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ABSTRACT 
Seventy-eight non-thermal radio sources of small angular size, many of which have been identified 

with quasi-stellar objects, have been observed at wavelengths of 40 and 22 cm and the results have been 
compared with similar observations made three years earlier. Nine sources, 3C 120, 273, 279, 345, 418, 
and 454.3 and NRAO 140, 190, and 530, showed significant changes in their flux density at one or both 
wavelengths. The variations in 3C 84, 3C 273, and 3C 279 have been studied in detail at 2, 6, 11, 22 and 
40 cm. 

The observed changes in the radio spectra of these sources suggest the presence of very small com- 
ponents that are optically thick at cm wavelengths and have ages of only about 10 years. The energy 
requirements for 3C 84 and 3C 279 are discussed, and it is shown that in the case of 3C 279, if the radia- 
tion is due to synchrotron emission, the cosmological interpretation of the redshift requires the repeated 
production of more than 3 X 1058 ergs of relativistic electrons in times of 10 years or less. 

I. INTRODUCTION 

Between 1962.8 and 1963.9, the flux densities of all sources in the 3C and Revised 3C 
catalogues were measured at wavelengths of 40 and 22 cm with the NRAO 300-foot 
transit telescope (Pauliny-Toth, Wade, and Heeschen 1966). In February and March, 
1966, these observations were repeated for seventy-eight sources which had either been 
identified with quasi-stellar objects or were known to have small angular diameters, in 
order to determine what proportion of these radio sources showed variations in their 
flux densities at these wavelengths. Significant changes were found in nine of these 
sources. 

For the sources 3C 84, 3C 273, and 3C 279, which Dent (1965a, b) has reported to be 
variable at centimeter wavelengths, we have used observations made by us at 11 cm in 
September, 1965, at 6 cm in August, 1965, and February, 1966, and at 2 cm in October, 
1965, and February-March, 1966, to derive the variations in the radio spectra. In addi- 
tion, we have used the results of earlier observations at the NRAO (Heeschen 1961; 
Baars, Mezger, and Wendker 1965) as well as those of Dent (1965a, 6), those of Maltby 
and Moffet (1965), and unpublished observations made at Parkes. 

II. THE OBSERVATIONS 

a) Results of the Measurements at 40 and 22 Cm 

The calibration of the flux-density scales for the present observations was made in 
the same way as for the earlier measurements (Pauliny-Toth et al. 1966). 3C 273 was 
excluded from the list of standard sources, and allowance was made for a small change 
in one of the frequencies of observation (1414 MHz instead of 1400 MHz). At each fre- 
quency the mean difference in flux density measured at the two epochs was less than 
1 per cent and the rms dispersion, o-, was about 4 per cent. For seven sources, 3C 120, 
273, 279, 418, NRAO 140, 190, and 530, the differences at 20 cm were more than 3<r. 
In addition 3C 345 and 454.3 showed changes greater than 2<r. Large variations in the 
11-cm flux density of 3C 345 have been found by Bartlett (1965). 

At 40 cm, 3C 120 and NRAO 190 changed by more than 3(7. NRAO 140 and 530 

* Operated by Associated Universities, Inc., under contract with the National Science Foundation. 
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showed smaller but perhaps significant changes at this frequency. No variation was 
observed at either wavelength in 3C 84. 

The observed flux densities for these sources and their changes are given in Table 1, 
with the exception of 3C 273 and 279, which are dealt with in more detail later. For 
sources that have been observed on more than one occasion during the earlier period, 
the percentage change quoted refers to the mean flux density over that period. 

b) Variations in the Spectra of 3C 84, 3C 273, and 3C 279 

In Figures 1-3 we have plotted the measured flux densities of 3C 84, 3C 273, and 3C 
279 against the epoch of observation. For simplicity, we have combined the observations 

TABLE 1 

Flux Densities at Various Epochs of Sources for Which a Significant Difference Was 
Found between Flux Density Measured in 1966.1 and That 

