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ABSTRACT 

We have studied the sources 3C 120, 3C 273, 3C 279, and 3C 345 at six epochs between 1975.40 
and 1977.13 using very long baseline interferometry at 10.65 GHz, and at 1976.52 and 1977.41 
at 5.01 GHz. The sources 3C 120 (usually) and 3C 345 (always) appear as double radio sources 
whose components are separating along constant position angles. Assuming their redshifts are 
cosmological, the apparent transverse velocities of separation are vjc = 6.7 ±0.8 beginning 
in 1966.3 ± 0.3 yr for 3C 345 and, for 3C 120, v/c = 4.1 ± 0.4 beginning in 1972.4 ± 0.5 yr 
and continuing into 1974, then v/c — 8.5 ± 0.9 beginning in 1974.4 ± 0.2 yr and continuing 
until mid-1976. No models of 3C 273 are derived, but evidence for superluminal expansion 
is presented, showing v/c = 5.2 ± 0.5 beginning in 1967.6 ± 0.4 yr. Visibility functions of 
3C 279 have changed very little over the period 1976.39-1977.41. 
Subject headings: quasars — radio sources: variable 

I. INTRODUCTION 

Brightness distributions of some compact radio 
sources have varied so rapidly that their internal 
motions appear superluminal (velocities exceeding 
that of light) if the redshifts of the sources are of 
cosmological origin. The case for superluminal ex- 
pansions within the sources 3C 120, 3C 273, 3C 279, 
and 3C 345 as of early 1976 has been reviewed by 
Cohen et al (1977, hereafter Paper I). 

The present paper extends the time base for these 
same four sources. We report on six very long baseline 
interferometry (VLBI) measurements made between 
1975.40 and 1977.13 at a frequency of 10,650 MHz 
and on measurements made in 1976.52 and 1977.41 at 
5010 MHz. The angular extents from a few of these 
observations have already been reported in Paper I, 
but this is the first presentation of the data from which 
these extents were determined. 

The goal of these observations was to study changes 
in source structure if any occurred. We therefore 
sought to eliminate variations in data acquisition, 
processing, calibration, and interpretation by standard- 
izing our procedures for handling each. In particular, 
we used the same trio of telescopes for every observa- 
tion: the 40 m telescope of the Owens Valley Radio 
Observatory (OVRO), the 26 m telescope of the 
Harvard Radio Astronomy Station (HRAS), and the 
43 m telescope of the National Radio Astronomy 
Observatory (NRAO)1; to these were added the 46 m 

♦Present address: Netherlands Foundation for Radio 
Astronomy, Radiosterrenwacht, Dwingeloo, The Netherlands. 

1 Operated by Associated Universities, Inc., under contract 
with the National Science Foundation. 

telescope of the Algonquin Radio Observatory (ARO) 
for the 1975.40, 10,650 MHz observations and the 
100 m telescope of the Max-Planck-Institut für 
Radioastronomie (MPIR) for the 1976.52, 5010 MHz 
observations. 

Data from the last five epochs were all processed on 
the CIT-JPL VLBI processor. The first three epochs 
employed the NRAO processor. So far as possible, 
identical calibration techniques were applied to convert 
the raw processed data into visibility amplitudes. 
Finally, with but one exception, we used the same 
computer program to derive source models. 

The result should be a higher internal consistency, 
permitting more valid comparisons between epochs, 
than in previous discussions of these radio sources. 

II. OBSERVATIONS AND DATA REDUCTION 

The VLBI technique has been discussed by Cohen 
et al (1975, hereafter Paper II). Relevant baseline 
components and typical telescope parameters are 
presented there. 

A detailed schedule of our observing sessions is 
presented in Table 1. For all 10,650 MHz observa- 
tions, the telescopes accepted left circular polarization 
from the sky. At 5010 MHz the feeds were linearly 
polarized in position angle 90°. 

