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Abstract. We present a study of 225 quasars in the vicinity of 18 low redshift ac-

tive galaxies. Our aim is to check the conclusions of Paper I on the basis of larger 

sample of local quasars. The study is based on several assumptions: quasars of this 

sample are ejected from respective parent galaxy, i.e. they are local quasars; qua-

sars are compact bodies with dimensions close to their respective gravitational ra-

dius; the major part of each quasar-red shift is due to gravitational reddening, i.e. 

they are intrinsic in origin, and gravitational redshifts are quantized according to 

the Karlsson-sequence. Physical characteristics of the sample quasars are obtained 

and several relations for local quasars are confirmed: density-redshift, absolute 

mag – radius, absolute mag – mass, mass – radius, mass – luminosity, and mass – 

density. These relations provide convincing evidence that the procedure is correct. 

The density – red shift relation possibly reflects evolution of quasars: with decreas-

ing density the redshifts drop. The mass – density relation could be explained in 

terms of faster evolution for more massive quasars. In the process of evolution qua-

sar density and redshift decrease, while quasar radius and luminosity increase. All 

relations for quasars found in Paper I are confirmed. The Arp’s scenario for evolu-

tion of quasars seems to be confirmed. The end result of evolution of quasars are 

small mass (companion) galaxies. Decreasing density of quasars as they evolve 

could probably be due to disintegration of dense matter of yet unknown origin. 

Strong indication is found for a possible link between quasars and stars.  
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1. Introduction 
 

The study of quasars (QSOs) began about 50 yeas ago but the most fascinating 

prospects seem to be yet before us. The unusually large redshifts of QSOs are un-

precedented in astrophysics and different hypothesis have been proposed to explain 

them. The most popular theory (Standard Quasar Model – SQM) puts quasars at 

cosmological distances, assuming that their redshifts are due entirely to the expan-

sion of the Universe. According to the SQM quasars are huge black holes accreting 

matter [1, 2, 3]. However, there is a strange consequence of this model: the larger 

the redshift, the larger the luminosity of the quasar. Apparent brightness of quasars 
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seems to be decreasing more slowly with distance, indicated by their redshifts, 

which inevitably leads to an ever increasing luminosity (with distance). This is a 

problem for the SQM [4, 5]. Unresolved remains also the problem, why are there 

no high luminosity quasars at low redshifts? There are other problems, associated 

with the SQM: the number of QSOs with z > 3 is decreasing, while the opposite is 

predicted; “time – dilation” effect is not yet established beyond doubt, as it should 

be at cosmological distances [6, 7]. A major problem is also the Karlsson sequence 

– a sequence of specific and preferred values for the QSOs redshifts: 0.06, 0.30, 

0.60, 0.96, 1.41, 1.96 and so on [8, 9, 10, 11]. This sequence could be obtained by 

the formula: Δ log(1 + z) = 0.089. Quantized redshifts mean in the framework of 

SQM quantized distances to quasars, and this is inconceivable. A much discussed 

problem during the last 40 years is the apparent association of a number of QSOs 

with low redshift galaxies. References on clustering of QSOs about lower redshift 

galaxies are quite numerous [12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23]. Quasars 

around some active galaxies are clearly in excess and the probabilities of such as-

sociations by chance projections are very low [24]. In some cases, even physical 

connections between QSOs and low redshift galaxies have been detected [13]. As-

sociation of high redshift QSOs with low redshift galaxies leads inevitably to the 

conclusion that quasars have been ejected from the parent galaxy (or, rather, from 

its active nucleus, see [25, 26, 27, 28, 29]). All these difficulties prompted the idea 

that redshifts of quasars (or at least, the major part of the redshift) are not cosmo-

logical but intrinsic in origin. Most prominent hypothesis for the intrinsic redshifts 

are the gravitational reddening [30, 31, 32], and the “variable mass” hypotheses 

[33, 34]. The gravitational reddening follows from the theory of General Relativity. 

It has been considered very early in the quasar-history [30] but then abandoned for 

various reasons. Recently, a new attempt to revive the gravitational reddening hy-

pothesis was done by Panov [35] = Paper I. In this study a sample of 74 local qua-

sars was presented for which physical characteristics were calculated, and several 

relations were established: density – redshift, absolute mag – radius, absolute mag 

– mass, mass – radius, mass – luminosity, and mass – density. The density – red-

shift relation could probably be explained in terms of an evolution of quasars with 

decreasing densities and redshifts. The mass - density relation is believed to show 

that more massive quasars evolve fasted and the process of evolution is determined 

by disintegration of matter. Generally, Paper I presents evidence in favor of Arp’s  

evolutionary scenario for quasars [28, 36, 37, and references therein]. According to 

Arp’s scenario, the end product of quasar-evolution should be galaxies. 

Here we present a study of 225 possible local quasars from 18 active galaxies. Our 

aim is to verify the conclusions of Paper I on a basis of larger sample of quasars 

and the Arp’s evolutionary scenario.  

 
2. The sample of local quasars 
 

In Table 1 the sample of local quasars is presented (data from the catalogue of Ve-

ron-Cetty and Veron ,13th ed.[38]) , where columns are self-explanatory. In the last 
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column, the references are given to the individual studies, which were used to con-

struct this sample. 

 

Table 1. Sample of 225 local quasars (data from Veron-Cetty and Veron , 2010, 

13 th ed.).  

Galaxy 

redshift 
Quasar 

Redshift 

Zo 

Visual 

mag 
B-V References 

NGC450 

0.006 

 

Q1= Q0107+0022 

 

1.968 

 

18.89 

 

0.21 

 

[39] 

 Q2=  Q0107-0235 0.958 17.80 -  

 Q3    Q0107-0232 0.728 18.85 -  

 Q4    PB6291 0.956 17.60 -  

 Q5    Q0107-025c 1.893 19.45 -  

 Q6    NGC450 No24 0.070 18.90 -  

 Q7    Q0107-001 0.468 19.38 0.09  

 Q8    Q0108-007 1.424 19.23 0.50  

 Q9    Q0108+0028 2.005 18.25 -  

 Q10  Q0108-025 1.240 18.10 -  

 Q11  Q0108-020 1.302 19.60 -  

 Q12  Q0108+001 1.003 18.67 0.26  

 Q13  Q0109-0128 1.758 18.37 0.26  

 Q14  Q0110-0107 1.896 19.29 0.22  

 Q15  Q0110-0157 1.102 17.30 -  

 Q16  PB6317 0.238 17.85 0.28  

 Q17  Q0110+004 0.910 20.08 0.21  

 Q18  Q0110-0015 0.976 18.55 -  

 Q19  Q0110-030 1.235 17.70 -  

 Q20  Q0110-0047 0.412 19.06 0.29  

 Q21  Q0110-006 0.935 19.70 -  

 Q22  Q0111-007 0.995 18.63 0.28  

 Q23  Q0111-008 0.181 18.93 0.58  

 Q24  Q0111-010 0.350 19.02 0.33  

 Q25  Q0111-005 1.908 19.45 -  

 Q26  PKS0112-017 1.365 17.50 -  

 Q27  Q0112-012 1.585 19.89 0.20  

 Q28  Q0113+000 1.279 19.19 0.37  

 Q29  Q0113-010 1.968 19.58 0.20  

 Q30  Q0113-013 2.055 19.60 -  

 Q31  Q0113-009 1.263 18.96 0.36  

 Q32  Q0114-001 1.316 18.94 0.35  

 Q33  UM314 2.190 18.32 0.22  

 Q34  UM315 2.050 18.70 -  
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Galaxy 

redshift 
Quasar 

Redshift 

Zo 

Visual 

mag 
B-V References 

 Q35  Q0116-010 1.052 18.60 0.32  

 Q36  NGC450 No86 0.090 17.35 0.44  

 Q37  Q0117-023 2.019 19.80 -  

 Q38  Q0117+001 0.649 19.30 0.17  

 Q39  UM316 0.960 17.90 -  

 Q40  Q0117-012 0.202 19.13 0.65  

 Q41  NGC450 No87 0.078 19.45 -  

 Q42  Q0118-031A 1.445 18.35 -  

 Q43  Q0118-018 1.911 19.45 -  

 Q44  PB8737 1.165 18.45 -  

 Q45  PB8736 2.112 19.00 -  

 Q46  Q0118+003 0.328 19.11 0.28  

 Q47  NGC450 No217 0.135 18.75 -  

 Q48  Q0119-009 1.943 19.30 0.20  

 Q49  Q0120-001 0.909 19.21 0.37  

 Q50  Q0120-029A 1.073 18.55 -  

 Q51  Q0120-002 1.355 19.01 0.45  

 Q52  Q0120-029B 0.438 18.10 -  

 Q53  Q0120+002 0.772 19.25 -  

 Q54  Q0121+007 1.310 19.60 -  

 Q55  Q0121+009 1.555 19.04 0.33  

 Q56  Q0121-008 2.252 19.30 -  

 Q57  Q0121+008 2.043 19.50 -  

 Q58  Q0121-022 0.988 19.05 -  

 Q59  Q0122-028 2.022 19.50 -  

 Q60  Q0123-005A 1.889 19.00 -  

 Q61  Q0123-005B 1.763 18.90 0.26  

 Q62  UM322 1.930 18.40 -  

 Q63  UM324 0.355 17.35 -  

NGC613 

0.005 

 