Measured in Earlier Period 

Source 

3C 120 
3C 345 
3C418 . 
3C 454 3. 
NRAO 140 
NRAO 190 
NRAO 530 

3C 120 
NRAO 140 
NRAO 190 
NRAO 530 

Epoch 

1962 8 1962 9 1963 2 1963 4 1963 8 1966 1 

Flux Densities at 22 Cm* 

5 6 + 0 3 

12 4+ 3 

2 4 + 0 3 

11 9 + 0 2 

6 7 + 0 2 

12 Ó+ 3 
3 9 + 0 2 

6 0 + 0 
5 4 + 

12 1 + 
3 7 + 

6 0 + 0 2 

5 + 0 
0 + 
5 + 
8 + 
3+ . 
7 + 
9 + 0 

Flux Densities at 40 Cm 

5 5 + 0 1 

1 4 + 0 2 
3 9 + 0 3 4 4 + 0 3 

6 7±0 2 

4 1 + 0 2 
3 7+2 
1 9+ 2 
6 2 + 0 3 

Change 
(Per Cent) 

-38+ 5 
+ 10+ 5 
+20+ 6 
-11+ 2 
-13+ 7 
+54 + 23 
-18+ 6 

-25+ 4 
-11+ 7 
+36 + 24 
-8+5 

* The flux densities quoted are in flux units: 1 flux unit = 10~26 w m-2 Hz-1 At 22 cm they refer to a north-south polariza- 
tion and at 40 cm to an east-west polarization 

of Dent (1965a, Z>) at 1.8 cm with our observations at 2 cm. Since all three sources have 
spectral indices of nearly zero at this wavelength, this procedure does not introduce any 
significant errors. 

In 3C 84 we have observed an increase of 5 flux units (35 per cent) per year during 
the past 2 years at 6 cm. No significant changes have occurred at 11 cm during the past 
5 years, at 22 cm during the past 4 years, or at 40 cm during the past 3 years. At 3.75 cm, 
Dent’s measurements (Dent 19655) and those of Heeschen (1961) indicate an increase of 
2.5 flux units per year over the last 6 years (corresponding to 13 per cent per year in 
1964.0). At 1.8 cm Dent (19655) has reported a slower rate of increase of about 1 flux 
unit per year (4 per cent) over the last 2 years. Our measurements at 2 cm show no 
change greater than 5 per cent between 1965.8 and 1966.1. Thus, in 3C 84 we observe a 
large rate of change at 6 cm, with lower rates of change at shorter wavelengths. 

The variations in the spectrum of 3C 273 are somewhat more complex. Here, we find 
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an increase of 1.9 flux units per year at 22 cm over the last 3 years, with a lower rate of 
increase previously, and an increase of 1.5 flux units per year at 11 cm over the last 4 
years. These values are in good agreement with those of Maltby and Moffet (1965). At 
40 cm we found no change over the last 4 years, consistent with the absence of any vari- 
ation reported by these authors at 31 cm. At 3.75 cm and 1.8 cm Dent (1965&) reported 
increases of 3.4 and 8.6 flux units per year, respectively, over the last 2 years. Our meas- 
urements at 2 cm in October, 1965, are consistent with the increase found by Dent. 

3C 84 

Fig. 1 —Measured flux densities for 3C 84 at 40, 22, 11, 6, 3 75, 2, and 18 cm The NRAO observa- 
tions are shown as solid circles. The letters note other observers as follows: Z), Dent (1965a, b); H, 
Heeschen (1961); BMW, Baars, Mezger, and Wendker (1965); CKL, Conway, Kellermann, and Long 
(1963); K, Kellermann (1964). 

