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Abstract—The results of radio observations for ten kinetically dominated quasars are presented. The
observations have been performed at 3.5 cm with the RTF-32 radio telescopes at the Zelenchukskaya
and Badary observatories of the Institute of Applied Astronomy of the Russian Academy of Sciences. The
kinetic power of the relativistic jets and the spins of the supermassive black holes in these objects have been
determined from radio luminosity measurements. The rotation of the black hole in these objects is shown
to be retrograde with respect to the Keplerian rotation in the accretion disk in the case of an approximate
equality between the magnetic and gas pressures near the black hole event horizon.
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INTRODUCTION

Valuable information about the relativistic jet pro-
duction mechanism and the mechanism of interaction
between the accretion disk and the outflow of matter
from the accretion disk can be obtained by investi-
gating the variability of the radio emission from active
galactic nuclei (AGNs).

There are supermassive black holes in the central
regions of AGNs. Two physical parameters are most
important for describing such black holes (BHs): the
BH mass Mgy and spin Jgy (Dotti et al. 2013).
The dimensionless spin equal to a = J/M3, in the
universally accepted coordinate system with G = ¢ =
1 is commonly used.

In this paper, we show how the magnitude and
direction of the spin of a supermassive black hole
(SMBH) can be determined from the radio flux den-
sities of several AGNss.

There are data on the spins of several AGNs in
the literature (Brenneman and Reynolds 2006, 2009;
de la Calle Pérez et al. 2010; Patrick et al. 2011;
Brenneman et al. 2011; Reynolds 2013). In these
papers, the spin was determined by analyzing the
shape of spectral lines in the X-ray band of the elec-
tromagnetic spectrum. Measuring the BH spin is a
critical moment for determining the cosmic evolution
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of massive BHs. The spin determines the efficiency
of physical conversion of accreting-gas gravitational
energy into accretion disk radiation. The generation
of powerful relativistic jets itself depends strongly on
the BH spin (Blandford and Znajek 1977). The gen-
eration of a relativistic jet results from the magnetic
extraction of the rotational energy of the BH itself. In
this case, the magnetic field generated near the BH
event horizon plays a significant role. The radius of
this horizon is defined as

GM,
Ry =Ry(1+V1—-a?), Ry=-—21 (1)

C

where Ry is the radius of the event horizon and Ry is
the gravitational radius of the BH.

The problem of determining the SMBH spin in
AGNSs is the focus of attention of modern astro-
physics. Detailed X-ray spectra taken at the Suzaku
and XMM-Newton X-ray space observatories are
used to solve this problem. As a result, stringent
constraints on the BH spins in a number of AGNs
were obtained in the papers cited above. Neverthe-
less, there exists a rather large scatter of SMBH spin
estimates and, therefore, any independent method
that gives an estimate of the SMBH spin is useful.
The spin can be determined by a standard method
from the kinetic power of the relativistic jet and the
magnetic field generated during accretion near the
SMBH event horizon.
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According to Daly (2011), the spin can be deter-
mined from the formula

al = L V2104 GY (108 Mo
AT\ 109 erg 51 By Mgy )
(2)

where Lj is the kinetic power of the relativistic jet and
By is the magnetic field generated near the BH event
horizon. The coefficient n depends on the relativistic
jet generation mechanism: n = /5 if the jet is gener-
ated during the rotation of a BH with a magnetic field
on its event horizon (Blandford and Znajek 1977) and
n = (1.05)~ /2 if the accretion disk is also involved
in the jet generation (Meier 1999). Thus, the main
problem is to determine the kinetic power of the jet
generated by the SMBH in an AGN and the magnetic
field strength near the BH event horizon.

An expression for determining the kinetic power

of a relativistic jet is presented in Merloni and
Heinz (2007):

log L; = (0.81 £0.11)log Lg + 11.9751,  (3)

where Ly = L(5 GHz) is the radio luminosity of the
AGN at v =5 GHz. As regards the magnetic field
strength near the BH event horizon, it is generally
determined from the relation between the magnetic

and accreting-gas pressures near the event horizon
(Li 2002; Wang et al. 2003):

V2kMe W e\ VP
=5 x 10 (4)
H

Ms

k2 1
X — G,
<€> 14++vV1—a2
where Mg = Mpyi/10° Mg, g = Liot/Ledd, Lool is
the bolometric luminosity of the AGN, Lggq = 1.3 %
1038 (Mpy /M) is the Eddington luminosity, e(a) is
the conversion efficiency of accreting-gas gravita-

tional energy into radiation, i.e., Ly, = eM¢?, where
M is the accretion rate. The coefficient k = % = %
specifies the ratio of the magnetic pressure to the
accreting-gas pressure on the BH event horizon Ry,
[ is the well-known plasma parameter.