Q1 = 2QZJ013356-2922 

 

2.222 

 

20.09 

 

- 

 

[40] 

 Q2    2QZJ013445-2928 2.059 20.32 -  

 Q3    2QZJ013454-2925 2.062 20.01 -  

 Q4    2QZJ013348-2920 1.855 20.30 -  

 Q5    2QZJ013345-2917 1.413 20.50 -  

 Q6    2QZJ013508-2930 1.482 20.31   

NGC622 

0.017 

 

Q1 = NGC622 UB1 

 

0.910 

 

18.36 

 

0.32 

[41] 

 

 Q2 = NGC622 BS01 1.460 19.13 0.20  
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Galaxy 

redshift 
Quasar 

Redshift 

Zo 

Visual 

mag 
B-V References 

NGC1068 

0.003 

 

Q1 = RXSJ02393-0001 

 

0.261 

 

15.48 

 

0.30 

 

[42] 

 Q2    Q0238-0001 0.468 19.07 0.24  

 Q3    Q0238-0058 0.726 18.52 0.19  

 Q4    Q0239-0008 0.649 18.72 0.12  

 Q5    Q0239+0021 1.054 18.92 0.30  

 Q6    Q0239-0005 1.552 18.47 0.25  

 Q7    Q0239-0012 1.112 18.70 0.00  

 Q8 1WGAJ0242.1+0000 0.385 19.67 0.31  

 Q9    Q0240-0012 2.018 18.45 0.28  

 Q10  Q0241+0005 0.684 18.92 0.17  

 Q11 1WGAJ0245.5 0007 0.655 18.91 0.09  

 Q12  1WGA 0242.6+0022 0.630 20.33 0.03  

 Q13  US3137 1.139 18.44 0.34  

 Q14  US3139 1.292 18.75 0.41  

 Q15  US3146 1.815 18.63 0.19  

 Q16  Q0244-0015 2.315 20.16 0.20  

NGC1073 

0.004 

 

Q1 = NGC1073U2 

 

0.601 

 

19.00 

 

- 

 

[43],[44] 

 Q2    PKS0241+011 1.400 20.30 -  

 Q3    NGC1073U1 1.941 19.60 -  

 Q4    US3115 0.546 19.18 0.13  

NGC1097 

0.004 

 

Q2 = Q0238-315 

 

2.143 

 

19.60 

 

- 

 

[45] 

 Q3    Q0238-301 2.265 18.30 -  

 Q6    Q0238-310 2.034 19.50 -  

 Q7    Q0240-309 0.374 18.50 -  

 Q9    Q0241-316 1.588 19.90 -  

 Q10  Q0241-302 0.359 19.50 -  

 Q12  Q0242.0-3104 0.874 19.10 -  

 Q13  Q0242.1-3104 1.985 19.60 -  

 Q14  Q0242-305 1.045 18.80 -  

 Q15  Q0242.9-3010 2.269 19.90 -  

 Q16  Q0242.9-3009 0.783 19.60 -  

 Q18  Q0243.5-2946 1.577 20.20 -  

 Q19  Q0243.6-2947 2.063 20.10 -  

 Q20  Q0243-308 0.088 20.00 -  

 Q21  Q0243-318 1.875 18.50 -  

 Q23  QN1097.3 1.000 17.50 -  

 Q24  QN1097.4 0.340 18.20 -  

 Q25  QN1097.6 1.100 20.50 -  

 Q26  QN1097.5 0.887 20.00 -  
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Galaxy 

redshift 
Quasar 

Redshift 

Zo 

Visual 

mag 
B-V References 

NGC2639 

0.011 

 

Q1 = NGC2639U1 

 

1.177 

 

18.06 

 

0.29 

 

[29],[26] 

 Q2    NGC2639U2 1.105 19.16 0.36  

 Q3    NGC2639U3 1.522 19.43 0.33  

 Q4    NGC2639U4 0.780 18.87 0.49  

 Q5    NGC2639U5 1.494 17.92 0.55  

 Q7    NGC2639U7 2.000 19.37 0.37  

 Q8    NGC2639U8 2.800 19.00 0.32  

 Q10  NGC2639U10 0.305 17.80 0.22  

 Q14  NGC2639U14 2.124 18.74 0.31  

 Q15  NGC2639U15 1.525 18.78 0.22  

 Q16  NGC2639 No3 0.323 18.40 0.17  

NGC3034 

0.001 

= M82 

Q1 =  M82 No95 

 

1.010 

 

19.44 

 

0.36 

 

[46] 

 Q2 = Hoag 1 2.048 19.50 0.30  

 Q3    Hoag 2 2.054 20.33 0.22  

 Q4    NGC3031U4 0.85 20.12 0.70  

 Q5    Hoag 3 2.040 20.31 0.16  

 Q6    Bol 105 2.240 21.40 -  

 Q7    M82 No69 0.930 19.38 0.70  

 Q8    M82 No22 0.960 19.04 1.31  

 Q9    Bol 75 0.740 22.00 -  

 Q10  Dahlem 7 0.675 19.80 -  

 Q11  Dahlem 12 0.626 18.90 -  

 Q12  Dahlem 17 1.086 17.99 0.33  

NGC3079 

0.004 

 

Q1 = SBS0953+556 

 

1.410 

 

18.45 

 

0.17 

 

[47] 

 Q2    4C55.17 0.898 17.89 0.35  

 Q3    SBS0955+560 1.021 17.68 0.47  

 Q4    RXJ10005+5536 0.215 19.37 0.62  

 Q5    1WGAJ1000.9+5541 1.037 19.99 0.57  

 Q6    NGC3073UB1 1.530 19.04 0.32  

 Q7    ASV1 0.072 17.28 -  

 Q8    SBS0957+557 2.102 17.60 -  

 Q9    Q0957+561A 1.413 16.95 0.21  

 Q10  Q0957+561B 1.415 16.95 0.21  

 Q11  ASV24 1.154 23.03 -  

 Q12  ASV31 0.352 21.14 -  

 Q13  MARK132 1.760 16.05 0.28  

 Q14  NGC3073UB4 1.154 18.38 0.38  

 Q15  1WGAJ1002.7+5558 0.219 21.20 -  

 Q16  Q0958+5625 3.216 20.08 -  
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Galaxy 

redshift 
Quasar 

Redshift 

Zo 

Visual 

mag 
B-V References 

NGC3628 

0.003 

 

Q1 = Wee 47 

 

1.413 

 

19.06 

 

0.26 

 

[48] 

 Q2    Wee 48 2.060 18.91 0.26  

 Q3    Wee 50 1.750 19.58 0.18  

 Q4    Wee 51 2.150 19.44 0.29  

 Q8    Wee 52 2.430 20.97 0.24  

 Q9    Wee 55 1.940 19.06 0.26  

 Q10  Wee 36 2.490 20.70 -  

 Q11  Wee 38 2.370 20.05 0.48  

 Q12  Wee 45 2.100 20.12 0.08  

 Q13  Wee 37 2.140 20.02 0.55  

 Q14  Wee 40 1.740 20.09 0.13  

 Q15  Wee 34 2.320 17.85 0.65  

 Q16  Wee 46 0.060 20.20 -  

 Q17  Wee 41 2.540 20.02 0.25  

 Q18  Wee 44 2.380 19.57 0.25  

 Q19  Wee 42 2.110 20.97 0.16  

 Q20  Wee 43 3.009 19.83 0.33  

NGC4235 

0.007 

 

Q1 = PG1216+069 

 

0.334 

 

15.65 

 

- 

 

[29] 

 Q2    1ES1212+078   (BL) 0.137 16.00 -  

NGC4258 

0.002 

 

Q1 = QJ1218+472 

 

0.398 

 

19.88 

 

0.21 

 

[25] 

 Q2    QJ1219+473 0.654 19.43 0.17  

NGC4410 

0.025 

 

Q1 = SDSSJ12260+0853 

 

2.237 

 

19.57 

 

0.27 

 

[49] 