Data were recorded with the NRAO Mark II 
system (Clark 1973 and Moran 1976) using a band- 
width of 2 MHz. Coherent integrations over periods 
from 30 seconds to 2 minutes were performed and then 
averaged incoherently over 8-minute intervals to 
produce correlation coeificients as functions of inter- 
ferometer hour angle (IHA). Calibration of the 
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TABLE 1 
Observing Log 

Frequency 
Epoch (MHz) Stations* 

1975.40   10650 FOGA 
1976.14  10650 FOG 
1976.38  10650 FOG 
1976.52  5010 FOGB 
1976.56  10650 FOG 
1976.73  10650 FOG 
1977.13  10650 FOG 
1977.41   5010 FOG 

* F = Fort Davis (HRAS). O = Big Pine 
(OVRO). G = Green Bank (NRAO). 
A = Algonquin Park (ARO). B = Bonn 
(MPIR). 

correlation coefficients followed the procedure out- 
lined in Paper II. The final working data are therefore 
sets of correlated flux densities as functions of IHA 
for the various baselines, or, equivalently, as functions 
of U and F, the orthogonal components of the pro- 
jected interferometer baselines in wavelengths. 

HI. RESULTS 
The calibrated data are presented in Figures 1-4 

for 3C 345, 5-8 for 3C 120, 9-11 for 3C 273, and 12 for 
3C 279. Each vertical line has a length of 2 standard 
deviations and is centered on the correlated flux 
density measured at the given IHA. The smooth 
curves through these lines represent correlated flux 
densities calculated for the models whose parameters 
are summarized in Tables 2-5. 

1975.40 3C345 10650 MHz 

Fig. 1.—Correlated flux density versus interferometer hour angle (IHA) for 3C 345 as observed in 1975.40 at frequency 10,650 
MHz over four baselines. Measurements are represented by 2 <r error bars, while the model brightness distribution with parameters 
listed in Table 2 yields the curves shown. 
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1976.52 3C345 5010 MHz 1977.41 3C345 5010 MHz 

Fig. 4.—Correlated flux density versus IHA for 3C 345 as observed in 1976.52 {left) and 1977.41 {right) at 5010 MHz over three 
baselines. See Table 3 for the parameters of the best-fit models {solid curves). 

TABLE 2 
3C 345* (10,650 MHz) 

Stronger Component Weaker Component 

Stott rf 0 Si Ox <I>1 S2 <*2 <¡>2 
Epoch (Jy) (Si + S2)/St0t (mas) (deg) (Jy) (mas) ei (deg) (Jy) (mas) e2 (deg) 

1975.40  9.07 0.79 1.49 104.6 3.57 0.6 0.8 106 3.55 0.8 0.8 106 
1976.14§  8.65 0.91 1.59 102.8 4.04 1.1 0.4 114 3.80 0.4 1.0 105 
1976.38  8.89 0.80 1.71 103.5 3.92 1.2 1.0 13 3.22 1.3 0.6 161 
1976.56  8.84 0.84 1.82 105.9 4.51 1.0 0.8 140 2.91 1.4 0.4 157 
1976.73  8.43 1.04 1.69 100.7 5.01 1.2 0.9 139 3.76 0.7 0.6 72 
1977.13  8.16 1.04 1.89 100.9 6.37 0.8 0.9 106 2.12 0.8 0.8 106 

* The fits of these models to the data are displayed in Figs. 1-3. 
t From Algonquin Radio Observatory; communicated in advance of publication by J. M. MacLeod on behalf of the group at the 

National Research Council of Canada, 
t 1 mas = 0''001. 
§ Model calculated by K. I. Kellermann et al, using NRAO model-fitting program. 
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1975.40 3CI20 10650 MHz 

Fig. 5.—Correlated flux density versus interferometer hour angle (IHA) for 3C 120 as observed in 1975.40 at frequency 10,650 
MHz over five baselines. Measurements are displayed as 2 a error bars, while the model brightness distribution whose parameters 
are listed in Table 4 yields the curves shown. 

