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�o� 5 100 Å [Q_�o&Sl�H[9�QÆ (3)d
4d,d
��J�[0l.Æ�}d6zo,�fv �0�8p�?��DY%YV�d
4d,d
��J�}d6zo[8pv/pT*�!0l.Æ.�[�rÆd
4d,d
��J��.[.�p}�-(%�Q.[.��A[Æ0l.Æ�0lDZ��fv ,K5J-N�p[sd
�oD�,|�<�0[3e5ÆÆd
9�,7[*C�&Sl�^#[�-�jyR ) �w\��)��	��s^���ÆX�/
�) ?�g�o� P158; �#N��� A

1 41 ��IÆZ
b�
+B�+qZ�
8�~2N7%���
b�
GnZ-�ulV�IÆ��
b��IÆ+
b3
�IÆ�� %RZ
b�
Gn87I�y
H�g�~~�z
b�n R = 10 = 5 GHz 
b�n℄� 1024 W · Hz−1 · Sr−1 ~L�
b��IÆ+
b3
�IÆ�R N� 10 = 5 GHz
b�nN� 1024 W · Hz−1 · Sr−1?�
b��IÆ��%?�
b3
�IÆ [1−2]. 
b�n R o( 5 GHz �
"n�
4 400 Å �
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RBLR ∝ λL0.7

5100
[28−29,33], qLulXU

RBLR = (32.9+2.0
−1.9)

[

λLλ(5100)

1044 erg · s−1

]0.700±0.033
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Table 1 The samples of radio quasars

Name Type z lg Lbol Ref lg M lg(λLλ) νFWHM Ref lg R Ref lg St Ref

(erg · s−1) (M⊙) (erg · s−1) (km · s−1) (Jy)

