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C 3.7 1.2 0.0

D 6.0 2.0 0.03

0106+013 Q 2.107 Bb 2.4 20.0 23.3 2.97

...
...

...
...

...
...

...
...

...S=w4Æ��j^�p&q}(uD
=��-2=� H0 = 70 km·s−1·Mpc−1 
�Vih ΩM = 0.3
�N&h ΩΛ = 0.7�B/p�Fyj
X Ωk = 0 	
NG[.^/p	
%



� 2 a U�\Æb� Blazar W-kj�p�"s_>Q�} 187�r��^,R�G [17] �
DL =

c (1 + z)

H0
· E (ΩM ,ΩΛ, z) , (3)�j DL G%r��
 c G%!
 z G8�
 ΩM = 0.3 G�Vih
 ΩΛ = 0.7 G�N&h
 H0 =70 km·s−1· Mpc−1 G-2=�� E(ΩM ,ΩΛ, z) ,/pj^�Vih��N&h28�% �

E (ΩM ,ΩΛ, z) =

∫ z

0

dz
′

√

(1 + z′)2(1 + ΩMz′) − z′ (2 + z′)ΩΛ

. (4)e_z�� DA , DL ^ [G�
DA =

DL

(1 + z)2
. (5)�kji[b0s^���

D = DA〈R〉 , (6)�j 〈R〉 G�kjiew)0s^[	Pe (, 1 jg 6 *) ��K
��H8� z 
S=&ÆP$H�kji[0s^�� D �B Ojha az [15] j^��
;%�HV,ji?o^�!r
S=���� [18] �
βapp =

µDL

c(1 + z)
, (7)P$H�!r�bj
 DL G��^%r��
 µ Gzie!r
 z G8�
 c G%!�, 1 *H(�p5^�� ($)��-|
�
*(�6�) �bj
g 1 *G�5^ IAUD�g 2 *G="D�g 3 *G%��y (�Q Nieppola az [19] 2006 S^v,>���g 4 *G5^8��g 5 *G�5V,j^ VLBI jiD�g 6 *GV,jiew) VLBI 0^[	e�� (VL� mas) �g 7 *GV,jiB7k[��[ VLBI 0^�!�� (VL� pc) �g 8 *G�ji?o^�!r (VL�%! c) �g 9 *G�5^ 15 GHz ,& (VL� Jy) �

3 �?R�Z#", 1 j^��
S=�(� VLBI ji?o^�!r,�ji[ VLBI 0B7k[��^�!��^ [A (aA 1(a) � (b) � (c) � (d)) �%w"��J{G HBL , LBL#81X�^;.�$) HBL V,�e% LBL SFB^
W 20 �T 90 SU:`��
z=qb{�[ HBL , LBL �eq%gk
 Blazar �|� (FSRQ � LBL � IBL 2 HBL) ^V,oi,�iUe�4e<
�K=P�
 Blazar �|�^V,jiB7k[��^�!��^�4
NU,�|�^V,ji[ VLBI 0^U
���4 (�^^
���qb
B7k[��^�!���) �



� 188 �������8�O���r�L������� 26 ��

B 1 �kj_�"s-
\1t_��_!\(z Blazar }��m't`sd`m�X#r1'sd`m`o�$A 2 Æ�
H
 FSRQ � LBL � IBL ^ji?o&xji, VLBI 0^[��^IS
PB��W!2^!^n�
W3<^|�W!p>r3<
 FSRQs W!p>R 20 pc�(� LBL M^
W!p>; 10 pc � IBL ^W!p>
% 5 pc �(�N FSRQ [ LBL [
IBL 
V,ji^!p�� VLBI 0<�<t�$)N FSRQ [ LBL [ IBL 
[	�k%r

B 2 �<�6_�T"s_kj\1t��- 15GHz &s_!\L��.7` 15 GHz 'tQCZg"	`dQ5I� Y = −4.0 + 0.18X �g"℄� R=0.45 � P <0.000 1



� 2 a U�\Æb� Blazar W-kj�p�"s_>Q�} 189�qb'k
S=�Y(Æ"j� Blazar^V,�S!rLf,�k%r^e  [ (aA 2)
b~E(�CG
Y = −4.0 + 0.18X . (8)$A 2 Æ�
H
Æ"j
V,�S!rLf,�k%r%gg^e  [
V,�S!rLf&�k%r'k~'k�D�A 
w) FSRQ � LBL 2 IBL 
+=^V,^!p[

VLBI 0^��&�k%r'k~'t�$A 1(d) Æ�
H
w) HBL 
b�!r&��;%A`^W!2^!n�
W�!rA`k)b* Blazar ��GN FSRQ [ LBL [ IBL A[ HBL 
[	�k%rqb'k
)� HBL 6ÆN7���^V,^!p[ VLBI 0^��&�k%r'k~'t^n�

�$) HBL ^�k%r�k
bW!pL) VLBI Ie3Æ�)^FrM
�~� HBL V,B VLBI Ie3Æ�)^Fr��w^!
N~�!rA`k)b* Blazar����C (8)2A 2 
S=Æ�
H
 HBL ("NÆ"jq� TeV Blazar 
�k%rk) 2 × 1024 W/Hz)^�S!rLf�� VLBI 0k); 2 pc �
4 �033n3