However, by February 22, 1966, the flux density had increased to 51.8 flux units, com- 
pared with 41 flux units measured in October, 1965. The uncertainty in the relative flux 
densities is only a few per cent while the absolute scale may be in error by about 10 per 
cent. Between February 22 and March 24, 1966, when the observations ceased, the 
flux density continued to increase at a rate of 1.7 ± 0.5 flux units per week. A similar 
rapid increase in the flux density of 3C 273 at 2 cm has been noted by Allen (1966) and 
Dent (1966).1 There has been no change in the flux density at 6 cm, although at both 
longer and shorter wavelengths the flux density has been increasing during this period. 

Perhaps the most interesting of the variable sources is 3C 279, for which Dent (1965Z>) 
1 Note added in proof: Further observations made in June and August, 1966, show that at 2 cm the 

flux density of 3C 273 probably reached a maximum of about 70 flux units in July, 1966. 
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Fig. 2 —Measured flux densities for 3C 273 at 40, 22, 11, 6, 3 75, 2, and 1 8 cm. The NRAO observa- 
tions are shown as solid circles. The letters denote other observations as follows: D, Dent (1965a, b)\ H> 
Heeschen (1961); K, Kellermann (1964) or Kellermann, unpublished; M, Maltby and Moffet (1965). 
The error brackets include the uncertainty in the calibration of the flux-density scale. The uncertainty 
in the relative amplitudes from day to day is considerably less, so that the differences between the three 
points representing the start, middle, and end of the February-March period are significant. 
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had reported decreases at 1.8 and 3.75 cm, but for which we have observed an increase 
at 22 cm of 1 flux unit per year over the last 3 years. At 40 cm, we found no change 
from 1962.8 to 1966.1. At 11 cm the flux density has remained approximately constant 
during the past 2 years. Before 1964, there is evidence that the intensity was increasing, 
but there is some uncertainty about the accuracy of these early measurements. At 6 cm 
we have observed a decrease of 2.9 flux units in 1 year. At 3.75 and 1.8 cm, Dent has 
reported a decrease from 15.6 and 15.4 flux units, respectively, in 1964.0 (Dent and 
Haddock 1965) to 11 flux units at both frequencies in November, 1965 (Dent 1965Z>), 
a rate of decrease of about 2.3 flux units per year. However, a measurement made by 
the authors in October, 1965, gave a flux density of 8 ± 3 flux units (the error quoted 
is due to receiver noise and to the uncertainty in the calibration of the gain of the 
telescope). In February and March, 1966, the observations were repeated with im- 
proved equipment and the flux density on February 17 and 22, 1966, was found to be 
18 + 4 flux units, where the error is now largely the systematic error in the calibration 
of the telescope. 

3C 279 

Fig. 3.—Measured flux densities for 3C 279 at 40, 22, 11, 6, 3.75, 2, and 1.8 cm. The NRAO observa- 
tions are shown as solid circles. The letters denote other observers as follows: D, Dent (1965a, 6); K, 
Kellermann (1964) or Kellermann, unpublished. The error brackets include the uncertainty in the 
calibration of the flux-density scale. The uncertainty in the relative amplitudes from day to day is con- 
siderably less, so that the differences between the three points at 2 cm, representing the start, middle, 
and end of the February-March period, are significant. 
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There are difficulties in comparing the results of different observers owing to the 
different instruments and calibration techniques used. Taken at face value, however, 
the data indicate that the flux density of 3C 279 was decreasing at wavelengths near 2 
cm until the end of 1965, and that since that time it has increased by more than a factor 
of 2. 