Thus, Egs. (2)—(4) allow the BH spin to be esti-
mated if the radio luminosity Ly of a specific AGN is

known.

OBSERVATIONS AND DATA REDUCTION

In 2010—2012, ten kinetically dominated (L; >
Ly) quasars (Veron-Cetty and Veron 2010) were
observed. Their list is presented in Table 1, which
gives: (1) the object name; (2) right ascension «;
(3) declination §; (4) redshift z (Punsly 2007), for
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3C 190 (Nilsson et al. 1993); (5) the largest angu-
lar size Rmax, including the scatter of jets (Nilsson
et al. 1993); (6) the mean flux density St obtained
in this paper over the period of observations 2010—
2012; (7) the variability index V7; (8) the normalized
x? value for real observations; (9) the normalized
theoretical x2(0.1%) value for the 0.1% significance
level; (10) the number of degrees of freedom n; and
(11) the number of sets of hourly observations V.

All our observations aimed at investigating AGNs
were carried out at 3.5 ecm (8.5 GHz) with the
RTF-32 radio telescopes at the Zelenchukskaya
and Badary observatories of the Institute of Applied
Astronomy of the Russian Academy of Sciences (IAA
RAS). All of the program sources were observed with
both radio telescopes. The RTF-32 radio telescope
is a quasi-parabolic mirror 32 m in diameter with a
secondary quasi-hyperboloid 4 m in diameter with
a focal distance of 11.4 m that has an altitude-
azimuthal mounting and an rms surface error of
0.5 mm (Finkelstein 2001).

The characteristics of the RTF-32 receivers are
presented in Table 2: (1) the observatory name; (2)
the receiver noise temperature; (3) the antenna noise
temperature (including the antenna—feeder device
and the “sky”); (4) the system noise temperature;
(5) the antenna effective-area coefficient; (6) the
system equivalent flux density (SEFD); (7) the input
frequency band width; (8) the sensitivity in flux
density for the output frequency band AF =1 MHz
according to the formula

|AF
Pain = V2SEFD i (5)

The observations were carried out in the regime
of scanning in elevation (Ivanov et al. 2005). The
program sources were observed at elevations from
40° to 70°. When determining the flux density of
a program source, we took into account the change
in the antenna’s effective area from our observations
of the reference sources 3C 295, 3C 48, 3C 309.1,
3C 286, and 3C 147. The flux densities of the refer-
ence sources were taken from Ott et al. (1994). We
planned and drew up the programs of observations
using the Sched Maker software (Kharinov 2006).
The reference and program sources were observed in
turn: the reference source during a 10—15 min set and
then the program source during a one-hour set. The
daily sessions were conducted, on average, once in a
weak.

We reduced our observations with the Class
Visual software package (Kharinov and Yabloko-
va 2012) using the Database of Radiometric Ob-

servations (Ivanov et al. 2005). During the primary
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Table 1. Parameters of the program objects
Object o(2000) 5(2000) z Ruax | Stot, mly 1% ¥ | x301% | n | N
1 2 3 4 5 6 7 8 9 10 | 11
3C9 00"20M25522 | 15°40'54770 | 2.018 | 13" 245+12 | 0.04 | 0.60 1.80 43 | 45
3C 14 0073606345 | 18°37'59700 | 1.468 | 24" 286 +19 | 0.10 | 1.33 1.69 55 | 57
3C 82 03"14™M44520 | 43°14’04700 | 2.870 — 131+18 | 0.30 | 2.11% 1.75 48 | 55
3C 190 08"01™33550 | 14°14’42700 | 1.195 4" 418434 | 0.18 | 1.83% 1.80 43 | 44
3C 196 08"13™m36307 | 48°13'02770 | 0.871 57 | 2353474 | 0.04 | 1.05 1.72 51 | 52
3C 216 09"09™33349 | 42°53'46748 | 0.670 57 | 1387448 | 0.03 | 0.76 1.72 52 | 53
3C270.1 | 12"20m33s87 | 33°43/12701 | 1.519 | 12" 530438 | 0.12 | 1.74 1.75 48 | 49
3C 455 22M55M03390 | 13°13'35700 | 0.543 4" 414415 | 0.03 | 0.74 1.72 52 | 53
4C 04.81 | 23"40m57:597 | 04°31715700 | 2.594 3" 255+14 | 0.10 | 0.82 1.99 30 | 31
4C 2521 | 07"33m08570 | 25°36'25700 | 2.686 7" 94421 | 025 | 1.52 2.39 17 | 51
Table 2. Parameters of the RTF-32 receivers
Observatory Tree, K | Tan, K | Tis, K | Antenna efficiency | SEFD,Jy | Af,MHz | Py, mJy
1 2 3 4 5 6 7 8
Zelenchukskaya 15 26 41 0.57 255 900 12
Badary 20 25 45 0.50 300 900 14