 Q2    SDSSJ12260+0912 0.662 19.24 0.09  

 Q3    SDSSJ12255+0859 1.903 19.57 0.21  

 Q5    Q1222+0901 0.535 17.29 0.10  

 Q6    SDSSJ12273+0923 1.776 19.39 0.13  

 Q8    2E1225+0858 0.085 16.64 0.38  

 Q9    SDSSJ12281+0915 1.590 20.03 0.45  

 Q10  SDSSJ12279+0922 1.502 18.82 0.26  

 Q11  SDSSJ12261+0935 0.628 19.33 0.12  

 Q12  SDSSJ12238+0856 1.043 18.74 0.30  

 Q13  SDSSJ12235+0902 1.363 19.24 0.34  

 Q15  Q1225+0836 1.471 17.59 0.30  

 Q16  SDSSJ12178+0913 1.076 19.48 0.21  

 Q17  SDSSJ12240+0935 1.345 19.32 0.24  

 Q18  SDSSJ12230+0856 1.090 19.12 0.34  

 Q19  SDSSJ12231+0914 1.715 19.49 0.09  
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Galaxy 

redshift 
Quasar 

Redshift 

Zo 

Visual 

mag 
B-V References 

 Q20  Q1220+0939 0.681 17.74 0.09  

 Q21  SDSSJ12291+0938 2.649 20.08 0.33  

 Q22  SDSSJ12227+0853 0.773 18.78 0.15  

 Q23  SDSSJ12281+0951 0.064 17.72 0.65  

 Q24  Q1222+1010 0.398 18.58 0.12  

 Q25  SDSSJ12250+0955 1.429 19.04 0.26  

NGC4579 

0.005 

 

Q2 = Q1234+1217 

 

0.662 

 

18.61 

 

0.11 

 

[50] 

NGC5548 

0.017 

 

Q1 = QJ14172+2534 

 

0.852 

 

18.40 

 

- 

 

[51] 

 Q2    EXO1415.2+2607 0.184 18.03 0.32  

 Q3    QJ14182+2500 0.727 18.90 -  

 Q4    Q1408.0+2696 2.425 19.08 0.20  

 Q5    Q1408.3+2626 2.100 20.22 0.52  

 Q6    Q1408.7+2665 1.928 18.74 0.22  

 Q7    FIRSTJ14162+2649 2.297 19.00 0.43  

 Q8    Q14144+256 1.800 20.50 0.18  

 Q9    Q14148+252 1.830 20.71 0.15  

 Q10  Q14149+251 1.917 18.86 0.22  

 Q11  2E1414+2513 1.057 19.50 0.46  

 Q12  1E14151+254 0.560 19.50 0.24  

 Q13  Q14151+254 2.310 19.57 0.35  

 Q14  HS1415+2701 2.500 17.70 0.46  

 Q15  2E1415+2557 0.237 17.20 0.80  

 Q16  2E1416+2523 0.674 18.70 -  

 Q17  HS1417+2547 2.200 18.10 0.52  

 Q18  KUV14189+2552 1.053 16.06 0.33  

 Q19  RXSJ14215+2408 0.084 17.27 0.30  

 Q20  PKS1423+24 0.649 17.26 0.36  

NGC5985 

0.008 

 

Q1 = SBS1537+595 

 

2.125 

 

19.00 

 

0.14 

 

[52] 

 Q2    SBS1535+596 1.968 18.66 0.29  

 Q3    HS1543+5921 0.807 17.63 0.28  

 Q4    SBS1532+598 0.690 17.57 0.19  

 Q5    SBS1549+590 0.348 17.42 0.21  

 Q6    SBS1533+588 1.895 18.39 0.19  

NGC6217 

0.005 

Q1 = 

1WGAJ1630.9+7810 

 

0.358 

 

20.60 

 

- 

 

[53] 

 Q2    1WGAJ1634.4+7809 0.376 20.80 -  
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Galaxy 

redshift 
Quasar 

Redshift 

Zo 

Visual 

mag 
B-V References 

IC4553 = 

0.018 

Arp 220 

Q1 = 

1WGAJ1533.8+2356 

 

0.232 

 

18.37 

 

0.42 

 

[54] 

 Q2    Q1532+2332 (Arp9) 1.249 19.82 -  

 Q3    1WGAJ1535.0+2336 1.258 20.52 0.70  

 Q4    1WGAJ1537.2+2300 0.463 19.20 0.12  

 

 
Usually, the angular distances of our sample quasars from the respective parent 

galaxy are not more than 2 degrees. In some cases, large groups of quasars are re-

ported in the vicinity of an active (usually Seyfert-type) galaxy (e.g. 63 quasars 

were reported in the vicinity of NGC450). Altogether, 225 quasars are sampled 

from 18 different galaxies. The low probability of some quasars being projected in 

the vicinity of a galaxy has been discussed many times by different authors, given 

in the references. Projected quasars (if any) are expected to show up by deviating 

from the rest of the sample, if general patterns are obtained. 

 

 

3. Results 
 
In this study, we follow the procedure described in Paper I. 

Several crucial assumptions are taken: 

• Quasars (Table 1) are spatially associated with the respective (parent) galaxy, 

i.e. all quasars of some galaxy are at about the same distance, as their parent 

galaxy. Therefore, all quasars in the vicinity of a low redshift (parent) galaxy 

should have the same cosmological redshift as this galaxy. 

• Quasars are single bodies; 

• Redshifts of quasars are taken to be composed by three components of differ-

ent origin, according to Burbidge [55]: 

 (1 + zο) = (1 + zc) · (1 + zgr) · (1 + zd) , (1) 

where: zo is the observed redshift,  zc   is the cosmological redshift, zgr  is the intrin-

sic redshift, specified here as gravitational redshift, and zd  is the Doppler shift. The 

dominant component in a quasar redshift is the intrinsic redshift. 

The intrinsic redshift is due to gravitational reddening and it is quantized, accord-

ing to the Karlsson sequence. 

All these assumptions are going to be checked with the results, obtained below. In 

Table1. to each group of quasars, associated with a galaxy, the cosmological red-

shift of this (parent) galaxy is attributed to all quasars of the respective group, i.e. 

zc = zgal for all quasars of respective galaxy. Note that we assume here that the red-
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shifts of all galaxies in this sample are entirely due to the expansion of the Uni-

verse. For the 18 galaxies of our sample this seems to be true, but in other cases 

one should be aware that also in redshifts of compact galaxies there could be a 

component of intrinsic (gravitational) origin. In the discussion below, we shall turn 

back to this point. 

As a first step, all quasar redshifts are reduced with respect to the cosmological 

redshift-component of each quasar (i.e. to the cosmological redshift of respective 

parent galaxy): 

 zi  = (zo – zgal) / (1 + zgal) (2) 

The zi - shifts then contain the gravitational redshifts (dominant components) and 

the respective Doppler - shifts. For the gravitational redshift, we take for each zi the 

nearest value from the Karlsson-sequence: 0.06, 0.30, 0.60, 0.96, 1.41, 1.96, 2.64, 

and so on. The discrepancy between the zi - value and the corresponding nearest 

gravitational redshift zgr from the Karlsson-sequence is attributed to the Doppler 

shift (e.g. velocity of ejection):  

 zd = (zi – zgr) / (1 + zgr) (3) 

In this way, each observed redshift is decomposed to the three components:  

cosmological redshift (redshift of respective parent galaxy), the gravitational red-

shift, and the Doppler shift. The radii of the sample quasars are determined from: 

 log( rq/ro) = ½ log(Lq/Lo) + 2 log(To/Tq), (4) 

where r, L, and T are radii, luminosities, and temperatures, respectively. Symbols q 

and o stay for quasar and Sun, respectively. 

Temperatures of quasars are determined from their B - V (Table 1). For all quasars 

with unknown B – V the radii are determined from the Mq (absolute mag) versus rq 

relation (Paper I): 

 Mq = 48.099 – 4.318 log rq . (5) 

We can further determine for each quasar the ratio rgr/rq ,   by substituting zgr in the 

formula: 

 (1 + zgr) = (1 – rgr/rq)
-1/2. (6) 

From this relation, the gravitational radius rgr of each quasar can also be deter-

mined. For the gravitational radius holds: 

 rgr = 2Gmq/ c
2 .  (7) 

With the rgr already determined, we can now obtain the quasar masses mq., and qua-

sar densities ρq ( G is the gravitational constant and c the velocity of light). 

Physical characteristics of sample quasars are listed in Table 2. 
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Table 2. Physical characteristics of sample quasars. Columns are: 1 – ID of quasar, 

according to Table 1; 2 - observed redshift; 3 – gravitational redshift; 4 – 

Doppler shift; 5 – absolute magnitude; 6 – log rq  [cm]; 7 – log Lq  [erg/s]; 8 

– log mq [g]; 9 – density ρq [g/cm3]; 10 – reduced density  [g/cm3] to radius 

8 × 1013 cm; 11 - ratio rgr/rq; 12 - quasar mass in  units of 106 solar masses. 

