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The results of long-term monitoring of the sources 3C273, 3C279 and 3C454.3 at 102 MHz–36.8 GHz
are presented. Numerical analysis of irregular temporal rows of the integral fluxes allowed us to detect
the quasiperiodic constituents of the emission flux variations. The analysis of the parameters of binary
black holes in the central regions of non-stationary objects demonstrates that these super-massive
objects have an insignificant variation between the sizes of the orbits of partners, and that they are in
the stage of evolution different from the time of merging by a period of less than 104 years.
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1. Introduction

At present, much attention is being paid to the study of non-stationary extragalactic radio
sources. This is related to the need to construct a picture of the physical processes of energy
release in the central areas of these objects, resulting in the observed phenomenon of the
variability of emission fluxes. In spite of the generally accepted hypothesis about what exists
in the centre of variable extragalactic sources of massive and super-massive binary black holes,
a detailed picture of the processes occurring there has remained unclear until now.

First it is necessary to specify the mechanisms which initiate the phenomenon of the
transmission of perturbations into bipolar jets. The reasons for the change in the rate of
accretion on the disc of the central component are not studied. We do not even confidently
know the parameters of the medium in which the motions of the partner in the orbit take place.
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When discussing the parameters of the accretion disc, its size in relation to the central black
hole, its density and its structure are all certainly unknown.

Here, the analysis of the long-term rows of the observational data obtained at five frequencies
in the radio range from 102 MHz to 36.8 GHz is continued. The original data were obtained
with the radio telescope RT-22 of the Crimean Astrophysical Observatory (22.2 and 36.8 GHz)
and with the RT-26 of the University of Michigan Radio Astronomy Observatory (4.8, 8
and 14.5 GHz) and with the DKR-1000 radio telescope of the Pushchino Radio Astronomy
Observatory (102 MHz). The data combined with our earlier published data were supplemented
with observations obtained by other workers [1–5]. An attempt is made to find some general
trends for the variations in the emission fluxes in the studied sources in order to clarify the
details of the kinematics and dynamic features in the system of close binary black holes in the
cores of active galaxies.

2. Numerical analysis of irregular temporal rows of integral fluxes of radio sources in
the database of the Crimean Astrophysical Observatory and the University of
Michigan Radio Astronomy Observatory

Since the analysed data do not have a constant time step, the method of spectrum analysis of
temporal rows is applied. A software package allowing us to calculate estimates of the power
spectra in different ways is developed. It enables us to eliminate the spurious peaks caused by
unevenness of the temporal grid, and also to reveal reliable spectral maxima with the assigned
probability. Using this package it is possible to minimize the influence of the unevenness of the
temporal grid on the calculated periodogram which is an estimate of the power spectrum. One of
the estimates of the power spectrum often applied in practice is the low-state (LS) spectrum [6].
This is based on the fitting of the temporal row by the sum of harmonic functions using the
least-squares method. An advantage of the LS spectrum is the exponential distribution of the
counts of the white-noise periodogram; its main drawback is the absence of an analytical
relation between the estimate of the power spectrum and its true value. Another method,
which is free of this drawback is the calculation of the Shuster periodogram D(w), which is
related to the true power spectrum g(w) and the spectral window W(w) by the fundamental
relationship [7]

D(w) =
∫ ∞

−∞
g(w′)W(w − w′) dw′.

The presence of this relation allows us to ‘clean’ the spectrum, i.e. to remove the side lobes
and peaks caused by the limited and irregular temporal grid, and also false maxima arriving
as a result of noise.

In the present work, the spectrum is ‘cleaned’ using the CLEAN algorithm method.
The essence of this algorithm is its iterative subtraction from the ‘dirty’spectrum of all reliable
maxima. Every subtracted spectral peak is described by its complex amplitude, frequency and
spectral window depending on the distribution of the temporal counts produced. All subtracted
peaks form a ‘clean’ spectrum free of false maxima and noise components.

To detect the temporal shift between every pair of records x1(t) and x2(t), their mutual
cross-correlation function R(τ) was calculated:

R(τ) = lim

(
1

T

∫ T

0
x1(t)x2(t + τ) dt

)
.

Because counts from the explored temporal rows are distributed unevenly, in the calculation of
cross-correlation the data were interpolated on an even temporal axis with the step determined
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from the maximum of the distribution of distances between every neighbouring count. From the
location of the maximum cross-correlation function that is the nearest to zero it is possible to
determine the delay or advance (depending on the sign of the abscissa of the proper maximum)
of the signal at one frequency relative to the signal at another frequency.

3. Quasiperiodic constituents of variations in the emission fluxes from the
examined objects

Variations in the emission fluxes from non-stationary extragalactic sources have a complex
structure. As a rule, a few quasiharmonic constituents, the periods of which are somewhat
different for different frequencies, are present. At high frequencies the flares are traced.