0026+129 RQQ 0.142 45.39 19 7.58 44.8451 1860 35-36 0.03 37 -2.292 7

0052+251 RQQ 0.155 45.93 19 8.41 44.8129 5200 35-36 -0.62 37 -3.131 7

0157+001 RQQ 0.164 45.62 19 7.7 44.8597 2140 35-36 0.33 37 -2.097 7

0804+761 RQQ 0.1 45.93 19 8.24 44.8195 3070 35-36 -0.22 37 -2.623 7

0844+349 RQQ 0.064 45.36 19 7.38 44.2355 3800 35-36 -1.52 37 -3.509 7

0923+201 RQQ 0.19 46.22 19 8.94 45.1099 7310 35-36 -0.85 37 -3.602 7

0953+414 RQQ 0.239 46.16 19 8.24 45.0755 3130 35-36 -0.36 37 -2.721 7

1012+008 RQQ 0.185 45.51 19 7.79 44.73 2640 35-36 -0.3 37 -3 7

1116+215 RQQ 0.177 46.02 19 8.21 45.2101 2920 35-36 -0.14 37 -2.553 7

1202+281 RQQ 0.165 45.39 19 8.29 44.6503 5010 35-36 -0.72 37 -3.081 7

1307+085 RQQ 0.155 45.83 19 7.9 44.7218 5320 35-36 -1 37 -3.456 7

1351+640 RQQ 0.087 45.5 19 8.48 44.6415 5660 35-36 -0.64 37 -1.876 7

1402+261 RQQ 0.164 45.13 19 7.29 44.4099 1910 35-36 -0.64 37 -3.208 7

1411+442 RQQ 0.089 45.58 19 7.57 44.5119 2670 35-36 -0.89 37 -3.215 7

1426+015 RQQ 0.086 45.19 19 7.92 44.6117 6820 35-36 -0.55 37 -2.917 7

1444+407 RQQ 0.267 45.93 19 8.06 45.2 2480 35-36 -1.1 37 -3.796 7

1613+658 RQQ 0.129 45.66 19 8.62 44.8426 8450 35-36 0 37 -2.519 7

1617+175 RQQ 0.114 45.52 19 7.88 44.3747 5330 35-36 -0.14 37 -2.963 7

1700+518 RQQ 0.292 46.56 19 8.31 45.433 2210 35-36 0.37 37 -2.143 7

2130+099 RQQ 0.061 45.47 19 7.74 44.3345 2330 35-36 -0.49 37 -2.688 7

0022–297 RLQ 0.406 44.98 19 7.91 43.9777 4200 35-36 4.4 18 0.0128 39

0056–001 RLQ 0.717 46.54 19 8.71 45.5441 3000 35-36 3.58 18 0.1461 39

0114+074 RLQ 0.343 44.02 19 6.8 43 2515 35-36 5.05 38 -0.174 40

0133+207 RLQ 0.425 45.83 19 9.52 44.8325 13500 35-36 3.56 18 0.0334 39

0134+329 RLQ 0.367 46.44 19 8.74 45.4472 3360 35-36 3.53 18 0.7226 39

0135–247 RLQ 0.831 46.64 19 9.13 45.6435 4500 35-36 3.34 18 0.2304 39

0153–410 RLQ 0.226 44.74 19 7.56 43.7404 3385 35-36 4.1 38 -0.027 40

0159–117 RLQ 0.669 46.84 19 9.27 45.8388 4500 35-36 3.03 18 0.143 39

0221+067 RLQ 0.51 44.94 19 7.29 43.9395 2118 35-36 4.56 38 -0.114 40

0237–233 RLQ 2.224 47.72 19 8.52 46.7202 931 35-36 3.18 18 0.5315 39

0327–241 RLQ 0.888 46.01 19 8.6 45 4007 35-36 3.98 38 -0.137 40

0336–019 RLQ 0.852 46.32 19 8.98 45.3222 4876 35-36 2.48 18 0.4564 39

0403–132 RLQ 0.571 46.47 19 9.07 45.4771 4780 35-36 3.67 18 0.4594 39

0405–123 RLQ 0.574 47.4 19 9.47 46.3998 3590 35-36 2.47 18 0.2923 39

0420–014 RLQ 0.915 47 19 9.03 46 3000 35-36 3.43 18 0.1644 39

0454+066 RLQ 0.405 45.12 19 7.42 44.1139 2128* 35-36 3.92 38 -0.357 40

0502+049 RLQ 0.954 46.36 19 8.88 45.3598 4184 35-36 3.76 38 -0.097 40

0518+165 RLQ 0.759 46.34 19 8.53 45.3404 2840 35-36 4.04 18 0.6138 39
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Table 1 (continued)

Name Type z lg Lbol Ref lg M lg(λLλ) νFWHM Ref lg R Ref lg St Ref

(erg · s−1) (M⊙) (erg · s−1) (km · s−1) (Jy)