At 2 cm these three sources, together with Virgo A, were observed frequently through- 
out the period February 17 to March 24, 1966. Figure 4 shows the individual antenna 
temperatures measured for each source. The estimated uncertainty in each observation 
is about 0.1° K. No significant change was found for 3C 84 or Virgo A over the 5-week 
period. The antenna temperature of 3C 279 increased by 0.20° ± 0.05° K, corresponding 
to 1.7 ± 0.5 flux units, during this time. For 3C 273 the antenna temperature increased, 
on the average, by 0.24° + 0.05° K per week and the flux density by 1.7 ± 0.5 flux units 
per week during this period. In addition, there were fluctuations in the antenna tempera- 
ture of 3C 273 with a period of several days and a peak-to-peak amplitude of about 9 
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Fig. 4.—Antenna temperatures for 3C 273, 3C 84, Virgo A, and 3C 279, measured during February 
and March, 1966, at 2 cm. 

per cent, which was greater than could be accounted for by experimental errors and also 
greater than the fluctuations observed for the other sources. 

in. DISCUSSION 

3C 273, 3C 279, 3C 345, and 3C 454.3 are identified with quasi-stellar objects all of 
which have shown significant variations in their optical luminosity. All four of these 
have components which are less than 3" at 2650 MHz (Clark and Hogg 1966). 3C 273, 
3C 279, and 3C 345 have redshifts of 0.158 (Schmidt 1963), 0.540 (Burbidge and Rosen- 
berg 1965), and 0.595 (Burbidge 1965), respectively. All three contain components with 
angular sizes of less than 0''1 (Barber, Donaldson, Miley, and Smith 1966) at 20 cm. At 
longer wavelengths, the over-all dimensions of 3C 273 and 3C 279 are about 20", com- 
parable with the extent of the jets. 

The source 3C 84, on the other hand, is coincident with the 13th magnitude Seyfert 
galaxy NGC 1275. At 20 cm, 3C 84 also contains a component with an angular size 
smaller than 0" 1 as well as a larger source which has a spectrum typical of radio galaxies 
and which dominates at meter wavelengths. The striking similarity in the radio and 
optical properties of the quasi-stellar sources and Seyfert galaxies has been emphasized 
by Shklovsky (1966) and others. 

An identification for 3C 120 with a galaxy has been given by Bolton (Day, Shimmins, 
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Ekers, and Cole 1966). Measurements with the NRAO interferometer at 2650 MHz 
(Clark, private communication) confirm the identification and show that the radio 
source is smaller than 3". The galaxy appears to have a faint diffuse envelope surround- 
ing a relatively bright nearly stellar nucleus. 

All the sources which have shown significant variations have either positive curvature 
in their radio spectra or positive spectral indices over a limited range of decimeter 
wavelengths. In at least 3C 84, 3C 279, and NRAO 190, the steep positive indices ex- 
clude pure synchrotron emission, which cannot increase faster than (frequency)173. Such 
indices suggest the presence of components that are optically thick even at centimeter 
wavelengths. These components must then be very small and probably quite young and, 
as Shklovsky (1965) has pointed out, we might expect their flux density to change in a 
period of a few years. 

It has been shown elsewhere that the form of the radio spectra of extragalactic 
sources can be readily explained if relativistic electrons which have an initial energy 
distribution N(E) = KE~y (where y = 1.5) are injected into a magnetic field in a series 
of bursts (Kellermann 1966). We consider a symmetrical source of synchrotron radiation, 
of linear extent l and at a distance R, with 7 = 1.5. At frequencies where the source is 
optically thick, the flux density follows from the expressions for the emissivity and ab- 
sorption coefficient given by LeRoux (1961). The flux density is given by 

5 ~ 10“3jB“1/202/2 5 flux units , (i) 
where 

I 
6 = 2.06 X 105 — sec of arc (2) 

is the angular diameter, B is the magnetic field in gauss, and / is the frequency in MHz. 
If we assume that the diameter of the source, / increases at a constant rate, so that 

l/h ^ t/to (3) 

and if the magnetic flux is conserved during the expansion (Shklovsky 1960) so that 

ï<iî » 

then equation (1) may be written 

5~10-35o-1/2e 0
2 /2 6 (¿)8. 