�GC450 

Q1 1.968 1.96 -0.003 -12.62 13.947 40.524 41.723 0.182 0.223 0.89   264.5 

Q2 0.958 0.96 -0.007 -13.71 14.314 40.960 42.012 0.028 0.186 0.74   515 

Q3 0.728 0.60  0.074 -12.66 14.071 40.540 41.685 0.071 0.154 0.61   242 

Q4 0.956 0.96 -0.008 -13.91 14.361 41.040 42.059 0.023 0.188 0.74   570 

Q5 1.893 1.96 -0.028 -12.06 13.932 40.300 41.708 0.195 0.223 0.89   255.5 

Q6 0.070 0.06  0.004 -12.61 14.060 40.520 40.930 0.013 0.027 0.11     42.6 

Q7 0.468 0.60 -0.088 -12.13 13.694 40.328 41.308 0.402 0.153 0.61   101.5 

Q8 1.424 1.41   0.0 -12.28 14.174 40.388 41.921 0.060 0.208 0.83   416.5 

Q9 2.005 1.96  0.009 -13.26 14.210 40.780 41.986 0.054 0.222 0.89   484.5 

Q10 1.240 1.41 -0.076 -13.41 14.245 40.840 41.992 0.043 0.208 0.83   490.5 

Q11 1.302 1.41 -0.051 -11.91 13.897 40.240 41.644 0.214 0.209 0.83   220.5 

Q12 1.003 0.96  0.016 -12.84 14.053 40.612 41.751 0.093 0.186 0.74   281.5 

Q13 1.758 1.96 -0.074 -13.14 14.113 40.732 41.889 0.085 0.224 0.89   387.5 

Q14 1.896 1.96 -0.027 -12.22 13.879 40.364 41.655 0.249 0.223 0.89   226 

Q15 1.102 0.96  0.066 -14.21 14.430 41.160 42.128 0.016 0.181 0.74   670 

Q16 0.238 0.30 -0.053 -13.66 14.243 40.940 41.682 0.022 0.105 0.41   240.5 

Q17 0.910 0.96 -0.031 -11.43 13.709 40.048 41.407 0.455 0.186 0.74   130 

Q18 0.976 0.96  0.002 -12.96 14.141 40.660 41.839 0.062 0.184 0.74   345 

Q19 1.235 1.41 -0.078 -13.81 14.337 41.000 42.084 0.028 0.206 0.83   605 

Q20 0.412 0.30  0.080 -12.45 14.014 40.456 41.454 0.062 0.103 0.41   142.2 

Q21 0.935 0.96 -0.019 -11.81 13.874 40.200 41.572 0.213 0.187 0.74   186.5 

Q22 0.995 0.96  0.012 -12.88 13.598 39.649 41.296 0.759 0.186 0.74     99 

Q23 0.181 0.06  0.108 -12.58 14.303 40.508 41.174 0.004 0.025 0.11     74.5 

Q24 0.350 0.30  0.032 -12.49 14.063 40.472 41.503 0.049 0.103 0.41   159.2 

Q25 1.908 1.96 -0.023 -12.06 13.932 40.300 41.708 0.195 0.223 0.89   255.5 

Q26 1.365 1.41 -0.024 -14.01 14.384 41.080 42.131 0.023 0.210 0.83   675 

Q27 1.585 1.41  0.066 -11.62 13.735 40.124 41.482 0.451 0.209 0.83   151.8 

Q28 1.279 1.41 -0.060 -12.32 14.067 40.404 41.814 0.098 0.210 0.83   326 

Q29 1.968 1.96 -0.003 -11.93 13.797 40.248 41.574 0.363 0.223 0.89   187.5 

Q30 2.055 1.96  0.026 -11.91 13.897 40.240 41.674 0.229 0.223 0.89   236 

Q31 1.263 1.41 -0.066 -12.55 14.103 40.496 41.850 0.083 0.209 0.83   354 

Q32 1.316 1.41 -0.045 -12.57 14.098 40.504 41.845 0.085 0.209 0.83   349.7 

Q33 2.190 1.96  0.071 -13.19 14.073 40.752 41.849 0.102 0.223 0.89   353.5 

Q34 2.050 1.96  0.024 -12.81 14.106 40.600 41.882 0.088 0.224 0.89   381 

Q35 1.052 0.96  0.041 -12.91 14.138 40.640 41.836 0.063 0.186 0.74   342.5 

Q36 0.090 0.06  0.022 -14.16 14.501 41.140 41.371 0.002 0.031 0.11   117.5 

Q37 2.019 1.96  0.014 -11.71 13.851 40.160 41.627 0.283 0.223 0.89   212 

Q38 0.649 0.60  0.024 -12.21 13.819 40.360 41.433 0.226 0.153 0.61   135.5 

Q39 0.960 0.96 -0.006 -13.61 14.291 40.920 41.989 0.031 0.185 0.74   487.5 

Q40 0.202 0.30 -0.081 -12.38 14.311 40.428 41.751 0.016 0.105 0.41   281.5 

Q41 0.078 0.06  0.011 -12.06 13.932 40.300 40.802 0.024 0.027 0.11     31.8 

Q42 1.445 1.41  0.008 -13.16 14.187 40.740 41.934 0.056 0.207 0.83   429.3 

Q43 1.911 1.96 -0.022 -12.06 13.932 40.300 41.708 0.195 0.223 0.89   255.5 

Q44 1.165 0.96  0.098 -13.06 14.164 40.700 41.862 0.056 0.186 0.74   363.6 

Q45 2.112 1.96  0.045 -12.51 14.036 40.480 41.813 0.121 0.223 0.89   325 

Q46 0.328 0.30  0.015 -12.40 13.991 40.436 41.430 0.069 0.103 0.41   134.7 
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Q47 0.135 0.06  0.064 -12.76 14.094 40.580 40.965 0.011 0.027 0.11     46.1 

Q48 1.943 1.96 -0.012 -12.21 13.853 40.360 41.630 0.280 0.223 0.89   213.1 

Q49 0.909 0.96 -0.032 -12.30 14.063 40.396 41.761 0.089 0.186 0.74   288.5 

Q50 1.073 0.96  0.052 -12.96 14.141 40.660 41.839 0.062 0.185 0.74   344.8 

Q51 1.355 1.41 -0.029 -12.50 14.177 40.476 41.924 0.059 0.208 0.83   419.5 

Q52 0.438 0.30  0.099 -13.41 14.245 40.840 41.685 0.021 0.101 0.41   241.9 

Q53 0.772 0.60  0.101 -12.26 13.978 40.380 41.592 0.108 0.153 0.61   195.6 

Q54 1.310 1.41 -0.047 -11.91 13.897 40.240 41.644 0.214 0.208 0.83   220.4 

Q55 1.555 1.41  0.054 -12.47 14.059 40.464 41.806 0.102 0.209 0.83   319.8 

Q56 2.252 1.96  0.092 -12.21 13.967 40.360 41.743 0.166 0.223 0.89   277 

Q57 2.043 1.96  0.022 -12.01 13.921 40.280 41.697 0.206 0.223 0.89   249 

Q58 0.988 0.96  0.008 -12.46 14.025 40.460 41.723 0.106 0.186 0.74   264.1 

Q59 2.022 1.96  0.015 -12.01 13.921 40.280 41.697 0.206 0.223 0.89   249 

Q60 1.889 1.96 -0.030 -12.51 14.036 40.480 41.813 0.121 0.223 0.89   325 

Q61 1.763 1.96 -0.072 -12.61 14.007 40.520 41.783 0.138 0.222 0.89   303.3 

Q62 1.930 1.96 -0.016 -13.11 14.175 40.720 41.952 0.064 0.224 0.89   447.3 

Q63 0.355 0.30  0.036 -14.16 14.418 41.140 41.858 0.010 0.107 0.41   360.9 

 

�GC613 

Q1 2.222 1.96  0.083 -10.32 13.529 39.604 41.305 1.247 0.223 0.89   101 

Q2 2.059 1.96  0.028 -10.09 13.476 39.512 41.252 1.593 0.223 0.89     89.5 

Q3 2.062 1.96  0.029 -10.40 13.548 39.636 41.324 1.145 0.223 0.89   105.5 

Q4 1.855 1.96 -0.041 -10.11 13.481 39.520 41.257 1.560 0.223 0.89     90.5 

Q5 1.413 1.41 -0.004   -9.91 13.434 39.440 41.181 1.804 0.208 0.83     76 

Q6 1.482 1.41  0.025 -10.10 13.478 39.516 41.225 1.473 0.208 0.83     84 

 

�GC622 

Q1 0.910 0.96 -0.042 -15.79 14.714 41.792 42.412 0.004 0.167 0.74 1290 

Q2 1.460 1.41  0.004 -15.02 14.415 41.484 42.162 0.020 0.212 0.83   726.5 

 

