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GRAVITATIONAL RADIATION AND SPIRALLING TIME OF
CLOSE BINARY SYSTEMS

(Letter to the Editor)

T. D. PADALIA
Uttar Pradesh State Observatory, Naini Tal, India

(Received 8 May, 1987)

Abstract. Power-output by gravitational radiation (Pg) and spiral time (1, ) for individual systems of sixteen
eclipsing binary stars have been evaluated, and a relation between P, and 1, obtained.

1. Introduction

About 150 close binary systems have been considered by us for gravitational radiation
study. These systems are mostly taken from a paper by Giannone and Giannuzzi (1974).
The present study includes the following eclipsing binary systems: EI Cep, WX Cep,
ST Per, VZ Hya, XY Cet, XY Cep, AS Cam, ZZ Cep and ¢ Aql, AO Mon, CW Cep,
RT And, DI Peg, RX Her, TV Cas, CM Lac.

Absolute dimensions of EI Cep, VZ Hya, and AS Cam were determined by us
(Padalia and Srivastava, 1975) and that of XY Cet by Srivastava and Padalia (1975)
using our own light curves. The masses, period, and radii of relative orbits adopted in
the present study are given in Table I.

2. Equations and Assumptions Used

For a binary system whose relative orbit is circular the power output by gravitational
radiation Py is given by the equation

2 4/3
Py = (L) (ﬂ) " p10 30 5 1026 W, (1)
My/ \Mg

where u = m;m,/M and m, and m, are masses of components of a binary system.
M = m; + m,, the total mass of the system, M, = the mass of the Sun, P = period of
a binary system (in hours).

If a binary system has an elliptic orbit, the bodies will collide after a spiralling time
given by Equation (2) - i.e.,
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Parker (1983), where c is the velocity of light; a,, the initial radius of the relative orbit;
and G, the universal constant of gravitation. A few systems may have a very low orbital
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Fig. 1. Curve ABC showing parabolic relation between spiral time (along the Y-axis) and gravitational

radiation (along the X-axis) for sixteen eclipsing binary systems, where ¥ = logt, — 10 and X = log P, — 19.

The solid curve indicate a free-hand curve drawn through the systems. The shape of the curve between B
and B’ is tentative.

eccentricity whereas the others may have considerable eccentricity (in case of AS Cam
e determined by us is 0.157). Therefore, in determining the values of P, and 1, for
16 systems in question, we have assumed that (1) the relative orbits are circular and
(2) the orbits are elliptic.

3. Discussions and Results

Gravitational radiation Py and spiral time 7, have been determined with the aid of
Equations (1) and (2), respectively. The values are reported in Table I. The systems
divided in two groups (between curve 4 to B and B to C) have been arranged in Table I
following an order from maximum power output to minimum. It is interesting to note
that the order of spiralling time is mostly reverse — i.e., that the system which has the
maximum power output has the shortest spiralling time, or it should collapse first. The
order of spiralling time may vary slightly within the uncertainties of the parameters
determined by various authors, or else they are poorly observed.
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Gravitational radiation Py (in watts) along the X-axis and spiralling time 1, in years
along the Y-axis have been plotted in Figure 1 (curve ABC). It is found that X and Y
follow the relation, viz.:

Y:

2.1
P + 0.1, 3)

where X = logP; — 19 and Y = log 7, — 10 for the part 4 to B, and from B to C follows
a parabolic relation:
X - 3.8y
= (738) + O.
1.5

Y 1. 4)

However, the systems which happen to lie in the region B to B’ are yet to be investigated.

4. Conclusions

Gravitational radiation for the remaining 134 close binary systems have also been
determined by us. Spiralling times will be determined for the systems for which radii of
relative orbits are available. The above relations (3) and (4) are of new type. These can
be used to catalogue in a different way a large number of binary systems falling in various
mass groups, period, and evolutionary status. More can be concluded for the systems
lying right, left or on the curve ABC, itself.

Since P, depends on w (angular velocity of a single star) it may happen that two
systems may have the same mass and period but different values for Pj. In that case,
the two systems will be situated in different portions of the 7, — P, diagram if the values
are different for the two systems. This may explain the fact that one such system lies
on the curve 4 B while the other system far away along the X-axis for the same spiralling
time. If higher gravitational radiation is observed, this may indicate that the system has
components of high rotational velocity which would compensate for extra gravitational
radiation, or else some alternative explanation may be required.
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