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portant in interpreting the observed rates of change of angular separa

tions for small redshifts. The available observations imply that H is 
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Very long baseline interferonetry (VLBI) observations of compact 

radio sources have shown that the components of some radio sources 

appear to move apart with relative velocities more than twice the 

speed of light. These observations have been reviewed by 

Cohen et al. (1977). The importance of finding an explanation for this 

apparent contradiction to the accepted laws of physics is self-evident. 

Theoretical work on the problem has been concentrated so far on produc

ing a list of circumstances (some obviously ad hoc) in which apparent 

superluminal (faster than light) expansion may result (for a comprehen

sive review see Blanford, McKee, and Rees 1977). 

We present a model for compact extragalactic radio sources in 

which apparent superluninal expansion arises naturally. This nodel is 

in agreement with all the observations summarized by Cohen et al,(1977) 

«nd makes a number of additional predictions that can be checked by 

future observations. We present here only the simplest geometrical 

features or the model that produce the most immediate tests of the 

basic idea. A detailed derivation of the equations used here, the plasma 

physics aspects of the model, and the possible relation to extended 

radio sources will be discussed in a moie complete communication 

[Bahcall and Milgrom (1978)]. 

The central object (a quasar or a radio galaxy) is assumed to have 

a magnetic field, which at the distances of interest can be described as 

a dipole field (see Sanders 1974 and fig.l). An energetic event in the 

central object results in the ejection of a burst of charged particles 

which move along the field lines, forming a (non-spherical) shell or 

cloud which expands with relativistic velocities. The radiation from these 

particles is emitted in a narrow cone around the tungent to the local 
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field line. A distant observer can thus see only radiation which is 

emitted by particles moving in the plane defined by the dipole axis 

and the line of sight, i.e., along a straight line L in the plane of 

the sky. At any given time, radiation from the front of the expanding 

cloud is seen from two points (A and B in fig.l) on L. For these 

points, the tangent to the local field line is parallel to the line of 

sight. The light travel time on the arcs 0-A and on A-X (observer 

located at X) is such that the signal reaches us at time t (the same 

holds for B). The distance from points A and B to the line 0-X 

changes with velocities VI and V2, respectively, which are the apparent 

velocities of the two radio sources with respect to the central object 

as seen by a distant observer in the frame comoving with the object. 

he make the simplest geometrical assumptions. In particular, we 

assume that the magnetic field lines remain fixed in space during the 

observations (and are not affected by the plasma flow). The main 

predictions are (V = relative velocity = V.*V,): 

1. d(PA)/dt >• 0 

2. d(V/C)/dt * 0 

3. V/C > V /C - 4.4 
m 

4. d(PA)/dX - 0; d(V/C)/dX » 0 

5. VI * VI(V); V2 - V2(V) 

6. Probability (4.4 i g- < ̂ ) « cos\|i(q?0 

Here C is the velocity of light, V is the minimum possible value of 

V an.-1. X is the wavelength at which the observations are made. 
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In prediction 1, PA is the position angle of the line connecting 

the two sources. This prediction, and the first part of prediction 4, 

result froa the fact that radiation can be seen only from a given 

straight line (L). For the sane reason, it is predicted that different 

bursts in the sane source will have the same value of PA (as has been 

observed for 3C 120). Prediction 2 states that the observed relative -

velocity is constant during the expansion; this is also true for VI 

and V2 separately. Prediction 2 follows from the fact that the dipole 

field configuration does not have a characteristic radius; thus C 

is the only dinensional quantity in the problem. With the simplest 

assumptions, it is also predicted that V/C will be the same for 

different bursts. In the case of 3C 120, the velocities of the two 

bursts observed may be different (although the analysis of the second 

burst is only preliminary (Cohen et al., 1977)). This could indicate 

that particles of the second burst move on field lines distorted by the 

first burst (since the distortion preserves the axial symmetry, PA is 

still expected to be the same) or that the analysis of the observations 

of the second burst has not properly included the contribution of the 

first. 

Prediction 3 states that the apparent relative velocity is always 

superluminal with a ninioun possible value of 4.4C which occurs when 

the angle • between the line of sight and dipole axis is n/2. Predic

tion 3 can be used to impose constraints on the Hubble constant, H , 

and the deceleration parameter, q , which enter into the determination 

of V from the observed angular velocity of separation. For example, 

H must be <53kms" Mpc" in order to make thei.iferred value of V/C 
o 

for 3C 273 larger than 4.4 for q =0 and H<49 kms" Mpc" for q «1. Also 
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H <63 kms" Mpc in order to make V/C larger than 4.4 in the first 

burst from 3C 120. Thus if our model is correct, H £5S kms" Upc" . 

Prediction 4 simply states that the position angle and velocity 

are independent of wavelength. 

Prediction 5 states that the individual velocities VI and V2 are 

specified functions of the relative velocity V (or, equivalently, the 

angle • ) • The numerical relation is given in Figure 2. This predic

tion should be tenable by future observations although at present no 

measurements of individual velocities have yet been reported. 

The sixth prediction states the probability of finding V between 

V and some value V is cosi|i(V /C), where I|I(V/C) is given in fig. 2. 

We have assuned that the dipole axes are randomly oriented in space 

for the sample under consideration. One of the four well-observed 

sources, 3C 279, has been observed to have an apparent superluminal 

velocity of IOC (Cohen et al. 1977). One may ask if this value is too 

large to be considered plausible for the limited observational sample. 

Using the results shown in fig. 2, we find that the probability of 

observing one source with V/C>10 in a total sample of four sources is 

Ml.4, which is quite acceptable. 

The same geometrical model we have discussed was proposed previous

ly by Sanders (1974), whogives a clear discussion of the relation of this 

model to other suggestions for explaining superluminal velocities in 

compact radio sources. However, Sanders did not consider the quanti-

tative predictions (2) and (4)-(6) listed above. With respect to the 

central prediction (3), ho mistakenly concluded that 4.4 is the maxi

mum value nf v/C which can be achieved: Thus the .results he inferred 

from the model, i.e., V/C<4.4, are in apparent conflict with obser-
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vations for three of the four well-studied sources [3C 345, 3C 120, 

and 3C 279]. To avoid this problem, Sanders assumed that particles 

which move on different field lines are injected at different times. 

This assumption conflicts, in general, with the observationally 

verified condition that the relative velocity is constant (see 

prediction (2) above). The reader may easily verify that the direc

tion of the inequality is correctly given by our eq.(3) by considering 

a simple example. Suppose that the magnetic field lines are assumed to 

be circles (instead of the usual dipole field configuration). In this 

case, the relative velocity may be calculated easily and one finds 

V/CJ'4/(it-2)%3.S. 

It is. in principle possible to see two more sources between A and 

B. These additional sources represent particles that are returning to 

the origin on the other side of the central object. However, the 

existence in our model of these additional sources is -ess than cer

tain since the observer can see them only after two oppositely moving 

beams have interacted with each other. In any case, these backside 

points would appear to move with subliminal relative velocities which 

are always less than 0.1V. 
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Figure captions 

Fig- 1: The geometry of the model. A(t) and B(t) are the 

points from which radiation reaches the observer at 

time t. The central object (a quasar or a radio galaxy) 

is located at 0. 

Fig. 2: The calculated apparent velocities of the faster (VI). 

and slower (V2), components and the presently observed 

relative velocity (V) as functions of the angle t|> 

botween the dipole axis and the line of sight. A pure 

dipole field configuration is assumed. 



b observer at X. 

Figure 1 
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