�GC1068 

Q1 0.261 0.30 -0.033 -14.15 14.367 41.136 41.807 0.012 0.102 0.41   320.8 

Q2 0.468 0.60 -0.085 -10.56 13.572 39.700 41.186 0.705 0.153 0.61     76.7 

Q3 0.726 0.60  0.076 -11.11 13.621 39.920 41.235 0.561 0.153 0.61     86 

Q4 0.649 0.60  0.028 -10.91 13.495 39.840 41.109 1.005 0.153 0.61     64.2 

Q5 1.054 0.96  0.045 -10.71 13.680 39.760 41.378 0.521 0.186 0.74   119.3 

Q6 1.552 1.41  0.056 -11.16 13.704 39.940 41.451 0.521 0.208 0.83   141.3 

Q7 1.112 0.96  0.074 -10.93 13.308 39.848 41.006 2.883 0.186 0.74     50.7 

Q8 0.385 0.30  0.062   -9.96 13.538 39.460 40.978 0.552 0.103 0.41     47.5 

Q9 2.018 1.96  0.017 -11.18 13.747 39.948 41.523 0.458 0.223 0.89   166.8 

Q10 0.684 0.60  0.049 -10.71 13.518 39.760 41.132 0.901 0.153 0.61     67.8 

Q11 0.655 0.60  0.031 -10.72 13.412 39.764 41.026 1.471 0.153 0.61     53.1 

Q12 0.630 0.60  0.016   -9.30 13.045 39.196 40.659 7.961 0.153 0.61     22.8 

Q13 1.139 0.96  0.088 -11.19 13.812 39.952 41.510 0.282 0.186 0.74   162 

Q14 1.292 1.41 -0.052 -10.88 13.819 39.828 41.566 0.306 0.208 0.83   184.1 

Q15 1.815 1.96 -0.052 -11.00 13.600 39.876 41.376 0.900 0.223 0.89   118.9 

Q16 2.315 2.64 -0.092   -9.47 13.305 39.264 41.100 3.653 0.233 0.92     62.9 

 

�GC1073 

Q1 0.601 0.60 -0.003 -11.91 13.897 40.240 41.511 0.157 0.153 0.61   162.3 

Q2 1.400 1.41 -0.008 -10.61 13.596 39.720 41.343 0.855 0.208 0.83   110 

Q3 1.941 1.96 -0.010 -11.31 13.758 40.000 41.535 0.434 0.223 0.89   171 

Q4 0.546 0.60 -0.038 -11.73 13.674 40.168 41.288 0.441 0.153 0.61     97 
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�GC1097 

Q2 2.143 1.96  0.057 -10.58 13.589 39.708 41.366 0.945 0.223 0.89   116.1 

Q3 2.265 1.96  0.099 -11.88 13.890 40.228 41.667 0.236 0.223 0.89   232.1 

Q6 2.034 1.96  0.021 -10.68 13.613 39.748 41.389 0.849 0.223 0.89   122.4 

Q7 0.374 0.30  0.053 -11.68 13.844 40.148 41.284 0.135 0.103 0.41     96.2 

Q9 1.588 1.41  0.070 -10.28 13.520 39.588 41.267 1.216 0.208 0.83     92.4 

Q10 0.359 0.30  0.042 -10.68 13.613 39.748 41.052 0.391 0.103 0.41     56.4 

Q12 0.874 0.96 -0.047 -11.08 13.705 39.908 41.403 0.463 0.186 0.74   126.5 

Q13 1.985 1.96  0.004 -10.58 13.589 39.708 41.366 0.945 0.223 0.89   116.1 

Q14 1.045 0.96  0.039 -11.38 13.775 40.028 41.473 0.336 0.186 0.74   148.5 

Q15 2.269 1.96  0.100 -10.28 13.520 39.588 41.296 1.301 0.223 0.89     98.9 

Q16 0.783 0.60  0.110 -10.58 13.589 39.708 41.203 0.650 0.153 0.61     79.9 

Q18 1.577 1.41  0.065   -9.98 13.450 39.468 41.197 1.674 0.208 0.83     78.8 

Q19 2.063 1.96  0.031 -10.08 13.474 39.508 41.250 1.611 0.223 0.89     88.9 

Q20 0.088 0.06  0.023 -10.18 13.497 39.548 40.367 0.180 0.028 0.11     11.6 

Q21 1.875 1.96 -0.032 -11.68 13.844 40.148 41.620 0.292 0.223 0.89   208.7 

Q23 1.000 0.96  0.016 -12.68 14.076 40.548 41.774 0.084 0.186 0.74   296.9 

Q24 0.340 0.30  0.027 -11.98 13.914 40.268 41.353 0.098 0.103 0.41   112.9 

Q25 1.100 0.96  0.067   -9.68 13.381 39.348 41.079 2.060 0.186 0.74     60 

Q26 0.887 0.96 -0.041 -10.18 13.497 39.548 41.195 1.209 0.186 0.74     78.3 

 

�GC2639 

Q1 1.177 0.96  0.098 -14.12 14.348 41.124 42.046 0.024 0.186 0.74   556 

Q2 1.105 0.96  0.062 -13.02 14.197 40.684 41.895 0.048 0.186 0.74   393 

Q3 1.522 1.41  0.035 -12.75 14.115 40.576 41.862 0.079 0.210 0.83   363.7 

Q4 0.780 0.60  0.101 -13.31 14.372 40.800 41.986 0.018 0.156 0.61   483.7 

Q5 1.494 1.41  0.024 -14.26 14.612 41.180 42.359 0.008 0.210 0.83 1143 

Q7 2.000 1.96  0.002 -12.81 14.165 40.600 41.941 0.067 0.224 0.89   436.6 

Q8 2.800 2.64  0.033 -13.18 14.192 40.748 41.987 0.062 0.234 0.92   484.7 

Q10 0.305 0.30 -0.007 -14.38 14.311 41.228 41.751 0.016 0.105 0.41   281.8 

Q14 2.124 1.96  0.044 -13.44 14.234 40.852 42.011 0.048 0.221 0.89   512.5 

Q15 1.525 1.41  0.037 -13.40 14.115 40.836 41.862 0.078 0.207 0.83   363.9 

Q16 0.323 0.30  0.007 -13.78 14.133 40.988 41.573 0.036 0.104 0.41   187 

 

�GC3034=M82 

Q1 1.010 0.96  0.024   -8.39 13.271 38.832 40.969 3.423 0.186 0.74     46.5 

Q2 2.048 1.96  0.029   -8.33 13.203 38.808 40.980 5.590 0.223 0.89     47.7 

Q3 2.054 1.96  0.031   -7.50 12.936 38.476 40.712 19.147 0.223 0.89     25.8 

Q4 0.85 0.96 -0.057   -7.71 13.411 38.560 41.109 1.796 0.186 0.74     64.3 

Q5 2.040 1.96  0.026   -7.52 12.868 38.484 40.644 26.202 0.223 0.89     22 

Q6 2.240 1.96  0.094   -6.43 12.628 38.048 40.457 89.168 0.252 0.89     14.3 

Q7 0.930 0.96 -0.016   -8.45 13.561 38.856 41.259 0.899 0.186 0.74     90.8 

Q8 0.960 0.96 -0.001   -8.79 13.982 38.992 41.680 0.129 0.185 0.74   239.2 

Q9 0.740 0.60  0.086   -5.83 12.489 37.808 40.103 103.04 0.153 0.61       6.3 

Q10 0.675 0.60  0.046   -8.03 12.999 38.688 40.613 9.863 0.153 0.61     20.5 

Q11 0.626 0.60  0.015   -8.93 13.207 39.048 40.821 3.777 0.153 0.61     33.1 

Q12 1.086 0.96  0.063   -9.84 13.533 39.412 41.231 1.024 0.186 0.74     85.1 

 

�GC3079 

Q1 1.410 1.41 -0.004 -11.83 13.743 40.208 41.490 0.435 0.208 0.83   154.5 

Q2 0.898 0.96 -0.036 -12.39 14.062 40.432 41.760 0.090 0.187 0.74   287.7 

Q3 1.021 0.96  0.027 -12.60 14.213 40.516 41.911 0.045 0.187 0.74   407.3 

Q4 0.215 0.30 -0.069 -10.91 13.996 39.840 41.436 0.067 0.103 0.41   136.5 
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Q5 1.037 0.96  0.035 -10.29 13.836 39.592 41.534 0.253 0.186 0.74   171 

Q6 1.530 1.41  0.046 -11.24 13.804 39.972 41.550 0.329 0.208 0.83   177.6 

Q7 0.072 0.06  0.008 -13.00 14.150 40.676 41.020 0.009 0.028 0.11     52.4 

Q8 2.102 1.96  0.044 -12.68 14.076 40.548 41.852 0.101 0.224 0.89   355.6 

Q9 1.413 1.41 -0.003 -13.33 14.089 40.808 41.836 0.088 0.207 0.83   342.7 

Q10 1.415 1.41 -0.002  -13.33 14.089 40.808 41.836 0.088 0.207 0.83   342.7 

Q11 1.154 0.96  0.094   -7.25 12.818 38.376 40.516 27.507 0.186 0.74     16.4 

Q12 0.352 0.30  0.036   -9.14 13.256 39.132 40.696 2.023 0.103 0.41     24.8 

Q13 1.760 1.96 -0.071 -14.23 14.357 41.168 42.133 0.028 0.226 0.89   679 

Q14 1.154 0.96  0.094 -11.90 13.993 40.236 41.691 0.123 0.186 0.74   245.5 

Q15 0.219 0.30 -0.066   -9.08 13.242 39.108 40.682 2.156 0.103 0.41     24 

Q16 3.216 3.47 -0.061 -10.20 13.501 39.556 41.308 1.520 0.239 0.95   101.6 

 