reduction in the Class Visual package, the individ-
ual counts within scans were filtered according to
Fisher’s test. The scans that were spoiled consider-
ably by weather or industrial noise and were definitely
unusable were rejected entirely. The final scan of the
set was formed as a result of accumulation. Once the
calibration signals have been taken into account, the
antenna temperatures of the sources were determined
by fitting the final scan with a Gaussian. During the
secondary reduction in the Database of Radiometric
Observations, we constructed a polynomial of the
dependence of the antenna efficiency on elevation
based on the references sources, which was used to
calculate the flux densities of the program sources.

Based on the results of our observations, we deter-
mined the mean flux density over the entire period of
observations S, and the variability index V' for each
source (Table 1). The variability index was calculated
from the formula (Aller et al. 2003)

(SmaX - Usrnax) - (Smin + USmin)

V= )
(SmaX - Usrnax) + (Smin + USmin)

(6)
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where Smax and Spip are the maximum and minimum
flux densities over the entire period of observations.

An additional estimate of the variability for the
program radio sources was made using the x? test,
just as in Gorshkov et al. (2011). For this purpose, we
calculated the normalized x? value for the total period
of observations from the formula

1 S; — St 12
2 4 i tot
X_TLZZ,:|: ASZ :| ’

where n = Ng/ag>5 — 1 is the number of degrees of
freedom, S; and AS; are, respectively, the mean flux
density and its error over the ith set, Sy, is the mean
flux density over the entire period of observations.

When calculating all of the parameters character-
izing the radio emission from our sources, we used
only the measurements with a signal-to-noise ra-
tio >5.

The variability was considered detected if the x?
value exceeded the value for the 0.1% significance
level. Toughening the requirement for the significance

(7)
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Fig. 1. Light curves of the radio sources 3C 9, 3C 14, 3C 82, and 3C 190. Each point on the plot is the flux density averaged over
a one-hour set. The averagemean date (UT) of the session is along the horizontal axis and the flux density is along the vertical
axis. The squares and crosses represent the observations at the Zelenchukskaya and Badary observatories, respectively.

level is related to the large number of parameters that
need to be taken into account when determining the
flux density in each set of observations.

The light curves of the program objects are pre-
sented in Figs. 1—3; they contain all measurements.
[t can be seen on the plots of the light curves that
the results obtained independently at the two radio
telescopes have a good correlation, which is especially
noticeable in the alternation segments and the si-
multaneous observations at the Zelenchukskaya and
Badary observatories. Consider each source sepa-
rately.

3C 9 is a quasar at redshiit z = 2.018. According

to the extraneous radio observations at 2.7, 5, 10.7,
and 14.9 GHz (Laing and Peacock 1980), its flux
density interpolated to 8.5 GHz is S¢,t = 271 mJy.

Over the entire period of its observations at the
IAA RAS radio telescopes, the quasar 3C 9 showed
an almost constant flux density (Fig. 1) near its mean
Stot = 245 + 12 mJy with a small variability index,
V = 0.04. From March 25 to November 28, 2010, it
was observed only at Zelenchukskaya with a constant
flux density of 247 + 10 mJy. The closest observa-
tions at the Badary and Zelenchukskaya observato-
ries were, respectively, on December 5 and 12, 2010,
with flux densities of 212 4 26 and 220 + 25 mJy.

ASTRONOMY LETTERS Vol.40 No.4 2014
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Fig. 2. Light curves of the radio sources 3C 196, 3C 216, 3C 270.1, and 3C 455. The designations are the same as those in

Fig. 1.