TABLE 3 
3C 345* (5010 MHz) 

Stronger Component Weaker Component 
Stot r 0 Cl <I>1 S2 C 2 ^2 

Epoch (Jy) (Si + S2)IStol (mas) (deg) Si (mas) fi (deg) (Jy) (mas) «2 (deg) 

1976.52....... 9.1 0.90 1.50 102.7 5.85 1.3 0.5 118 2.31 0.8 0.6 130 
1977.41   8.2 0.86 1.82 104.6 3.96 1.0 0.8 121 3.10 1.0 0.7 118 

* The fits of these models to the data are displayed in Fig. 4. 
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Fig. 9.—Correlated flux density versus IHA for 3C 273 as observed in 1975.40 at frequency 10,650 MHz over four baselines. 
Measurements are displayed as 2 a error bars. No model fit has been attempted. The vertical lines locate maxima (M, solid lines) 
and minima (m, dashed lines) of the visibility data, numbered outward from the origin of the (£/, V) plane. 

TABLE 4 
3C 120* (10,650 MHz) 

Stronger Component Weaker Component 

f & Si <f>i S2 02 $2 
Epoch (Jy) (Si + S2)/St0L (mas)t (deg) (Jy) (mas) €1 (deg) (Jy) (mas) c2 (deg) 

1975.40...... 11.3 0.75 2.84 63.4 4.79 1.0 0.9 67 3.72 1.1 1.0 67 
1976.13  8.2 0.64 5.53 71.2 3.50 0.8 1.0 70 1.71 0.9 1.0 70 
1976.38  7.1 0.60 6.02 65.5 3.04 2.3 0.4 62 1.24 0.7 0.8 65 
1976.56  6.88 0.72 7.29 65.9 3.97 1.9 0.7 65 0.99 0.6 0.8 65 
1976.73  7.14 0.65 7.03 71 triple s o u r c e s§ 
1977.1311  6.84 0.84 2.76 67.5 3.26 1.6 0.6 65 2.48 1.3 0.6 65 

* The fits of these models to the data are displayed in Figs. 5-7. 
f From Algonquin Radio Observatory; communicated in advance of publication by J. M. MacLeod on behalf of the group at 

the National Research Council of Canada. 
Î 1 mas = 0"001. 
§ Central component 3.22 Jy. Size 0.7 mas. Stronger outer component 1.10 Jy at 1.50 mas in PA 258° (78°). Size ~ 0.7 mas. 

Weaker outer component 0.34 Jy at 5.53 mas in PA 69° (249°). Size ~0.1 mas. 
II Model based on NRAO-OVRO baseline only. 
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TABLE 5 
3C 120* (5010 MHz) 

*Stot r & Si Sz 
Epoch (Jy) (*Si + Sy/Stot (mas) (deg) (Jy) (Jy) 

1976.52t. . . . 8.0 0.64 4.32 66.7t 3.76 1.34 
1977.41§  7.5 0.93 5.24 68.4 4.38 1.30 

* The fits of these models to the data are displayed in Fig. 8. 
t Model based on NRAO-HRAS baseline only. 
t Position angle fixed at this value. 
§ In addition, there is a 1.32 Jy “halo,” 5.5 x 4.3 mas, elongated in position angle 

59°; relative location poorly determined. 

In these tables, which refer to 3C 120 and 3C 345, 
the subscript 1 (2) refers to the stronger (weaker) of 
the two components. This does not imply that the 
same component in the sky—say, for example, the 
eastern—is always the stronger or always the weaker. 
The separation of components when a double, and of 
the outer components when a collinear triple, is r 
(milli-arcseconds). The position angle of the line of 
separation is 6 (degrees). Flux densities are labeled S 
(janskys), with 5tot being the integrated flux density 
of the source. Additional parameters of individual 
components are their Gaussian half-power widths a 
(milli-arcseconds) along their directions of maximum 
extent in position angle </> (degrees), and the ratios e 
of their minor-to-major axes. 

For 3C 273 and 3C 279 no models are calculated. 
For the former source, however, we present in Table 6 
the distance in millions of wavelengths, measured 
along position angle 55?4, from the origin to the first 
(slin) and the second (^m) minima in the visibility 
function, and to the first maximum (s1M) (cf. Fig. 15). 
We also present (25,

lm)_1 in milli-arcseconds as a 
measure of overall source extent. 