�GC3628 

Q1 1.413 1.41 -0.002 -11.24 13.733 39.972 41.480 0.456 0.208 0.83   151 

Q2 2.060 1.96  0.031 -11.39 13.763 40.032 41.539 0.425 0.223 0.89   173 

Q3 1.750 1.96 -0.074 -10.72 13.532 39.764 41.308 1.231 0.223 0.89   101.7 

Q4 2.150 1.96  0.061 -10.86 13.696 39.820 41.472 0.579 0.223 0.89   148.3 

Q8 2.430 2.64 -0.060   -9.33 13.325 39.208 41.120 3.325 0.233 0.92     66 

Q9 1.940 1.96 -0.010 -11.24 13.733 39.972 41.509 0.488 0.223 0.89   161.6 

Q10 2.490 2.64 -0.044   -9.60 13.362 39.316 41.157 2.804 0.233 0.92     72 

Q11 2.370 2.64 -0.077 -10.25 13.751 39.576 41.546 0.468 0.232 0.92   175.8 

Q12 2.100 1.96  0.044 -10.18 13.290 39.548 41.066 3.755 0.223 0.89     58.2 

Q13 2.140 1.96  0.058 -10.28 13.816 39.588 41.592 0.332 0.223 0.89   195.7 

Q14 1.740 1.96 -0.077 -10.21 13.370 39.560 41.146 2.594 0.223 0.89     70.1 

Q15 2.320 2.64 -0.091 -12.45 14.325 40.456 42.120 0.033 0.230 0.92   658.7 

Q16 0.060 0.06 -0.003 -10.10 13.478 39.516 40.349 0.196 0.028 0.11     11.2 

Q17 2.540 2.64 -0.030 -10.28 13.528 39.588 41.323 1.308 0.233 0.92   105.2 

Q18 2.380 2.64 -0.074 -10.73 13.618 39.768 41.413 0.864 0.233 0.92   129.4 

Q19 2.110 1.96  0.048   -9.33 13.232 39.208 41.008 4.909 0.223 0.89     50.9 

Q20 3.009 2.64  0.098 -10.47 13.659 39.664 41.454 0.716 0.233 0.92   142.2 

 

�GC4235 

Q1 0.334 0.30  0.019 -15.65 14.764 41.736 42.203 0.002 0.105 0.41   798.5 

Q2 0.137 0.06  0.065 -15.30 14.682 41.596 41.553 0.0008 0.029 0.11   178.6 

 

�GC4258 

Q1 0.398 0.30  0.073   -8.97 13.217 39.064 40.657 2.416 0.103 0.41     22.7 

Q2 0.654 0.60  0.032   -9.42 13.261 39.244 40.875 2.950 0.153 0.61     37.5 

 

�GC4410 

Q1 2.237 1.96  0.067 -15.61 14.619 41.720 42.395 0.008 0.216 0.89 1243 

Q2 0.662 0.60  0.013 -15.94 14.456 41.852 42.070 0.012 0.153 0.61   587 

Q3 1.903 1.96 -0.043 -15.61 14.546 41.720 42.322 0.012 0.231 0.89 1049 

Q5 0.535 0.60 -0.064 -17.89 14.361 41.632 41.974 0.019 0.156 0.61   471.4 

Q6 1.776 1.96 -0.085 -15.79 14.486 41.792 42.262 0.015 0.220 0.89   914.5 

Q8 0.085 0.06 -0.001 -18.54 14.821 41.892 41.691 0.0004 0.027 0.11   245.7 

Q9 1.590 1.41  0.049 -15.15 14.707 41.536 42.454 0.005 0.203 0.83 1421.5 

Q10 1.502 1.41  0.013 -16.36 14.757 42.020 42.504 0.004 0.204 0.83 1594.5 

Q11 0.628 0.60 -0.008 -15.85 14.483 41.816 42.096 0.011 0.159 0.61   624 

Q12 1.043 0.96  0.017 -16.44 14.825 42.052 42.523 0.003 0.210 0.74 1668.5 

Q13 1.363 1.41 -0.044 -15.94 14.762 41.852 42.509 0.004 0.209 0.83 1615 

Q15 1.471 1.41  0.0 -17.59 14.555 41.512 42.302 0.010 0.202 0.83 1003 
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Q16 1.076 0.96  0.033 -15.70 14.563 41.756 42.261 0.009 0.188 0.74   912 

Q17 1.345 1.41 -0.051 -15.86 14.632 41.820 42.378 0.007 0.201 0.83 1195 

Q18 1.090 0.96  0.040 -16.06 14.786 41.900 42.484 0.003 0.175 0.74 1525 

Q19 1.715 1.41  0.099 -15.69 14.406 41.752 42.153 0.021 0.213 0.83   711 

Q20 0.681 0.60  0.025 -17.44 14.756 42.452 42.370 0.003 0.152 0.61 1171.5 

Q21 2.649 2.64 -0.022 -15.10 14.585 41.516 42.380 0.010 0.231 0.92 1199 

Q22 0.773 0.60  0.081 -16.40 14.635 42.036 42.248 0.005 0.145 0.61   885.5 

Q23 0.064 0.06 -0.021 -17.46 15.327 42.460 42.197 .00004 0.028 0.11   787 

Q24 0.398 0.30  0.049 -16.60 14.633 42.116 42.072 0.004 0.115 0.41   590.5 

Q25 1.429 1.41 -0.017 -16.14 14.713 41.932 42.460 0.005 0.208 0.83 1440.5 

 

�GC4579 

Q2 0.662 0.60  0.034 -11.61 13.619 40.120 41.233 0.566 0.153 0.61     85.5 

 

�GC5548 

Q1 0.852 0.96 -0.071 -15.23 14.666 41.568 42.364 0.006 0.202 0.74 1156.5 

Q2 0.184 0.06  0.098 -15.60 14.676 41.716 41.546 0.0008 0.028 0.11   175.8 

Q3 0.727 0.60  0.061 -14.73 14.550 41.368 42.164 0.008 0.158 0.61   730 

Q4 2.425 2.64 -0.075 -14.55 14.321 41.296 42.116 0.034 0.233 0.92   653.5 

Q5 2.100 1.96  0.030 -13.41 14.416 40.840 42.192 0.021 0.223 0.89   778.5 

Q6 1.928 1.96 -0.027 -14.89 14.413 41.432 42.189 0.021 0.220 0.89   773.5 

Q7 2.297 1.96  0.095 -14.63 14.587 41.328 42.363 0.0095 0.222 0.89 1154.5 

Q8 1.800 1.96 -0.070 -13.13 14.014 40.728 41.790 0.134 0.223 0.89   308.5 

Q9 1.830 1.96 -0.060 -12.92 13.938 40.644 41.715 0.189 0.222 0.89   259.3 

Q10 1.917 1.96 -0.031 -14.77 14.389 41.384 42.165 0.024 0.225 0.89   732 

Q11 1.057 0.96  0.032 -14.13 14.511 41.128 42.209 0.011 0.181 0.74   809 

Q12 0.560 0.60 -0.041 -14.13 14.286 41.128 41.899 0.026 0.151 0.61   396.6 

Q13 2.310 1.96  0.100 -14.06 14.396 41.100 42.173 0.023 0.223 0.89   744 

Q14 2.500 2.64 -0.055 -15.93 14.871 41.848 42.666 0.003 0.259 0.92 2316.5 

Q15 0.237 0.30 -0.065 -16.43 15.232 42.048 42.672 0.0002 0.091 0.41 2347 

Q16 0.674 0.60  0.029 -14.93 14.597 41.448 42.211 0.006 0.146 0.61   812 

Q17 2.200 1.96  0.063 -15.53 14.841 41.688 42.617 0.003 0.225 0.89 2069.5 

Q18 1.053 0.96  0.030 -17.57 15.079 42.504 42.777 0.0008 0.180 0.74 2992 

Q19 0.084 0.06  0.006 -16.36 14.809 42.020 41.680 0.0004 0.026 0.11   239.2 

Q20 0.649 0.60  0.013 -16.37 14.868 42.024 42.481 0.002 0.170 0.61 1514.5 

 

�GC5985 

Q1 2.125 1.96  0.047 -12.62 13.868 40.524 41.644 0.263 0.223 0.89   220.2 

Q2 1.968 1.96 -0.005 -12.96 14.116 40.660 41.892 0.084 0.224 0.89   390.2 

Q3 0.807 0.96 -0.085 -13.99 14.309 41.072 42.007 0.029 0.188 0.74   507.8 

Q4 0.690 0.60  0.048 -14.05 14.210 41.096 41.823 0.037 0.152 0.61   332.9 

Q5 0.348 0.30  0.028 -14.20 14.263 41.156 41.703 0.020 0.105 0.41   252.4 

Q6 1.895 1.96 -0.030 -13.23 14.046 40.768 41.822 0.116 0.224 0.89   331.8 

 

�GC6217 

Q1 0.358 0.30  0.039 -10.08 13.474 39.508 40.913 0.742 0.103 0.41     41 

Q2 0.376 0.30  0.053   -9.88 13.427 39.428 40.867 0.919 0.103 0.41     36.8 

 

IC4553 

Q1 0.232 0.30 -0.069 -15.01 14.655 41.480 42.095 0.003 0.102 0.41   622.5 

Q2 1.249 1.41 -0.083 -13.56 14.280 40.900 42.026 0.037 0.209 0.83   531.5 

Q3 1.258 1.41 -0.080 -12.86 14.442 40.620 42.189 0.017 0.203 0.83   772.5 

Q4 0.463 0.30  0.105 -14.18 14.149 41.148 41.588 0.033 0.102 0.41   193.9 
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Clearly, the gravitational redshift should depend on the density of the quasar. In 

fact, the relation “density-gravitational redshift” includes also the inverse square of 

the quasar radius, as shown in Paper I: 

 ρq = (3/4π) · (c2/2G) · (1/rq
2 ) · {1 – 1/ (1 + zgr).