In 2011, over two successive sessions at Ze-
lenchukskaya, the maximum flux density Spax =
268 £ 10 mJy (April 3) dropped to 233 +£10 mlJy
(June 19). Meanwhile, three sessions at Badary on
May 11—16 showed an intermediate flux density, on
average, 244 + 8 mJy.

3C 14 is a quasar at redshiit z = 1.468. Its inter-
polated flux density S., = 292 mJy was determined
from the catalog (Laing and Peacock 1980).

The source’s flux density remained constant
(Fig. 1) near Sy = 286 £ 19 mJy with a variability
index V' = 0.1. The set-averaged minimum flux den-
sity Smin = 237 £+ 14 mJy was recorded on March 20,
2011. Seven days later, the flux density returned to

ASTRONOMY LETTERS Vol.40 No.4 2014

its mean level. The maximum flux density Spax =
332 £ 27 mJy was observed on January 29—30, 2012.

In 2011, we conducted three quasi-simultaneous
sessions at Badary and Zelenchukskaya, respectively:
(1) on January 30, 300 £13 (10 UT) and 282 £+
13 mJy (13 UT); (2)on October 23,281 +20(14 UT)
and 314 + 14 mJy (18 UT); (3) on December 4, 298 +
19 (12 UT)and 294 + 19 mJy (17 UT).

3C 82 is a quasar at redshift z = 2.870. The flux
density of this source is known from other obser-
vational data only to a frequency of 5 GHz and is
282 mJy (Riley 1989).

[ts variability index V' = 0.30 was found to be the
maximum one among the sources being investigated
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Fig. 3. Light curves of the radio sources 4C 04.81 and 4C 25.21. The designations are the same as those in Fig. .

here. Its long-term variability is also confirmed by
the significant excess of x? = 2.11 above x?(0.1%) =
1.75. The quasar 3C 82 exhibits noticeable variabil-
ity of the flux density (Fig. 1) near its mean Syt =
131 + 18 mJy. The maximum flux density Sy =
175 £+ 15 mJy was recorded on December 26, 2010.
Then, the flux density dropped until June 19, 2011,
reaching 88 + 21 mJy. The subsequent rise in flux
density lasted until October 23, 2011; it reached
160 + 15 mJy. The recurrent decay continued to the
minimum flux density Spip = 78 + 9 mJy on April 15,
2012. The period of this long-term variability of the
flux density for 3C 82 can be tentatively estimated to
be 11 months.

The 2 value exceeded the value for the 0.1% sig-
nificance level.

We conducted two quasi-simultaneous sessions
at Badary and Zelenchukskaya with the results co-
incident within one o, respectively: (1) on Decem-
ber 31, 2010, 141 +20 (9 UT) and 125+ 15 mJy
(15 UT); (2) on October 23, 2011, 141 £ 17 (15 UT)
and 160 £ 15 mJy (19 UT).

3C 190 is a quasar at redshiit z =1.195. The
interpolated flux density of this source is S, =
479 mJy (Laing and Peacock 1980). The appreciable
variability index V =0.18 is explained mainly by
the initial drop in flux density (Fig. 1) to its min-
imum Spin = 306 +24 mJy on August 15, 2010.
In the remaining time of its observations, the flux
density remained almost constant, near its mean
Stot = 418 £34 mJy. There is a slight excess of
x? = 1.83 above x?(0.1%) = 1.80. The weak spike,
within 20, determined the maximum flux density

Smax = 494 + 23 mJy on February 5, 2011. The only
quasi-simultaneous session was conducted at Barady
and Zhelenchukskaya on October 17, 2010, with
its results being 444 + 56 (1 UT) and 456 + 23 mJy
(5 UT), respectively.

3C 196 is a quasar at redshiit z = 0.871. The
interpolated flux density of this source is S, =
2323 mJy (Laing and Peacock 1980). No significant
variability of the flux density was detected (Fig. 2).
The flux density averaged over the entire period
of observations was Sy, = 2353 +74 mJy with a
variability index V' = 0.04. The maximum flux density
Smin = 2192 £+ 86 mJy was recorded on October 3,
2010, after its monotonic drop that began late in June.
The maximum flux density Spmax = 2520 + 58 mJy
was observed on December 24, 2010.