Detailed discussion of the individual sources appears 
in § V. 

IV. UNCERTAINTIES 

In the absence of phase information, model fitting 
is the customary means of determining source struc- 
ture. This technique can only determine the optimum 
parameters of the model selected initially; it cannot 
uniquely dictate which initial model to select. This 
becomes particularly bothersome when, as in the case 
of 3C 120, a sizable fraction of the total flux is in 
structure too extended to be detected by our VLBI 
measurements. We have consistently chosen the 
simplest model which adequately fits the data: in 
cases where maxima and minima are equally spaced 
in the transform plane, this has been a double; where 
unequally spaced, a triple. When all correlated flux 
densities are only a small fraction of the total flux 
density, as in 3C 273, no detailed model is attempted. 

The latitude of possible models is narrowed as the 
number of interferometer baselines increases. For this 
reason we expect the models of 3C 345 at epochs 
1975.40 (10,650 MHz) and 1976.52 (5010 MHz) to be 
superior to the others. Conversely, when data from a 
single baseline only are available, the model may have 
little validity. This occurs for 3C 120 at 1976.52 
(5010 MHz) and 1977.13 (10,650 MHz). 

TABLE 6 
3C 273 

Slin S±m S2m (2 Jim) 1 

Epoch (106A) (106A) (106A) (mas) 

10,650 MHz 

1972.33*  59.2 ± 4.2 82.2 ± 2.9 ... 1.74 ± 0.24 
1972.82*  49.6 ± 3.1 65.1 ± 0.4 85.3 ± 4.0 2.08 ± 0.26 
1973.21*.... 46.1 ± 2.4 61.9 ±0.7 ... 2.24 ± 0.23 
1974.5t  38.2 ± 2.5 58.4 ± 0.5 ... 2.70 ± 0.35 
1975.40  27.8 ± 3.2 47.5 ± 3.4 79.2 ± 3.5 3.71 ± 0.84 
1976.38  25.0 ±1.1 ... ... 4.13 ± 0.36 
1976.56  Highly Resolved 
1977.13  ... 33,5 ± 5.0 65.0 ±2.1 ... 

5010 MHz 

1976.52  28.1 ± 1.2 42.1 ± 0.8 ... 3.67 ± 0.16 
1977.41  29.0 ± 1.7 39.1 ±2.6 ... 3.56 ± 0.21 

* Data from Schilizzi et al. 1975. 
t Data from Kellermann et al. 1977. 
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a A further well-known difficulty with model fitting 
^ is the interaction between parameters. For example, 
S the relative flux densities of Gaussian components and 

their dimensions are usually strongly correlated in any 
fitting procedure. Formal errors do not well represent 
these and other correlations. 

Estimates of typical errors for the parameters of 
3C 120 and 3C 345 are as follows: (1) the component 
separation r is typically determined to ±0.16 milli- 
arcseconds; (2) the position angle 6 of the major axis 
to ± 3?5 ; (3) the sum of the two components (Si + S2) 
is accurate to perhaps ± 10%, but the individual flux 
densities Si and S2 are less well determined, to ±15 
or 20%, ; (4) the size, shape, and orientation parameters 
(a, €, (/>) of individual components are especially un- 
reliable. They reveal at most only that the individual 
components are not point sources, that they are 
probably not circular in outline, and that they may 
not be aligned along the major axes of the sources. 
More explicit information should not be inferred. 

V. INDIVIDUAL SOURCES 

ä) 3C 345 

Of the four sources, we have greatest confidence in 
our models of 3C 345, primarily because a very large 
fraction of the total flux density can be accounted for 
by two Gaussian components. Furthermore, since the 
time scale for significant change appears long com- 
pared with our sampling interval, we can reliably 
connect successive epochs to study evolutionary 
behavior. 