The spectral parameters of a burst of emission have substantial distinctions even at the
same frequencies. Nevertheless, in the emission from non-stationary sources there are certain
conformities to a law that can imply a natural selection of objects which we can observe at a
certain level of sensitivity of the equipment. This is probably confirmed by the fact that from
all galaxies of high luminosity we see only an insignificant part. We observe them at small
inclination angles to the jets (within the limits of 10◦). Similar values apply also to the angles
of precession cones of the central body.

From the data obtained from the analysis of interferometric observations of the source
3C273, Torres et al. [8] found a long-period (about 16 years) component which is explained
by the precession changes in the system. There the half-opening precession cone angle was
determined to be θ ≈ 4◦, the inclination angle ϕ ≈ 10◦ and the Lorentz factor ϒ = 10.8.
On the basis of harmonic analysis of the light curve of 3C273 at 22 GHz a period of 8.3
years was obtained [9], which is close to the value of the semiperiod of precession, as shown
by Torres et al. Presumably, the duration of continuous rows of observations at high radio
frequencies does not allow us to retrieve a reliable period for the source studied at present.
This is confirmed by our information on the harmonic analysis of variations in the 3C273 flux
at six radio frequencies shown in figure 1. The mean value of the semiperiod of precession
turns out to be equal to 7.9 years, which coincides approximately with the doubled value of
16 years.

For 3C273 we derived the shortest period of flux variations of about 2 years. When it
is remembered that θ ≈ 4◦ for 3C273, it becomes clear that there is the possibility of the
appearance of a semiperiod in relation to the precession period. The small size of the opening
angle of the cone of precession of the central component of 3C273 results in the fact that there
are no noticeable trends in the flux variation curve on temporal scales comparable with the
period of precession [10]. The present period of 2 years is a multiple of both the semiperiod
and the period of precession; therefore we have harmonic components of 8 and 16 years.

In the case of source 3C454.3 (figure 2), the presence of a periodic component of 1.55 years
is found [10]. This period was compared with the orbital period of the partner of the central
black hole. It is shown that the orbital period Torb, the period Tpr of precession of the central
body in the double system (of masses m and M) and the period Trot of rotation are functions
of the masses, i.e. depend on (m + M)/m:

m + M

m
= 0.75

TrotTpr

T 2
orb

,

which on substitution of the appropriate periods Torb = Trot = 1.55 years and Tpr = 13.5 years
gives an (m + M)/m value of 8.7.
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Figure 1. Light curves for 3C273 at 102 MHz–36.8 GHz.

In accordance with equation (7) of [10] we obtain an expression for the mass of the partner
of the central black hole:

m = 8π2r3

GTorb(3TrotTpr)1/2
.

It was noted that the parameters of the orbit of the partner in the condition when the mass of the
central body must not exceed 1010M� and when the minimum value is determined by the losses
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Figure 2. Light curves for 3C454.3 at 102 MHz–36.8 GHz.

due to gravitational radiation correspond to the values 3 × 1016 cm � r � 1017 cm. The time
of existence of such close double systems is about 104 years. The values of the masses of the
central black hole and its partner were obtained for 3C454.3 according to M = 5 × 109M�
and m = 6 × 108M�. It was determined using the following values: the Lorentz factor ϒ = 5
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Figure 3. Light curves for 3C279 at 102 MHz–36.8 GHz.

and the red shift of the object z = 0.86. The narrow interval for the parameters of the orbit of
the partner is being investigated, including the strong dependence of its mass on the size of
the orbit.

Similar calculations for source 3C273 with the initial data Tpr = 16 years and Torb = 1.55
years at ϒ = 10.8 and z = 0.16 result in the value (m + M)/m = 8, which means that the
central black hole is seven times more massive its partner.
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Appropriate values for the masses, m = 5 × 107M� and M = 4 × 108M�, ensure that the
size of the orbit of the partner remains at the former level. We note that on increasing the masses
of the central black hole and its partner by an amount of the order of the size, the sizes of
the orbit of the partner are multiplied just twofold. The substantial appearance of the physical
picture of the partner does not change.

From the harmonic analysis of source 3C279 (figure 3) it is possible to determine the
presence of a period of about 30 years. The characteristic trends found in the light curves at
the resulting frequencies confirm this fact. A short period of 1 year is presented. The value of
(m + M)/m equals 30, which exceeds by almost eight times the previous values for 3C273 and
3C454.3. Values for the masses of the partner and the central black hole are m = 6 × 108M�
and M = 1.9 × 109M�, respectively. Of the three systems of binary black holes considered,
the most massive binary system is 3C454.3.

The basic conclusions from the resulting analysis of the parameters of binary black holes
in the central regions of non-stationary objects is that these super-massive objects have an
insignificant variation in the sizes of the orbits of their partners and that they are in a stage of
the evolution different from the time of merging by a period of less than 104 years.
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