In 2011, we conducted three quasi-simultaneous
sessions at Badary and Zelenchukskaya, respectively:
(1) on January 30, 2340 + 50 (21 UT) and 2411 +
73 mJy (17 UT); (2) on May 11, 2320 + 51 (5 UT)
and 2228 £ 99 mJy (10 UT); (3)on July 17, 2491 4+ 80
(2 UT) and 2406 £+ 88 mJy (5 UT).

3C 216 is a quasar at redshift z = 0.670. The
interpolated flux density of this source is S, =
1513 mJy (Laing and Peacock 1980). Over all 53
sessions, the flux density remained almost constant
(Fig. 2) near its mean S,y = 1387 £ 48 mJy with a
variability index V' = 0.03. The maximum flux density
Smax = 1464 + 56 mJy was recorded on Decem-
ber 22, 2011. One month later, on January 16, its flux
density was at a minimum, Sy, = 1245 £+ 82 mJy.

We conducted two quasi-simultaneous sessions
at Badary and Zelenchukskaya, respectively: (1) on

ASTRONOMY LETTERS Vol.40 No.4 2014
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October 17, 2010, 1352 £ 65 (19 UT) and 1388 + 54
(23 UT) mJy; (2) on January 30, 2011, 1441 + 32
(14 UT)and 1416 + 33 (2 UT) mJy.

3C 270.1 is a quasar at redshift z = 1.519. The in-
terpolated flux density of this source is S¢,; = 604 mJy
(Laing and Peacock 1980). Over the entire time of
its observations, the flux density, on average, rose
from 510 to 560 mJy; the flux density fluctuations
along the line of the trend typically do not exceed
one o (Fig. 2). The minimum, Sy, = 413 + 33 mJy,
and maximum, Spax = 632 + 66 mJy, flux densities
were observed, respectively, on December 5, 2010 and
October 16, 2011. The mean flux density was Siy =
530 £+ 38 mJy with a variability index V' = 0.12. The
closest observations at Badary and Zelenchukskaya
were, respectively, on December 26 and 24, 2010,
with flux densities of 575 4+ 56 and 513 + 19 mJy.

3C 455 is a quasar at redshift z = 0.543. The in-
terpolated flux density of this source is S., = 416 mJy
(Laing and Peacock 1980). Its flux density remained
almost constant (Fig. 2) near its mean 414 + 15 mJy
with a variability index V' =0.03. The maximum,
Smax = 461 £ 22 mJy, and minimum, Sy, = 382 +
34 mJy, flux densities were observed, respectively, on
December 4, 2011 and September 23, 2012. The
only quasi-simultaneous session at Badary and Ze-
lenchukskaya was conducted on December 4, 2011,
with the results, being 429 4+ 23 (9 UT) and 461 + 22
(18 UT) mJy, respectively. Since its flux density was
constant, the observations of 3C 455 were reduced
considerably in 2011—2012 in favor of more variable
sources.

4C 04.81 is a quasar at redshift z = 2.594. In other
observations, the flux density of this source was mea-
sured only to a frequency of 5 GHz and is 450 mJy,
in accordance with the Parkes catalog (Wright and
Otrupcek 1990). The flux density showed a high sta-
bility in the period from July 8, 2010 to December 4,
2011 (Fig. 3). The mean flux density over this period
was 257 + 10 mJy; the error corresponds to any result
over the entire period. The reduced flux densities
obtained at the very beginning and at the end of the
total period of observations are of interest: Spn =
206 £+ 14 mJy on March 25, 2010 and 234 £+ 14 mJy
on April 8, 2012. The maximum flux density Smax =
292 + 25 mJy was recorded on July 18, 2011. As a
result, the mean flux density over the entire period of
observations is Sy, = 255 + 14 mJy with a variability
index V' =0.10. The only quasi-simultaneous ses-
sion at Badary and Zhelenchukskaya was conducted
on October 23, 2011, with the results being 246 4+ 16
(16 UT) and 268 £ 11 (20 UT) mJy, respectively.

4C 25.21 is a quasar at redshift z = 2.686. The
flux density of this source is known to a frequency
of 5 GHz and is 200 mJy according to the Parkes
catalog (Wright and Otrupcek 1990). In the entire
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time of its observations, the flux density decreased, on
average, from 100 to 60 mJy (Fig. 3). The flux density
fluctuations along the line of the trend do not exceed
one o, with the exception of several flares responsible
for the variability index V' = 0.25. The maximum flux
density Spax = 172 + 21 mJy was recorded during the
October 24, 2010 flare. A similar flare with a flux
density of 170 &= 36 mJy was observed on February 5,
2011, but with a lower accuracy. The minimum flux
density Smin = 76 + 15 mJy was recorded on May 12,
2011.