During the 2 year interval of the present study, the 
minima of the visibility function moved systematically 

closer to the origin in the (U, V) plane. We interpret 
this as a continuation of the increase in angular 
separation of the two components summarized in 
Paper I. Figure 13 duplicates most of the points from 
Figure 1 of Paper I and includes the eight points from 
Tables 2 and 3. The parameters of the expansion 
change insignificantly from the previously published 
values. We find from a least-squares fit of an assumed 
linear expansion, using all the data of Figure 13 regard- 
less of frequency, that = (0.16 ± 0.01)milli-arcsec 
yr-1 beginning from zero separation in 1966.3 ± 0.3. 
The corresponding apparent velocity of separa- 
tion is v/c = 6.7 ± 0.4 for H0 = SSkms"1 Mpc"1, 
q0 = 0.05, and z = 0.595. Our choice of a straight- 
line fit has no theoretical basis. The observations, 
however, do not demand a more complicated de- 
pendence. Some theories (e.g., Marscher 1978) pre- 
dict a nonlinear relationship between separation and 
time. 

The linearly extrapolated time of zero component 
separation, 1966.3, approximately coincides with a 
significant increase in total flux density (Paper I and 
Medd et al 1972). 

The component separation appears independent of 
frequency to within the measurement accuracy over 
the modest range of frequencies for which data are 
available. However, the component flux densities 
are frequency-dependent (cf. Tables 2 and 3). The 
components apparently have different and time- 
variable spectral indices. This has certainly been true 
at earlier epochs. For example, Shaffer et al (1977) 
found different spectra for the two components 
in 1974.5. Furthermore, the relative 10.65 GHz 
flux densities of the individual components vary 

Fig. 13.—The angular separation of the two components of 3C 345 as a function of epoch. Eight values of r from Tables 2 and 3 
are plotted. References to the other data points can be found in Paper I. The line is a least-squares fit to the points shown (see text 
for details). 
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systematically from near equality in 1975.40 to signifi- 
cant inequality in 1977.13, while at 5 GHz the trend 
is in the opposite sense. The total flux density, on the 
other hand, changes only slightly during the same 
interval at both frequencies. Evidently individual com- 
ponents may evolve more rapidly than expected from 
the time scales for variations in total flux density. 

Shaffer et al. (1977) have discussed 3C 345 at epoch 
1974.5 in terms of three spectral features, two of 
which are seen only at short wavelengths because they 
have standard synchrotron self-absorbed spectra. 
(See especially Fig. 4 of Shaffer ef al.) The behavior 
described above, where the flux ratio has the opposite 
trend at the two frequencies, has a simple explanation 
in this model. Components A and B both evolve in the 
standard way, with their self-absorption peaks moving 
to lower frequencies. At 5 GHz in 1974.5 A was 
optically thin and B was optically thick; these evolved 
through 1977 when B also became optically thin. 
During this interval A became weaker and B stronger; 
they were nearly equal in 1977.41. At 10 GHz, 
component A was optically thin in 1974.5 and B was 
near the peak of its spectrum; the two had nearly equal 
flux densities. Evolution carried both of them well into 
the optically thin regime where they have unequal flux 
because their spectral indices are different, or because 
one is intrinsically stronger than the other. 

This picture would be greatly strengthened if phase 
information were available and the component 
ambiguity eliminated; we could then identify the 
“weaker” and “stronger” components (Tables 2 and 
3) at every epoch. 

b) 3C 120 

The source 3C 120 is by far the most rapidly vari- 
able of the four sources in both flux density (e.g., 
Medd et al. 1972) and structure (Paper I). Outbursts 
of flux density occur so frequently that a few com- 
ponents may exist simultaneously (Seielstad 1974; 
Aller, Olsen, and Aller 1976). The evolution of 
individual events is therefore confused. 

As for all previous observations (Paper I and 
references therein), regardless of wavelength, the 
major axis of the brightness distribution is always 
within a few degrees of 65°. The mean of the measure- 
ments in Tables 4 and 5 is 67?6. 

At most epochs double-source models adequately 
account for the 60-90% of the flux density which has 
milli-arcsecond structure. The remainder of the 
radiation presumably occurs on a scale > 0.01 arcsec. 
Occasionally, as in 1976.73 at 10,650 MHz and in 
1977.41 at 5010 MHz the source is more complicated 
than a double. We have used triple-source models at 
these epochs, although four-component models are 
possible also. 