2}  (8)  

From eq.(8), we can reduce all densities to some radius of choice, in order to avoid 

the dependence of density on radius. In Table 2, column 10, the reduced densities 

to a radius 8×1013 cm are listed (the choice of radius is arbitrary).  Fig (1) shows 

the plot of reduced densities versus observed redshifts. The sample of 225 quasars 

fits well the theoretical (dashed) line for a radius 8×1013 cm. We believe, this is 

strong evidence that all premises assumed were true. There are several quasars, 

which deviate from the general sequence in Fig (1) (marked by numbers).  

 

 

Figure 1. Diagram "Reduced density – observed redshift" for 225 local quasars. All 

densities are reduced to a radius of 8×1013 cm. The dashed line is the theoretical 

line from eq (8) for radius 8×1013 cm. The numbered QSOs are:  

 1 = NGC5548Q1, 2 = NGC4410Q12, 3 = M82Q6, 4 = NGC5548Q14 

 

Several causes could contribute to the scatter on this diagram: observational errors, 

variability of the QSOs, the use of the “absolute mag – radius”relation to determine 

the radii of quasars with unknown B-V, or a projection of a more distant quasar. 

Another cause for scatter could also be the redshift of the parent galaxy, if some 

intrinsic (gravitational reddening) component is present in the galaxy-redshift. A 

careful examination of all these causes goes, however, beyond the scope of this 

paper. 

The relation “density – redshift” needs an explanation. As in Paper I, we believe 
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that this relation shows possibly an evolutionary effect: the redshift of a quasar 

(actually, it is only its gravitational component) decreases as its density drops. The 

physical processes behind this evolution are not yet clear. If density decreases, 

however, disintegration processes of matter are probably involved. 

If disintegration processes are involved, the quasar radius in the course of evolution 

should increase. It could be calculated that a quasar with zgr  = 3.22 and reduced 

density = 0.239 will “travel” along the diagram with increasing radius, and will 

reach position zgr  = 0.07, and reduced density = 0.03 when the radius is increased 8 

times with respect to the initial position. 

Let us remind the reader that Ambartsumian [56] put forward a radically new hy-

pothesis, according to which the unusual activity in active galactic nuclei is due to 

the disintegration of matter of yet unknown origin and properties. There is an inter-

esting consequence of eq.(8), already discussed in Paper I. At large redshifts, the 

evolution of redshift to lower values as density decreases is very fast. This could 

explain why very large values of QSOs - redshifts have not been observed. The 

well known problem of declining number of quasars with redshifts z > 3 is also 

explained in a natural way. In a number of papers, Halton Arp [28, 36, 37] sug-

gested an evolutionary scenario for quasars, where quasar redshifts decrease when 

receding from the parent galaxy (ejection hypothesis). The end-products of the 

evolution of quasars, according to Arp’s scenario, are galaxies. Thus this evolution 

could be detected by the increasing luminosity (and radius) of the quasar in the 

course of its evolution.  

We shall test first the Arp’s hypothesis with the quasars of NGC450 (63 quasars). 

In Fig (2), the absolute magnitudes are plotted against the observed redshifts for 

these quasars (upper panel). A trend of increasing absolute mag with decreasing 

redshift could possibly exist. We could try to improve the evolutionary picture in 

the following way. In Paper I, it has been shown that a relation “absolute magni-

tude – mass” exists for quasars: 

 Mq = 158.808 – 4.107 · log mq (9) 

As quasars do have different masses, the evolutionary effect in the upper panel of 

Fig (2) could be masked by this “absolute mag. – mass” relation. In order to elimi-

nate the influence of different masses, all quasar magnitudes were reduced to a 

single mass (a mass of choice), mq = 5.3 × 1041 g. Clearly, the choice of this mass 

is arbitrary and should not have influence on the conclusions. The result is shown 

in the middle panel of Fig (2) and the evolutionary increase of absolute magnitude, 

corresponding to a decreasing redshift is now obvious. In the lower panel of Fig 

(2), the corresponding increase is shown of the quasar radii. As expected, at least 

one part of the brightness increase is due to the increase of the quasar radius. The 

same procedure was repeated with the groups of quasars of M82 (mags reduced to 

a mass of 6.6 × 1040 g), NGC1068, NGC1097, and NGC3628 (all mags reduced to 

a mass of 2.4 × 1041 g), NGC2639 and NGC3079 (mags reduced to a mass of 7.3 × 

1041 g), and NGC4410 and NGC5548 (mags reduced to a mass of 1.6 × 1042 g). 



Study of possible local quasars II. A sample of 225 QSOs  95 
 

Table 3. Coefficients for eq. (10), fitting the curves on Fig. 2, middle panel and on 

Fig. 3. 

Quasars of galaxy K1 K2 K3 

NGC 450 -18.0007903 -72.4023860 6.201239506 

NGC4410 and NGC5548 -19.5467805 -34.4308619 2.509362351 

NGC2639 and NGC3079 -23.1655734 -311.797871 24.85949595 

NGC1068, NGC1097, and 

NGC3628 

-15.3563492 -37.4438895 3.757783143 

 
Figure 2. (upper panel). Relation of absolute magnitude with observed redshift for 63 

quasars of NGC450 (data from Table 2). Note the trend of increasing mag with 

decreasing redshift; (middle panel) The same relation for the same 63 quasars of 

NGC450 with all magnitudes reduced to a mass of 5.3 × 1041 g (see text); (lower 

panel) Relation of quasar radius versus observed redshift for the same 63 quasars 

of NGC 450. 
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Figure 3. Relation of absolute magnitude with observed redshift for quasars of: M82 

(crosses), all mags are reduced to a mass of 6.6 × 1040 g; NGC1068, NGC1097, 

and NGC3628 (rhombs), all mags are reduced to a mass of 2.4 × 1041 g; 

NGC2639 and NGC3079 (dots), all mags are reduced to a mass of 7.3 × 1041  g; 

NGC4410 and NGC5548 (circles), all mags are reduced to a mass of 1.6 × 1042 

g The fitting functions are from  eq. (10) and Table 3 (see text). 

The results are shown in Fig (3). With exception of the M82 quasars (which are 

least luminous), the rest of the data shows clear increase of absolute magnitude 

with decreasing redshift. This is strong evidence in favor of Arp’s scenario. The 

separation of quasars of different galaxies in different groups is necessary, because 

quasars of different galaxies seem to show intrinsic differences in their luminosities 

and radii (Paper I). From Fig (3), apparently the least luminous quasars are quasars 

of M82, and the most luminous are the quasars of NGC4410 and NGC5548. The 

reason for this separation is not yet clear. Combining the evidence of Fig (2) and 

Fig (3), the evolutionary increase in luminosity, as predicted by the Arp’s scenario, 

seems to be confirmed. The lines drown in Fig (2), middle panel, and in Fig (3) 

correspond to the function: 

 Mq = (k1 + k2. zo)/(1 + k3.zo) (10) 

and which is fitted to the different curves with different coefficients. These are 

listed in Table 3. The physical meaning of these coefficients is not yet clear. More-

over, the fitting function (10) could be an approximation to another, yet unknown 

(true) relation. 

 

In Fig (4), the relation is shown between the absolute magnitude and the radius for 

sample quasars and for stars (data from Table 2).  The mean line for quasars (corre-

lation coeff.: -0.95) is defined by: 

 Mq = 50.65 – 4.51 · log rq  (11) 
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Figure 4. Diagram "absolute magnitude - radius" for 225 local quasars (dots). The same 

relationship is shown also for stars (crosses), as mean values for O5, B0, 

B5,.,M5. 

Thus respective relation from Paper I is confirmed. 