In 2011, we conducted two quasi-simultaneous
sessions at Badary and Zelenchukskaya, respectively:
(1)on May 11,93+ 11 (6 UT)and 92 £ 8 (11 UT)
mJy; (2) on July 17, 105+ 37 (5 UT) and 94 + 18
(6 UT) mJy.

DETERMINING THE SMBH SPIN FROM
AGN RADIO OBSERVATIONS

Based on Egs. (2)—(4), we can estimate the BH
spin:

|al
Ve(@)(1+vV1—a?)

Recall thatn = /5 for the Blandford—Znajek mecha-

nism and 5 = 1.05~/2 for the hybrid mechanism (i.e.,
the tandem of BH rotation and accreting-disk contri-
bution (Meier 1999)). If the magnetic and accreting-
plasma pressures are assumed to be equal, then the
coefficient £ = 1. The function f(a) itself is presented
in Fig. 4.

The scheme of our calculations will be demon-
strated for the first two radio quasars from Table 3
as an example, 3C 9 and 3C 14. The cosmological
redshift of 3C 9 is z = 2.009. This means that the
emission frequency in the rest frame is vy = 8.45(1 +
z) = 25.4 GHz. Determining the spectral distribution
of emission in the rest frame of the quasar 3C 9 is the
key point.

Recall that the observed radiation flux is related to
the radiation power in the rest frame of a source as

L((1+ z)v)

Fo) ==, o)
where L is the monochromatic radiation power in the
source’s rest frame, F'(v) is the observed monochro-
matic radiation flux, and Dy is the cosmological dis-
tance to the specified source. The cosmological dis-
tance is determined as

DL= () o) = [ g (10
0
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Fig. 4. Plot of the function f(a).

The cosmological Hubble parameter H(z) depends
on cosmological redshift z as

H(z) = HolQu(l+2)° + ], (11)

where 2y, = 0.27 is a dimensionless parameter char-
acterizing the mean density of the Universe with dark
matter, 25 is a dimensionless parameter specifying
the contribution of dark energy: 24 = 0.73.

Calculating the monochromatic luminosity at v =
5 GHz in the rest frame of an object is the key point. It
is the luminosity ¥L(v) at v = 5 GHz that accounts
for a significant fraction of the AGN radio luminos-
ity LR~

According to Merloni and Heinz (2007), the radio
luminosity Ly allows the kinetic power of the rela-
tivistic jet to be estimated:

Lj — 1011.9(LR)0.81. (12)

Table 3. Spin determinations for the observed objects

. Blandford—
Object Hybrid model meZC?]g;Jreliim
a k a k
3C9 —0.998 1.0 —0.998 2.0
3C 14 —0.85 1.0 —0.998 1.2
3C 82 —0.998 1.8 —0.998 2.0
3C 190 -0.9 1.0 -0.9 2.2
3C 196 -0.9 1.0 —0.998 1.27
3C 216 —0.998 16 —0.998 7.3
3C 270.1 —0.5 1.0 —0.95 1.0
3C 455 —0.998 244 | —0.998 11.0
4C 04.81 —0.9 1.0 —0.998 1.5
4C 25.21 —0.95 1.0 —0.998 3.03

Recall that Eq. (12) was derived by taking into ac-
count an additional effect, namely the Doppler boost-
ing of radiation from the relativistic jet. Merloni
and Heinz (2007) analyzed the distribution of mean
Lorentz factors for relativistic jets and showed this
distribution to have a maximum at the Lorentz factor
'y = 7. Itis this value that the above authors used in
deriving Eq. (12).

Thus, the monochromatic radio luminosity (v =
5 GHz) should be related to the observed intensity
and luminosity at v = 8.5 GHz. We will assume
a power-law spectral distribution of radio emission
with an index & = —0.5. This allows the rest-frame
monochromatic radio luminosity at 5 GHz to be esti-
mated as

List(5 GHz) = L(8.5(1 4+ z) GHz)

“(sra)

where the luminosity L(8.5(1 + z) GHz) is defined by
Eq. (9). Next, using Eq. (6) and Fig. 4, we obtain the
SMBH spin for a given object presented in Table 3.