After late 1976 the source appears smaller than 
immediately before. Similar transitions occurred in 
early 1972 and in mid-1974 (Paper I). These epochs 
may coincide with the beginnings of superluminal 
expansion phases. The total flux density record indeed 
shows major increases in early 1972 and late 1974 

(Dent and Kapitzky 1976) and a small increase in 
mid-1976 (Dent 1977, private communication; Aller 
1977, private communications). 

The record of angular separations is presented in 
Figure 14. We have plotted the separation r for all 
epochs except 1976.73, where we represented the 
central component by the upper limit at 0.7 mas2 and 
the outer pair by their separation at 7.0 mas. For 
the two suggested expansions, we find angular rates 
of 1.51 ± 0.13 and 3.12 ± 0.34 mas yr_1, beginning 
in 1972.4 ± 0.5 and in 1974.4 ± 0.2, respectively. The 
corresponding apparent velocities of separation, for 
z = 0.033, are vjc = 4.1 ± 0.4 and 8.5 ± 0.9. Data 
at all wavelengths have been used, since the separa- 
tions agree to within the uncertainties. The most 
deviant point, from 1976.52 at 5010 MHz, is based 
primarily on a single minimum observed on a single 
baseline, and cannot therefore be considered in 
serious conflict, especially since a double model may 
seriously underestimate the complexity of the bright- 
ness distribution. The data are insufficient as yet to 
determine the apparent speed of a third expansion 
which may have begun in late 1976. Each of the ex- 
pansion phases occur along the same position angle. 

Lynden-Bell (1977) has suggested that throughout 
the entire period from early 1972 until 1975 only a 
single pair of components is separating about their 
common origin. The strengths of the several com- 
ponents fluctuate irregularly, so that at various times 
one sees (1) the two outer components, (2) the ap- 
proaching component and the source at the origin, 
with the receding component temporarily weak, or 
(3) all three components simultaneously. Specific 
predictions were that the 3.8 cm flux density would be 
low at 1976.1 and that separations after 1976.1 would 
fall on the extrapolated dotted line of Figure 14. The 
former prediction is confirmed (Dent 1977, private 
communication), while the latter cannot be seriously 
challenged by our data through at least mid-1976. 
Later, the angular extent of the source decreased 
again, which, on the Lynden-Bell hypothesis, would 
require another simultaneous fading of the receding 
component and flaring of the central object. How 
many like occurrences can be reasonably permitted, 
we leave for others to judge. Particularly perplexing 
is how a receding component can be roughly com- 
parable in flux density to an approaching one for 
some time, then disappear (or at least be overwhelmed 
by the briefly active central object), then reappear at 
again a flux density comparable to that of its original 
partner. 

c) 3C 273 

Because of its low declination (S ä 2°) and compli- 
cated brightness distribution, models of the structure 
of 3C 273 have been ambiguous. For example, Legg 
et al. (1977) propose different models from those of 
Schilizzi et al. (1975) even when considering the same 
data. Consequently questions such as the number of 
source components, whether or not they are collinear, 

2 1 mas = 0''001 = 1 milliarcsecond. 
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EPOCH 
Fig. 14.—Angular separation of the outer components of 3C 120 as a function of epoch. Eight of the points are from Tables 

4 and 5. References to the others can be found in Paper I. In 1976.73, an upper limit to the size of a third central component is 
also shown. The solid lines represent least-squares fits of the data to two phases of expansion (see text for details). The dashed line 
is the suggestion of Lynden-Bell (1977) for a single expansion phase. 

and whether they move or are stationary have not been 
settled. Nor can the data displayed in Figures 9-11 
hope to resolve all these ambiguities. The source is 
heavily resolved even on the short baselines, leaving 
the major structural details almost unobserved. 
Furthermore, the extrema are not pronounced. We 
therefore do not produce model brightness distri- 
butions for 3C 273. Instead we adopt the procedure 
used in Paper I of estimating source angular extent 
from the “wavelength” of the oscillations in visibility 
function. Long-wavelength oscillations in the (U, V) 
plane imply small angular sizes; short-wavelength 
oscillations, large sizes. 