0538+498 RLQ 0.545 46.43 19 9.58 45.4298 8924 35-36 3.97 18 0.9191 39

0602–319 RLQ 0.452 45.69 19 9.02 44.6902 8500 35-36 3.74 18 0.0969 39

0607–157 RLQ 0.324 46.3 19 8.68 45.301 3518 35-36 3 18 0.2601 39

0637–752 RLQ 0.654 47.16 19 9.41 46.1599 4082 35-36 3.26 18 0.7672 39

0723+679 RLQ 0.846 46.41 19 8.67 45.4099 3178 35-36 3.63 18 0.1206 39

0736+017 RLQ 0.191 45.97 19 8 44.9685 2820 35-36 2.95 18 0.2989 39

0738+313 RLQ 0.631 46.94 19 9.4 45.9395 4800 35-36 3.2 18 0.3962 39

0809+483 RLQ 0.871 46.54 19 7.96 45.5403 1259 35-36 4.06 18 0.6454 39

0838+133 RLQ 0.684 46.23 19 8.52 45.2304 3090 35-36 3.64 18 0.143 39

0906+430 RLQ 0.668 45.99 19 7.9 44.9912 1833 35-36 3.95 18 0.2553 39

0912+029 RLQ 0.427 45.26 19 7.72 44.2553 2678 35-36 3.85 38 -0.337 40

0921–213 RLQ 0.052 44.63 19 8.14 43.6335 7238* 35-36 2.56 38 -0.377 40

0923+392 RLQ 0.698 46.26 19 9.28 45.2601 7200 35-36 4.48 18 0.941 39

0925–203 RLQ 0.348 46.35 19 8.46 45.3502 2611 35-36 2.75 38 -0.155 40

0953+254 RLQ 0.712 46.59 19 9 45.5899 4012 35-36 3.56 18 0.2601 39

0954+556 RLQ 0.901 46.54 19 8.07 45.5403 1432 35-36 3.81 18 0.3579 39

1007+417 RLQ 0.612 46.71 19 8.79 45.7101 2860 35-36 2.79 18 -0.149 39

1016–311 RLQ 0.794 46.63 19 8.89 45.6304 3416 35-36 3.21 38 -0.187 40

1020–103 RLQ 0.197 44.87 19 8.36 43.8692 7920 35-36 2.08 38 -0.31 40

1034–293 RLQ 0.312 46.2 19 8.75 45.1987 4116 35-36 2.92 38 0.179 39

1036–154 RLQ 0.525 44.55 19 7.8 43.5441 5216 35-36 4.98 38 -0.108 40

1100+772 RLQ 0.311 46.49 19 9.31 45.49 6160 35-36 2.51 18 -0.114 39

1101–325 RLQ 0.355 46.33 19 8.61 45.3304 3135 35-36 2.81 38 -0.137 40

1106+023 RLQ 0.157 44.97 19 7.5 43.9685 2632* 35-36 3.27 38 -0.301 40

1107–187 RLQ 0.497 44.25 19 6.9 43.2553 2361* 35-36 5.04 38 -0.301 40

1111+408 RLQ 0.734 46.26 19 9.82 45.2601 13500 35-36 3.45 18 -0.102 39

1128–047 RLQ 0.266 44.08 19 6.72 43.0792 2186* 35-36 4.88 38 -0.046 40

1136–135 RLQ 0.554 46.78 19 8.78 45.7803 2670 35-36 3.11 18 0.3243 39

1137+660 RLQ 0.656 46.85 19 9.36 45.85 4950 35-36 2.91 18 0.0253 39

1150+497 RLQ 0.334 45.98 19 8.73 44.9777 4810 35-36 3.23 18 0.0492 39

1200–051 RLQ 0.381 46.41 19 8.41 45.4099 2361 35-36 2.6 38 -0.337 40

1202–262 RLQ 0.789 45.81 19 9 44.8129 7500 35-36 4.04 18 -0.004 40

1211+143 RLQ 0.085 45.81 19 7.49 44.6928 1860 35-36 -0.72 37 -0.804 7

1226+023 RLQ 0.158 47.35 19 7.22 45.8089 3520 35-36 3.06 37 1.6325 39

1237–101 RLQ 0.751 46.63 19 9.28 45.6294 5392 35-36 3.59 18 0.1173 39

1250+568 RLQ 0.321 45.61 19 8.42 44.6128 4560 35-36 3.56 18 0.0253 39

1253–055 RLQ 0.536 46.1 19 8.43 45.1004 3100 35-36 4.6 18 1.1761 39

1254-333 RLQ 0.19 45.52 19 8.83 44.5185 7800 35-36 2.92 38 -0.268 41

1302–102 RLQ 0.286 45.86 19 8.3 44.8573 3400 35-36 2.28 18 0.0682 39

1309+355 RLQ 0.184 45.63 19 8 44.8899 2940 35-36 1.26 37 -1.268 7

1352–104 RLQ 0.332 45.81 19 8.15 44.8129 2814 35-36 3.4 38 -0.009 40

1354+195 RLQ 0.72 47.11 19 9.44 46.1099 4400 35-36 2.8 18 0.1931 39

1355–416 RLQ 0.313 46.48 19 9.73 45.48 10170 35-36 2.73 18 0.1584 39
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Table 1 (continued)

Name Type z lg Lbol Ref lg M lg(λLλ) νFWHM Ref lg R Ref lg St Ref

(erg · s−1) (M⊙) (erg · s−1) (km · s−1) (Jy)