(13)

As the second example, consider the radio source
3C 14. This object is a quasar at cosmological red-
shift z = 1.469. In the period of observations of this
object, its flux density varied periodically within the
range from 270 to 332 mJy. The mean flux density
was 296 =53 mJy. The light curve of this object
over the entire period of its observations is presented
in Fig. 1. As a result, according to (12) and (13),
the kinetic power of the jet was estimated to be L; =

10468 erg s—1. At the same time, the bolometric lu-
minosity of 3C 14 is Lyo = 3.26 x 10%6 erg s~ (Pun-
sly 2007). This allows the following expressions for
determining the SMBH spin to be derived (using

Eq. (8)):

fla) = (14)

572
\/E )
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Blandford—Znajek process;
256

fla) = W7

[f the magnetic and accreting-gas pressures are as-
sumed to be equal on the BH event horizon (see (4)),
then solution (14) yield a = —0.85 for the hybrid
model.  For the Blandiord—Znajek process, a =
—0.998 corresponds to the parameter k =1.2, i.e.,
higher than unity. Thus, if the ratio of the magnetic
and accreting-gas pressures on the event horizon is
assumed to be no greater than 10, i.e., k < 10, then it
can be assumed with a high probability that there is
retrograde rotation of the SMBH in the case of 3C 14.

The spin determinations for other observed objects
are presented in Table 3.

We emphasize that the results presented in Ta-
ble 3 correspond to the case where the magnetic and
accreting-gas pressures are assumed to be equal, i.e.,
k =1, or where the ratio of these quantities corre-
sponds to a minimum value close to unity. If we con-
sider the case where the directions of rotation of the
BH and the Keplerian disk coincide, i.e., a > 0, then
this situation requires that the magnetic pressure be
much greater than the accreting-gas pressure, i.e.,
k > 1. For example, the pressure ratio for the radio
quasar 3C 9 takes on the following values: a = 0.998,
k = 3.12 for the hybrid model and k£ = 5.93 for the
Blandford—Znajek process.

The following circumstance should also be noted.
When obtaining the data presented in Table 3, we
used the index n = —0.5 in the power-law spectral
distribution of radio emission. If a different value, for
example, for example, n = —1, is used, then this will
lead to the following changes. In this case, instead of
Eq. (13) we obtain

Lrest(5 GHz) = L(8.5(1 + 2) GHz). (15)

As aresult, according to (10), the kinetic power of the
relativistic jet increases. This leads to the following
changes in the data of Table 3: the spins do not
change significantly, but the parameter k specifying
the ratio of the magnetic and radiation pressures
increases. Our calculations show that the pressure
ratio, i.e., the coefficient k, increases approximately
by a factor of 2, exactly by a factor of 2 for the radio
quasars 3C 82, 4C 25.21, 4C 04.81, and 3C 27.01.
For 3C 9, the new value of k turns out to be a factor of
1.9 larger than the value given in Table 3.

Meier’s hybrid model.

CONCLUSIONS

We performed long-term (2010—2012) radio ob-
servations of ten kinetically dominated quasars with
the RTF-32 radio telescopes at the Zelenchukskaya
and Badary observatories of the [AA RAS. All of the
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observed objects are characterized by a high radio
luminosity; they may be considered as kinetically
powerful, i.e., according to Punsly (2007), kinetically
dominated objects.

Long-term variability of the flux density, within
88—175 and 306—494 mJy, respectively, was detected
for the radio sources 3C 82 and 3C 190. For the
remaining objects, the flux density remained constant
within 2o, in agreement with the well-known reviews
(Laing and Peacock 1980; Riley 1989).

Based on our radio luminosity measurements, we
determined the kinetic power of the relativistic jet
in the rest frame of a specific AGN. The estimated
kinetic powers of the jets in these objects allowed the
spins of the rotating SMBHSs hosted by the observed
AGNSs to be determined. We used the expression for
the magnetic field strength in which the magnetic and
gas pressures were assumed to be equal on the event
horizon of the accreting central BH. The main result
is that, when the pressures are equal, the SMBHs in
these objects are in retrograde rotation with respect
to the accretion disk. Prograde rotation can be re-
alized only in the case where the magnetic pressure
near the event horizon is considerably higher than the
accreting-gas pressure.
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