(4) 

(5) 

where the suffix zero denotes the values of the parameters at time tQ. 
Thus, the flux density of an expanding, optically thick source will increase at a rate 

proportional to the third power of the time. If the rate of change of flux density is dS/dt, 
then the age, t, is 

t = 3—J^rrr., (6) 

or we may obtain the age from 
dS/dt' 

(6a) 

where S and So are the flux densities at epochs t and to. 
At high frequencies, where the source is optically thin, the flux density will decrease 

according to the relation (Shklovsky 1960) 

S CC /-2d-2a) ^ (7) 

where a is the spectral index of the source at these frequencies. 
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In the optically thick region of the spectrum, equation (1) provides a simple relation 
between the magnetic field B and the angular diameter 6. An additional relation between 
B, the density of relativistic electrons ne, the linear extent of the source l along the line 
of sight, and the optical depth r at any frequency /, follows from the expression for the 
absorption coefficient given by LeRoux (1961). Taking 7 = 1.5 again, we may write 

r ~ lO11^774?-117 W , (8) 

where l is expressed in parsecs and ne in cm-3. If we assume that the electrons were in- 
jected in one burst at the beginning of the expansion, it follows from equation (3), (4), 
and (8), that the frequency at which the optical depth is unity varies approximately as 
t~\ 

Equations (1) and (8) may now be used to determine the density of relativistic elec- 
trons as a function of the magnetic-field strength. The total energy in these particles Ee 

can be obtained from 

= 4.7 x 1052 E*n°l er£s - (9) 

where E\ and E2 are the cutoff energies in the electron energy distribution. 
Table 2 gives the values of the angular diameter 6, the linear dimension Z, the density 

of relativistic electrons their half-life against synchrotron losses T1/2 (computed for 
electrons with a critical frequency of 15 GHz), the energy contained in the relativistic 
electrons Ee, and that in the magnetic field Em, for various values of i? for 3C 84 and 
3C 279. 

In 3C 84 there is some uncertainty in the spectral index of the low-frequency com- 
ponent because of the proximity of the source 3C 83.1. Nevertheless, the spectrum of 
the high-frequency component is consistent with that of a source which becomes op- 
tically thick near 8 GHz. For this source, we have taken the distance to be 54 Mpc 
(Matthews, Morgan, and Schmidt 1964), the cutoff frequencies as 10 MHz and 50 GHz, 
and 7 as 1.5. The optical depth has been taken as unity at 8 GHz and the flux density 
of the high-frequency component as 5 flux units at 4 GHz. 

For 3C 279 we have taken two cases: in the first case, we have assumed the distance 
to be 15 Mpc and in the second, we have taken the distance indicated by the redshift, 
of 1500 Mpc. In both cases, the cutoff frequencies and 7 were taken to be the same as 
for 3C 84. The frequency of unit optical depth was taken as 2.5 GHz and the flux of the 
high-frequency component as 2 flux units at 1 GHz. In both cases, the observed flux 
density, the corresponding frequency, and the frequency of unit optical depth were in- 
creased by the factor (1 + z) to correct for the redshift. In the cosmological case, this 
corresponds to a universe with = 1 where the observed angular size, 6', is 

0' = 0(1 + z)2 (io) 

and where 0 is given by equation (2), and R in equation (2) is the luminosity distance 
(McVittie 1965). 

The source with the simplest behavior is 3C 84. Figure 5 shows the radio spectrum at 
the epochs 1960.0, 1962.0, 1964.0, and 1966.0. From the observed flux densities of the 
high-frequency component at 4 GHz in 1966.0 and 1964.0 and equation (6a), we esti- 
mate the age of this component to be about 7 years. Even if the expansion occurs at the 
velocity of light, the linear diameter must be less than 5 pc, corresponding to an angular 
diameter of O''02 at a distance of 54 Mpc. This is less than the observed limit of 0''1 
(Barber et al. 1966). Table 2 shows that, if the half-life of the electrons is to be more 
than a few months, the diameter must be smaller than 1 pc. A similar conclusion is 
reached from the consideration that a velocity of expansion of the order of c would ob- 
literate the sharp cutoff in the high-frequency component, since different parts of the 
source would appear to be optically thick at different frequencies owing to the different 
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TABLE 2 

Conditions within the Sources 3C 84 and 3C 279 for 
Various Values of the Magnetic Field 

Source 

Ti/2 at 15 GHz 
0 (sec) 
1 (pc) . ... 
ne (cm 3) .. 
Ee (ergs) .. 
Em (ergs) . . 