1359–281 RLQ 0.803 46.91 19 8.07 45.1903 1889 35-36 3.67 38 -0.174 40

1450–338 RLQ 0.368 43.94 19 6.46 42.9542 1824* 35-36 5.1 38 -0.268 40

1509+022 RLQ 0.219 44.54 19 7.99 43.5441 6551 35-36 4.03 38 -0.268 40

1510–089 RLQ 0.361 46.38 19 8.65 45.3802 3180 35-36 3.17 18 0.4886 39

1545+210 RLQ 0.266 45.86 19 8.93 44.8573 7030 35-36 3 18 -0.143 7

1546+027 RLQ 0.412 46 19 8.72 45 4700 35-36 3.55 18 0.1614 39

1555–140 RLQ 0.097 44.94 19 7.25 43.9395 2001* 35-36 3.08 38 -0.081 40

1611+343 RLQ 1.401 46.99 19 9.57 45.9899 5600 35-36 3.85 18 0.4265 39

1637+574 RLQ 0.75 46.68 19 9.18 45.6803 4620 35-36 3.31 18 0.1523 39

1641+399 RLQ 0.594 46.89 19 9.42 45.8899 5140 35-36 3.57 18 1.0334 39

1642+690 RLQ 0.751 45.78 19 7.76 44.7796 1845 35-36 4.13 18 0.143 39

1656+053 RLQ 0.879 47.21 19 9.62 46.2101 5000 35-36 3.03 18 0.3222 40

1704+608 RLQ 0.371 46.33 19 8.23 45.5514 6560 35-36 2.81 37 0.0899 39

1706+006 RLQ 0.449 44.01 19 6.63 43 2086* 35-36 5.06 38 -0.42 40

1721+343 RLQ 0.206 45.63 19 8.04 44.6335 2880 35-36 2.73 18 -0.032 39

1725+044 RLQ 0.293 46.07 19 8.07 45.0682 2090 35-36 3.03 18 0.0934 39

1828+487 RLQ 0.691 46.78 19 9.85 45.7803 9159 35-36 3.85 18 0.7917 39

1928+738 RLQ 0.302 46.68 19 8.91 45.6803 3360 35-36 3.27 18 0.5237 39

1954–388 RLQ 0.626 46.31 19 8.63 45.3096 3293 35-36 3.38 18 0.3139 39

2004–447 RLQ 0.24 45.32 19 7.48 44.3201 1939 35-36 3.41 38 -0.187 40

2059+034 RLQ 1.012 46.84 19 9.13 45.8401 3815 35-36 3.29 38 -0.125 40

2120+099 RLQ 0.932 45.75 19 8.19 44.7482 3083 35-36 4.13 38 -0.301 40

2128–123 RLQ 0.501 46.76 19 9.61 45.7597 7050 35-36 2.77 18 0.316 39

2135–147 RLQ 0.2 46.17 19 8.94 45.1703 8460 35-36 2.79 18 0.1492 39

2141+175 RLQ 0.213 46.23 19 8.74 45.2304 4450 35-36 2.57 18 -0.466 41

2143–156 RLQ 0.698 46.65 19 7.68 45.6503 836 35-36 3.04 18 -0.086 40

2155–152 RLQ 0.672 45.67 19 7.59 44.6702 1650 35-36 3.51 18 0.1987 40

2201+315 RLQ 0.298 46.62 19 8.87 45.6201 3380 35-36 2.73 18 0.3655 39

2216–038 RLQ 0.901 47.17 19 9.24 46.1703 3300 35-36 3.4 18 0.1761 39

2247+140 RLQ 0.237 45.47 19 7.59 44.4771 2520 35-36 3.12 18 0.0086 39

2251+158 RLQ 0.859 47.27 19 9.17 46.27 2800 35-36 2.6 18 1.2405 39

2255–282 RLQ 0.926 46.96 19 9.16 45.96 3600 35-36 3.28 18 0.238 40

2311+469 RLQ 0.741 46.55 19 9.3 45.5502 5884 35-36 3.12 18 -0.137 39

2329–415 RLQ 0.671 46.22 19 8.93 45.2201 4952 35-36 3.32 38 -0.328 40

2344+092 RLQ 0.673 47.07 19 9.31 46.0697 3900 35-36 2.81 18 0.1553 39

2345–167 RLQ 0.576 45.92 19 8.72 44.9191 4999 35-36 3.9 18 0.5635 39

2.2 r℄<�p�laT&i+� 1 +� 2 �%o
b3
�IÆ+
b��IÆ/k-
+R�nZ�,��# �zg�5P9!Z���'����IÆZ/k-
+R�n%RZ8�P�)VX$N��$ 2 0�M$ 2 0ulXF

b3
�IÆZ/k-
+R�n%Rk~\8�P�z
b��IÆZ/k-
+R�n%Rk~G8�P�



374 � ! ℄ � 53 o
7.0 7.5 8.0 8.5 9.0

45

46

47

  

 

