig. 1. It is found that X and Y follow the
relation:

Y = 0.02536 X° — 0.2137 X* + 0.5597 X3 — 0.410 X% — 0.87 X + 3.07

where, X =log Pg —19and Y = log rp — 10. The rate of decrease of orbital period
(P) due to gravitational wave emission of the eccentric systems (out of the present
46) is reported in the last column of Table L. It is found that (P) is of the order of
10~ . This rate of period change is similar to the four binary systems in the mass
range between 1 M, and 2 M, reported in Paper IV.

In Papers III (Padalia, 1990) and IV, we noticed that out of a number of binary
systems considered in each paper a few systems formed different groups as per
Ppg and 1y relations. In Paper III, the binary systems considered were taken with
different masses, that is, primary components between masses 0.8 Mg, to 47 M, ,
or the systems were taken in a random way. In Paper 1V, however, all the systems
were takenfrom the same mass group between 1 Mg and 2 M, (primary compo-
nent); therefore, in this case, a conclusion was drawn in regard to bifurcation, that
the mechanism of binary star formation and evolution or a possible gravitational
radiation burst might be responsible for this deviation. Since the systems of pa-
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per III were of a different mass group, no such conclusion can be drawn. For the
present close binary systems, the Pg vs. 1 relation follows a single curve and thus
shows no bifurcation. It indicates that the factors affecting 1 My, systems are not
operative for 2 Mg, systems. Therefore, to make this study more conclusive, it is
required that binary systems systematically in the mass range 3 Mg and onwards
need investigation for gravitational radiation study.

In a number of binary star systems, after a lapse of several decades since their
discovery, period variations have been observed. For most of the systems, causes
for period variations have not been given; in a few cases, mass transfer, mass loss
from the system and other such regions have been given. In the course of our
gravitational radiation (GR) study for various binary systems, we may come across
such systems whose rates of period decrease P due to GR alone may be around
10712 to 10~ '3 causing total period change of about 10~7 to 108 days in a span
of about 100 years. Therefore, whatever other causes of period variations may be,
correction factors for period variations due to loss of GR from the systems would
have to be introduced for all such (period) variable systems. Only after such a
correction, can net values of period variation attributed to mass transfer, mass loss,
etc, be estimated. Hence, binary systems possessing high eccentric orbits and low
periods require further investigation.
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