In Fig (5), the absolute magnitude is plotted versus the mass for the sample quasars 

and also for stars (data from Table 2). The mean line for quasars (correlation co-

eff.:-0.85) is defined by: 

 

Figure 5. Diagram "absolute magnitude - mass" for 225 local quasars (dots). The same 

relationship is shown also for stars (crosses), as mean values for: O5, B0, 

B5,.,M5. 
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 Mq = 153.31 – 3.98 · log mq (12) 

Thus respective relation from Paper I is confirmed. 

The “mass-radius” relation is shown in Fig (6) (data from Table 2), for the sample 

quasars (correlation coeff.: 0.90) and for stars. The mean line for quasars is: 

 log mq = 28.82 +0.92 · log rq (13) 

The respective relation from Paper I is confirmed.  

This relation implies that fainter quasars have larger gravitational redshifts, which 

has been discussed already by Greenstein and Schmidt [30].   

The “mass-luminosity” relation (data from Table 2.) is shown in Fig (7) for the 

sample quasars (correlation coeff:   0.87) and for stars. The mean line for quasars 

is: 

 log Lq = -25.31 + 1.58 · log mq  (14) 

The respective relation from Paper I is confirmed. 

 

 

Figure 6. Diagram "mass - radius" for the sample of 225 local quasars (dots). The same 

relationship is shown also for stars (crosses), as mean values for: O5, B0, 

B5,.......,M5. 

 

From eq.(14), more massive quasars have excessive luminosity, which could lead 

to extensive outer layers. This could be one possible reason for a relation of the 

type “mass – density” (see also Paper I), and which is shown in Fig (8) with data 

from Table 2. The mean line for quasars (correlation coeff.: - 0.79) is: 
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 log ρq = 67.59 – 1.65 · log mq (15) 

In this case, the scatter of quasars compared to Paper I is more pronounced and the 

coefficients in eq. (15) deviate somewhat from the respective coefficients in Paper 

I.  Possible causes for errors have been already mentioned above.  

 

 

Figure 7. Diagram "mass - luminosity" for the sample of  225 local quasars (dots). The 

same relationship is shown also for stars (crosses), as mean values for: O5, B0, 

B5,.......,M5. 

 

Eq.(15) implies that quasars of larger masses have smaller densities. Besides the 

possibility of extended outer layers, there could be another reason for this relation. 

We have already discussed the possibility of evolution of quasars due to 

disintegration of dense matter, which is inferred by Fig (1). A relation of the type 

as eq.(15) could also exist if the speed of evolution (disintegration) depends on the 

mass of the quasar:  more massive quasars evolve more rapidly. Clearly, this 

question needs further study. 

The picture presented in this study is self-consistent. However, there is a 

contradiction with some observational evidence. Host galaxies studies in [57, 58] 

revealed that host galaxies redshifts are identical with the redshifts of respective 

“hosted” quasars. On the other hand, a QSO is reported at only 2.4 arcsec from a 

dwarf galaxy [52]. Hotly debated is also a QSO (z=2.114) very close to the nucleus 

(and therefore, probably being hosted) of NGC7319 (z=0.022) [59]. Clearly, 

further studies would be needed.  
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Figure 8. Diagram  "mass - density" for the sample of 225 local quasars(dots). The same 

relationship is shown also for stars (crosses), as mean values for: O5, B0, 

B5,.....,M5. Note that the massive objects are now at the bottom of respective 

sequence. 

 

 

Figure 9. Distribution of the Doppler shifts of 225 possible local quasars (data from Table 

2). 
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In Fig (9), the distribution of the Doppler-shifts of sample quasars is presented 

(data from Table 2). The real distribution is yet unknown but some general condi-

tions could be considered: 

• Doppler shifts reflect only the projections of ejection velocity along the line of 

sight; 

• Lower ejection velocities are more likely than higher velocities. A peak in the 

distribution is therefore to be expected around the zero velocity, if the sample 

of quasars is large enough; 

• Distribution should have symmetry with respect to the zero velocity, if all di-

rections of ejection have the same probability. In some active galaxies, ejection 

of quasars has been reported along the rotational axis, i.e. along a preferred di-

rection [28,29,37,52]. With a large sample of galaxies (and quasars), however, 

these effects should cancel out and the distribution should be symmetric; 

• Ejection velocities should be limited. 

From Fig (9), it is apparent that the peak of the distribution is shifted in direction of 

positive velocities. We believe, this is an effect of incompleteness of the sample. 

Also seen is the limiting Doppler shift, which is about 0.1 (maximal projected ejec-

tion velocity about 30 000 km.s-1). 

 

 

4.  Conclusions 
 
A sample of 225 possible local quasars from 18 active galaxies seems now to be 

established and all conclusions here refer only to these sample quasars. Generally, 

we could say that all relations for quasars found in Paper I could now be confirmed 

on a basis of larger sample. Local quasars are most probably ejected from respec-

tive parent galaxy. The maximal projected velocity of ejection found is about 

30 000 km.s-1 .The physics of this ejection is yet unknown. The redshifts of quasars 

are probably a “mixture” of three components: gravitational reddening, cosmologi-

cal component and Doppler component. The gravitational reddening seems to be 

the largest component and the cosmological redshift is that of the parent galaxy. 

Larger gravitational redshifts seem to correspond to fainter quasars. The gravita-

tional redshifts are probably quantized, according to the Karlsson-sequence. Qua-

sars behave like a single body. Their physical characteristics are listed in Table 2. 

A theory of such configurations does not yet exist. To understand quasars, we may 

need deeper knowledge of the atomic structure. Quasars from different galaxies are 

separated in radii and luminosities but the reason for that separation is not clear. In 

our sample, quasars of M82 are the least luminous and quasars of NGC4410 and 

NGC5548 are most luminous. Quasars seem to evolve with decreasing density and 

redshift (it is actually the gravitational component that depends on density). At 

large redshifts, the drop of redshift as density decreases is very fast. This could 

explain the well known problem of decline of number of quasars for z > 3. Density 

could possibly be decreasing because of disintegration of matter of yet unknown 
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origin and properties. According to the Arp’s scenario, quasars evolve into galax-

ies. Fig (1) and eq. (8), as well as Figs (2 and 3) fit quite well into this scenario and 

the conclusion would be that the evolution of quasars into galaxies proceeds with 

decreasing density and redshift but with increasing radius and luminosity.  

In Fig (2) and Fig (3), the increase of luminosity by decreasing redshift is clearly 

seen. Quasars with the largest gravitational redshifts are also most young. 

 From the Arp’s scenario, a fundamental question arises. If it is true that quasars 

evolve into galaxies, then some (compact) galaxies could still be in transition, 

meaning that they could also exhibit gravitational redshift component. It appears 

then that care should be taken to reduce possible gravitational redshifts when a 

Hubble diagram is constructed. This may turn to be a serious problem and the 

outcome is now unpredictable. However, the existence of local quasars does not 

exclude the possibility that other quasars are distant, at cosmological distances. The 

reduction of gravitational components in their redshifts would then be crucial. 

This study confirms the previously found relations in Paper I: absolute mag – 

radius, absolute mag – mass, mass – radius, and mass – luminosity. The physics 

behind these relations is not yet clear. The remarkable feature is that all these 

relations exist also for stars, which has been known for many years.  The 

tantalizing question arises, could there be a link between these seemingly entirely 

different kinds of objects?  If yes, what is it?  If no, how do we explain all these 

similar relations? Now, there is one more relation to come: the mass – density 

relation exists for quasars and also for stars. For quasars, it could be pointing to an 

evolution depending on the mass of the quasar: more massive quasars evolve 

(disintegrate) more rapidly. These parallels between quasars and stars are too many 

to be a coincidence. However, the consequences of these parallels could be far 

reaching. 

An important, yet unsolved problem is the quantization of gravitational redshifts, 

according to the Karlsson-sequence. Some new studies with modern surveys did 

not confirm the Karlson-sequence. However, this negative result does not necessar-

ily mean that this sequence does not exist. It may be that the sequence would be 

undetectable, because of more substantial contribution to the observed redshifts of 

the other two terms in the eq. (1): the cosmological term and the Doppler term. The 

contribution of the cosmological redshift will increase with distance, making any 

possible pattern in the gravitational redshifts undetectable. From Table 2, it is ap-

parent that quantization of gravitational redshifts leads to a quantization of the ratio 

rgr/rq , and also to the quantization of reduced densities. This is well seen also in Fig 

(1). Arp [28] suggested that the evolution of redshifts proceeds in steps, each step 

corresponding to the next lower value of the Karlsson-sequence. If these results are 

confirmed, it could mean that we enter for the first time a quantized macro-world. 

A beguiling mirage or a reality? It remains to be seen.  

In their last joint paper in the Astrophysical Journal [23], Burbidge and Napier re-

viewed the evidence for clustering of quasars near low redshift galaxies. In the 

present study, we believe, we could add some additional evidence about 225 possi-
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ble local quasars.  Disintegration processes of dense matter in the Universe may 

play far greater role than previously believed. 
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