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What is Binary system



Types of binaries



Roche lobe

The teardrop-shaped regions of space bounded by 
this particular equipotential surface are called Roche 
lobes.



Overflowing Roche lobe. The matter from the 
filled lobe of the more massive star (left)
exits through the L1 point and forms a 
counterclockwise rotating accretion disk 
surrounding the compact object 
The two stars in a binary system can 
directly affect each other’s evolution 
through accretion of matter from one to 
the other, tidal forces, and gravitational 
radiation, among other factors. The star 
separation and period of the orbit will be 
modified by the transfer of mass. 

angular momentum 

Accretion



The two stars in a binary system can directly affect 

each other’s evolution through accretion

of  matter from one to the other, tidal forces, and 

gravitational radiation, among other factors.

The evolution of  a particular system may thus be 

somewhat uncertain. 

Stars in a binary system will interact tidally. 

Within a few stellar radii, the forces can be very

strong. Such interactions result in a loss of  energy 

that leads to circularization of  an elliptical

orbit and also to synchronization of  the spin periods 

of  the stars and the orbital period.

The circularization and synchronization are due to 

the gravitational effect of  tidal bulges

raised on one or both stars. When the orbit is 

circular and both stars are synchronized to the

orbit, there is no more energy loss due to tidal 

dissipation. The system can then rotate with stable 

period and separation until some other effect 

perturbs it – perhaps the evolution of  one

of  the stars

Evolution of Binary system



White dwarf binarys Main sequence star and black hole

the black hole is evident to us because of 
the substantial gaseous matter being 
accreted into it.  A possible evolutionary 
path of two normal stars to a
high-mass x-ray binary 

If the white dwarf accretes matter from a binary 
companion, its mass will gradually increase.
This will cause it to decrease slowly in size 



As a first step toward the understanding of GWs, we wish to study the 
expansion of the Einstein equations around the flat-space metric. 
Therefore we write 

The Riemann Curvature Tensor becomes 

The Ricci Tensor 

d’Alambertian operator. 

is the trace of the perturbation 

The Einstein Tenzor

Gravitational radiation





M the total mass

µ the reduced mass

The orbital frequency can be found from Kepler’s law

The corresponding energy density is: 



the solution of the wave equation inside the source gives the wave amplitude Aµν (ω) as an integral of 
the stress-energy tensor of the source over the source volume



we shall use the conservation law that Tµν satisfies

we finally findfrom

This is the gravitational wave emitted by a gravitating system evolving in time. 
It can be composed of masses or of any form of energy, because mass and 
energy are both sources of the gravitational field.
Gravitational radiation has a quadrupolar nature. A system of accelerated 
charged particles has a time-varying dipole moment

quadrupole moment tensor of the system

the non vanishing components of the 
quadrupole moment 



Gravitational radiation has a quadrupolar nature. A system of accelerated charged particles has a 
time-varying dipole moment

and it will emit dipole radiation, the flux of which depends on the second time derivative of dEM For an 
isolated system of masses we can define a gravitational dipole moment

which satisfies the conservation law of the total momentum of an isolated system 

For this reason, gravitational waves do not have a dipole contribution. It should be stressed that for a 
spherical or axisymmetric, stationary distribution of matter (or energy) the quadrupole moment is a 
constant, even if the body is rotating. Thus, a spherical or axisymmetric star does not emit gravitational 
waves; similarly a star which collapses in a perfectly spherically symmetric way has a vanishing qik and does 
not emit gravitational waves. To produce these waves we need a certain degree of asymmetry, as it occurs 
for instance in the non-radial pulsations of stars, in a non spherical gravitational collapse, in the coalescence 
of massive bodies etc.



the orbital period T of a binary system decreases in time due to gravitational wave emission. T˙ ≡ dT/dt
The orbital evolution driven by gravitational wave emission quietly proceeds bringing the stars closer. As their 
distance decreases, the process becomes faster and the two stars spiral toward their common center of mass 
until they coalesce.

the gravitational luminosity
Power radiated in 
gravitational waves by a 
binary system in circular orbit:

how the orbital period 
changes due to the 
emission of gravitational 
waves

the orbit of the real system has a quite strong eccentricity ! 
0.617. By doing the calculation using the equations of motion 
appropriate for an eccentric orbit we would find



Thus, the prediction of General Relativity are confirmed by observations. This 
result provided the first indirect evidence of the existence of gravitational waves 
and for this discovery Hulse and Taylor have been awarded of the Nobel prize in 
1993. For the recently discovered double pulsar PSR J0737-3039



Knowing the energy lost by the system, we can also evaluate how the orbital 
separation l0 changes in time

From this equation we see that when t = tcoal the orbital separation becomes zero, and this is possible 
because we have assumed that the bodies composing the binary system are pointlike. Of course, stars 
and black holes have finite sizes, therefore they start merging and coalesce before t = tcoal is reached. In 
addition, when the two stars are close enough both the slow motion approximation and the weak field 
assumption on which the quadrupole formalism relies fails to hold and strong field effects have to be 
considered; however, the value of tcoal gives an indication of the time the system needs to merge 
starting from a given initial distance l in 0 .

which shows that the orbital separation 
decreases in time.



So, two masses orbiting one another will radiate gravitational waves according to GR because
the mass distribution has a time varying quadrupole moment. The energy loss due to this
has been dramatically demonstrated through the observation of the orbital decay of a two
neutron-star binary system .

where r is the separation between the bodies, t time, G the gravitational 
constant, c the speed of light, and m1 and m2 the masses of the bodies

amplitude

S the star separation

Note that large masses and small separations greatly increase the rate of energy loss. 

https://en.wikipedia.org/wiki/Gravitational_constant
https://en.wikipedia.org/wiki/Speed_of_light
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