Tift at 15 GHz 
6 (sec)   
/ (pc)   
tie (cm 3)  
Ee (ergs) . 
Em (ergs) . . 

X1/2 at 15 GHz 
0 (sec) . . . 
1 (pc) _ .. 
t!e (Cm 3) ... 
Ee (ergs) . .. 
Em (ergs) ... 

10~6 

2 7 X108 yr 
7 1X10"5 

1 8X10-2 
9 1X1011 

2 1X1060 

7 2X1036 

2.7 X108 yr 
1 9X10"4 

1 3X10-2 
1 7X1011 

1 5X1059 

2 8X1036 

2 7 X108 yr 
4 4X10-4 

1 3 
1 7X109 

1 5X1063 

2 8X1042 

B (gauss) 

10 -4 lo- 

se 84 

7X105 yr 
2 X10-4 

8X10-2 
1X107 

6X1066 

3X1042 

7X102 yr 
ixio-4 

8X10-1 

1X103 

1X1063 

2 X1047 

99 days 
2 2X10"3 

8X10-1 

IXIO"1 

6X1049 

3X1053 

3C 279 “Local” (15 Mpc Distant) 

7X105 yr 
9X10"4 

4 2X10-2 
7X107 

7X1056 

8 9X1041 

7X102 yr 
9X10"3 

3X10-1 
7X103 

5X1062 

8X1047 

99 days 
5 9X10-3 

4 2X10-1 

1 7 X10"1 

4 7 X1048 

8 9X1062 

3C 279 “Cosmological” (1500 Mpc Distant) 

7 X105 yr 
4X10“3 

2 
7X106 

7X1069 

8 9X1047 

,7X102 yr 
4X10-3 

1 3X101 

7X101 

5X1056 

8X1053 

99 days 
1.4X10-2 
4 2X101 

1 7X10-3 

4 7X1052 

8 9X1058 

io2 

4 hr 
IXIO"3 

8 
ixio-5 

IXIO46 

7.2X1068 

4 hr 
9X10-2 
3 
7X10-® 
5X1046 

8X1058 

4 hr 
4X10-2 
3X102 

7X10"7 

5 X1049 

8X1064 

Note: The effect of the redshift corrections applied to 3C 279 for a given value of B has been to multiply the source parame- 
ters by the factors below: 

3C 84 

Fig. 5.—Spectrum of 3C 84 at the epochs 1960.0, 1962.0, 1964.0, and 1966.0 
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Doppler shifts of their radiation. The total energy is a minimum for ^ ^ 0.16 gauss, 
when Ee~ Em ~ 1.6 X 1051 ergs, Z^0.35 pc, 10~3 sec, ^^40 cm~3, and the 
electron lifetime is about 4 years. 

In Figure 6 we show the spectrum of 3C 279 at the epochs 1962.0, 1964.0, and 1966.0. 
The thin dashed lines show the spectrum of the high-frequency component (component 
II), obtained by subtracting the extrapolated spectrum of the low-frequency component 
(component I) from the total flux densities observed. It can be seen that, over a limited 
frequency range, the spectral index of component II is near +2.5, which is the value ex- 
pected if the source is optically thick. The increase in flux density from 1962.0 to 1964.0 
is somewhat greater than from 1964.0 to 1966.0, which suggests that the rate of ex- 
pansion has decreased. 

3C 279 

tion into components I and II. 