Jorstad az [12] w 10 ��k5j^V,jiq}(|"3^ VLBI Y8
�a% 22 �V,ji%W!,C (a, 2) �S=wSpji^j�q}(�Y
�aJ(�kv[^ 3�ji
b+^ 19 �jij% 17 � (89%) L)bW!p0M (, 2 g 6 *) 
�k�v4^
14 �jij% 12 �L) 20 pc �M
 LBL ^)%jiqL) 10 pc �M�S,AS==P�Yl*� Blazar V,^W!p&�k%r'k~'u
~V,^!p[ VLBI 0^��&�k%r'k~'t
�Æu^�Y|�	j)�
 VLBI #8,A
 TeV �5�b Blazar ^V,?o�!r8k)
MeV/GeV �5�b Blazar 
w~�!%'t�l TeV �5�b Blazar ^ew1V,!r, MeV/GeV 5eX� TeV �5�b Blazar q� HBL 
+=^�k%rqgk (k) 2 ×

10 24 W/Hz)
��S=Bg 3O)�H^�YÆ℄�Sp5^V,�S�!rLf�� VLBI0k); 2 pc �$)"N^Æ"j%3�� HBL 5 (27 �5) 
8℄��ji^�!r
Sp5^�S�!rji6ÆNL)Spji, VLBI 0^[
BA 2 jL)w i^^�
�~� U
^P4b ^�
N~ HBL ^V,�S�!rLf�� VLBI 0ÆN8k);
2 pc 
NL)Ie VLBI 3Æ�)^Fr�M�SÆ
 HBL ^V,BIe VLBI Æ�)^Fr�6ÆN�w^!
~+=^�5�b��p6ÆNBIe VLBI 3Æ�)^Fr�M
N~<�(�5#82 VLBI #8wV,!r�l3�e^9z
[D Piner az [7] ^!V,FywS�9z^o��



� 190 �������8�O���r�L������� 26 ��	 2 ��Æ��-:�:6 9� '��� }7 〈R〉 �� µ̇‖ µ̇⊥

/mas /pc /mas·a−2 /mas·a−2

(1) (2) (3) (4) (5) (6) (7) (8)

0420-014 0.915 Q B1 0.32 3.55 0.07 0.02

3C 111 0.048 RG c1 4.38 3.98 −0.22 −0.26

3C 120 0.033 RG o1 3.28 2.06 0.29 0.16

o2 1.85 1.16 −0.66 −0.12

0528+134 2.06 Q B8 0.13 2.03 0.1 −0.07

B6 0.34 5.32 0.06 −0.17

B4 0.39 6.1 0.11 −0.09

3C 273 0.158 Q B1 1.61 4.55 −0.14 0.1

B2 1.16 3.28 0.04 0.26

3C 279 0.538 Q C8 0.81 6.37 0.07 0.02

C4 3.54 27.85 0.02 −0.05

3C 345 0.595 Q C11 0.69 5.83 0.22 0.19

C9 1.23 10.39 0.11 −0.08

C8 1.54 13.01 −0.20 0.23

C7 2.89 24.42 −0.07 −0.01

1803+784 0.68 LBL B2 0.38 3.51 0.3 0.10

B1 0.7 6.47 0.52 −0.29

BL Lac 0.069 LBL S13 2.27 2.93 0.21 0.76

S11 1.58 2.04 0.07 −0.62

S10 2.2 2.84 0.32 0.71

3C 454.3 0.859 Q B6 0.31 3.31 0.37 0.24

B4 0.61 6.52 0.04 0.09
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Studying the Apparent Velocity of Blazar jet Statistically

PAN Yan-ping, BAI Jin-ming

(National Astronomical Observatories / Yunnan Observatory, Chinese Academy of Sciences, Kunming 650011,

China)

Abstract: VLBI observations show that the radio knots of TeV gamma-ray Blazar jets move

much more slowly than MeV/GeV gamma-ray Blazar jets. But their violent variations of TeV

fluxes require Lorentz factors of their relativistic jets similar to those of MeV/GeV Blazars. There

are several models to explain this problem, for example, the deceleration jet model in which it is

assumed that radio knots decelerate from the sub-parsec scale to the parsec scale in the jet, and

the transverse structure model in which it is assumed that the jet is not a symmetrical structure

but a transverse structure.

In order to test these models, we collect the VLBI observations for a sample of Blazars.

Totaly, the sample consists of 108 Blazars (86 FSRQs and 22 BL Lac objects). We calculate the

apparent speed of all radio knots in the sample and statistically study the locations of knots with

the maximum apparent speed of each Blazar in the sample. The results show that the location

of the radio knots with the maximum apparent speed decreases with the decrease of the radio

luminosity of Blazars, from FSRQs to LBLs to IBLs to HBLs, with the radio luminosity decreases,

the distance of the radio knots with the maximum apparent speed from the core in the plane of

sky gets shorter and shorter, implying that HBL jets have the shortest accelerate region. That

is to say, the jet decelerating region locates near the core in Blazar with low luminosity, and the

jet has decelerated from TeV-emitting region to the scale that VLBI can resolve, consistent with

the deceleration model.

Key words: astrophysics; Blazar; apparent superluminal motion