 

lg
(L

bo
l/(
er
g
s-1
))

lg(M/M )� 1 ed5e�K�1m/�tT p
Fig. 1 The black hole mass versus bolometric

luminosity for RQQs

6 7 8 9 10
43

44

45

46

47

48

49

lg
(L

bo
l/(
er
g
s-1
))

lg(M/M )

 

 

� 2 ed��K�1m/�tT p
Fig. 2 The black hole mass versus bolometric

luminosity for RLQsO 2 %,vmg�zn
Table 2 The results of linear regression

Type X Y A B r P N SD

RQQ lg M lg Lbol 41.86 0.48 0.58 0.006 20 0.30

RLQ lg M lg Lbol 38.74 0.86 0.80 < 0.0001 93 0.51

RQQ lg M lg R -1.83 0.17 0.15 0.52 20 0.48

RLQ lg M lg R 7.133 -0.43 -0.50 < 0.0001 93 0.58

RQQ lg M lg L5GHz 17.96 0.45 0.31 0.19 20 0.62

RLQ lg M lg L5GHz 22.17 0.41 0.48 < 0.0001 94 0.59

RQQ lg L5GHz lg Lbol 40.46 0.24 0.42 0.06 20 0.34

RLQ lg L5GHz lg Lbol 28.84 0.67 0.64 < 0.0001 93 0.64

RQQ lg(λLλ) lg Lbol 24.98 0.43 0.49 0.026 20 0.29

RLQ lg(λLλ) lg Lbol 1.03 0.99 0.99 < 0.0001 91 0.0049�A - B 	&q:"�D Y = A+ BX \Wn-E�� r q:�.z�P q+Hp}>�
N q
<\�z� SD q:"�D\#>;9	
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for RQQs
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Fig. 7 The black hole mass versus radio luminosity

for RQQs
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Fig. 8 The black hole mass versus radio luminosity

for RLQs
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Fig. 9 The black hole mass versus FWHM for RQQs
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Fig. 10 The black hole mass versus FWHM for

RLQs
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Fig. 11 The radio luminosity versus bolometric
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2 0ulXU
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Fig. 15 The distribution of Eddington ratio for

RQQs
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Fig. 16 The distribution of Eddington ratio for
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The Black Hole Mass and Radio Characteristics of
Radio Quasars

XIONG Ding-rong ZHANG Xiong ZHENG Yong-gang HUANG Bang-rong

MAO Li-sheng LIU Wen-guang
(College of Physics and Electronics, Yunnan Normal University, Kunming 650092)

ABSTRACT In this paper, we collect the redshift, bolometric luminosity, full-width at half

maximum (FWHM), monochromatic luminosity at 5100Å, radio loudness of 117 quasars,

including 20 radio quiet quasars and 97 radio loud quasars. Then we calculate the black

hole mass and Eddington ratio with the reverberation mapping method, and calculate the

radio luminosity using total 5 GHz flux density. By analyzing the relations among them,

our conclusions are as follows: (1) there are weak correlations between black hole mass and

bolometric luminosity, between black hole mass and radio loudness, and between black hole

mass and radio luminosity for radio quiet quasars (RQQs), while there are strong corre-

lations between black hole mass and bolometric luminosity, between black hole mass and

radio loudness, and between black hole mass and radio luminosity for radio loud quasars

(RLQs); (2) there are weak correlations between bolometric luminosity and radio luminos-

ity, and between bolometric luminosity and monochromatic luminosity at 5100Å for RQQs,

while there are strong correlations between bolometric luminosity and radio luminosity, and

between bolometric luminosity and monochromatic luminosity at 5100Å for RLQs; (3) the

distributions of black hole mass, FWHM and Eddington ratio between RQQs and RLQs are

different. From these results we suggest that the difference in black hole mass between RQQs

and RLQs is predominantly due to the difference in FWHM between RQQs and RLQs; the

difference between RQQs and RLQs is not due to the difference in orientation, but due to the

difference in intrinsic property; the black hole mass, spin of black hole, Eddington ratio and

morphology of host galaxy play an important role in explaining the origin of radio loudness

and the radio loudness “bimodality”; there is a close link between the disk accretion rate

and the generation of the relativistic radio jet.

Key words galaxies: active, quasars: general, black hole physics, radio continuum: galax-

ies