Specifically, we locate the minima (m) and the 
maxima (M) of the visibility curves at each epoch 
(Figs. 9-11). These extrema are then plotted on the 
(U, V) plane (Fig. 15). The so-called zeroth maximum, 
the one passing through the origin, occurs at the 
same IHA on the OYRO-HRAS baseline at every 
epoch (therefore the same U and F). It established an 
unchanging position angle for the major axis of 
55° ± 3°. This differs slightly from previous estimates 
in the range 60o-68° (Cohen et al. 1971; Schilizzi 
et al. 1975; Kellermann et al. 1977). We do not con- 
sider the difference significant. It results from the 
highly flattened (Í/, F)-ellipses traced for low- 
declination sources and the noncollinearity of struc- 
ture. The other three extrema—the first minimum 
(1m), first maximum(lM), and second minimum 
(2m)—all move systematically nearer the origin as 
time increases from 1972.33 to 1977.13. We interpret 
this change as an expansion of overall angular extent 
along position angle 55°. 

As in Paper I, we adopt (25'im)“1 as a measure of 
overall angular size; this size is tabulated in Table 6 
and plotted, together with other determinations, in 
Figure 16. The best linear fit to all these data has a 
slope 0.41 ± 0.04 mas yr-1, corresponding for z = 
0.158 to ü/c = 5.2 ± 0.5. The epoch of zero separation 
was 1967.6 ± 0.4 yr, near the beginning of a major 
increase in the source’s flux density (e.g., Medd et al. 
1972). 

From Figures 15 and 16 and from Table 6 we also 
note the following: (i) The overall angular size of 
3C 273 is independent of wavelength over the range 
from 2.8 to 6.0 cm. (ii) The extrema are not equally 
spaced. The source is therefore not a simple double, 
(iii) Separations between adjacent maxima and minima 
vary with epoch, implying that the brightness distri- 
bution does not change in a conformal way; i.e., 
brightness distributions at different epochs cannot be 
simply related by an angular scale factor. 

d) 3C279 

We have far too few data on 3C 279 to derive its 
structure. However, we have no evidence for major 
changes in its brightness distribution since 1976.4 (cf. 
Fig. 12), although we sample infrequently. This is 
surprising in view of the earlier history of the source 
(Paper I), and doubly so because a large outburst in 
7.9 GHz flux density began ca. 1975.5 and peaked ca. 
1976.8 (Dent 1977, private communication). Many 
more data are necessary to confirm the superluminal 
nature of this source. 
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Fig. 16.—Angular size of 3C 273 as a function of epoch. The size is defined as (21yim)“1, where is the distance in wavelengths 
from the origin of the (C/, V) plane to the first minimum of the visibility data (cf. Fig. 15). Six points are from Table 6. References 
to the others can be found in Paper I. The solid line represents a least-squares fit of all the data shown. 

VI. DISCUSSION 

Several theories have been proposed to account for 
superluminal motions (general categories are reviewed 
by Blandford, McKee, and Rees 1977). As yet, the 
brightness distribution data are not precise enough, 
nor the sample large enough, to critically test any of 
these theories. Conversely, the paucity of data has 
permitted theories to avoid specifics. 

The proposal of Epstein and Geller (1977) is the 
one most seriously threatened by the data, since it 
predicts that the observed component separation 
depends upon frequency. If superluminal sources are 
common (see Paper I for a probability discussion), 
then radio-emitting objects ejected relativistically in 
opposite directions (Ozernoy and Sazonov 1969) are 
unlikely explanations, since they require special 
geometries of source and observer. Signals scattered, 
reflected, or generated in a stationary medium sur- 
rounding the active central object are more likely. 
Proposals requiring isotropically ejected components, 
of which only the few which are moving nearly along 
the line of sight are seen (by virtue of enhancement by 
relativistic beaming), founder on the constancy of 
position angle seen in successive outbursts. Multiple 
components following each other down the same 

approaching direction are still possible, resembling 
the optical jets within some galaxies. 
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