Above 2.5 GHz, the flattening of the spectrum indicates that component II is be- 
coming optically thin. The flux density should then decrease with time according to 
equation (7). This is consistent with the decrease at 1.8 and 3.75 cm reported by Dent. 
However, the increase at 2 cm observed at the present time suggests that there is yet 
another expanding component (component III) that is still optically thick at 2 cm. The 
anomalously high flux density at 3.4 mm found by Epstein (1965a) in April-May, 1965, 
and its subsequent decrease (Epstein, private communication), support this suggestion. 
The observed rate of increase of the 2-cm flux density then indicates an age of about 2 
years for this component. If this interpretation is correct, then the continued expansion 
of component III will cause the flux density at progressively lower frequencies to in- 
crease until the dimensions become so large that the optical depth is less than unity. 
The flux will then decrease according to equation (7). Similarly, as component II con- 
tinues to expand, the flux density at 22 cm should reach a maximum and then begin to 
decrease. 

The flux densities of component II at 1 GHz in 1964.0 and 1966.0, with equation 
(6a) give an age of about 10 years for this component, which must therefore have a 
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¿ diameter smaller than 6.5 pc. If 3C 279 is at the distance of 1500 Mpc, as its redshift 
á indicates, then 6 < 2 X 10~3 sec, B< 5 X 10“4 gauss, ne> 6 X 103 cm”3, Em< 6 X 
^ 1049 ergs, and Ee > 3 X 1058 ergs. The cosmological interpretation of the redshift then 

requires the production of at least 3 X 1058 ergs in relativistic electrons, an energy which 
corresponds to that released by about 108 Type I supernovae, in a period of 10 years or 
less. Moreover, as was pointed out for 3C 84, the sharp cutoff in component II near 2 
GHz indicates an expansion velocity considerably smaller than c. For a velocity of 0.2 c, 
for example, the source parameters become: /< 1.3 pc, 0< 4 X 10-4 sec, B< 10~6 

gauss, ne> 2 X 109 cm-3, Ee > 1063 ergs, and Em< 3 X 1042 ergs. 
On the^bther hand, if 3C 279 is at a distance of only 15 Mpc, then from equations 

(1) and (2) the magnetic field may be increased by a factor of 108. The minimum energy 

3C273 

100 1000 10 000 
FREQUENCY-MHz 

Fig. 7.—Spectrum of 3C 273 for the epochs 1962.0,1964.0, and 1966.0. The points at 88 GHz and 300 
GHz are from Epstein (19655) and Low (1965). 

then occurs for I? ^ 0.1 gauss, with l ^ 0.2 pc, 0 ^ 0.003 sec, ne ^ 13 cm-3, and Ee ~ 
Em ^ 2 X 1050 ergs. The expansion velocity in this case is only 0.03 c. It may be noted 
that, if 3C 279 is at the same distance as 3C 84, their energy requirements are compa- 
rable. 

The spectrum of 3C 273, shown in Figure 7, has even more structure than that of 
3C 279. Here two peaks are seen, one near 20 cm (1500 MHz), and one near 6 cm (5000 
MHz), and a third is appearing at wavelengths near 2 cm (15000 MHz). Since there has 
been no change in the flux density of 3C 273 at 6 cm over the past year, during which 
time the flux density has been rising at both longer and shorter wavelengths, we suggest 
that the increases over the last 2 years below and above 6 cm represent two distinct 
components in the source. The high flux density of 300 ± 100 flux units observed by 
Low (1965) at 1 mm in January, 1965, indicates the presence of a third component. An 
increase in the flux density at 3.4 mm (Epstein 1965¿>) from 17+11 flux units in April, 
1965, to 60 ± 10 flux units in July, 1965, occurred while the flux density at 1 mm (Low 
1965) decreased to 22 ± 5 flux units in June, 1965. This behavior suggests that during 
the period January-July, 1965, this third component became optically thin at 1 mm 
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but remained opaque at 3.4 mm so that the intensity decreased at 1 mm while increasing 
at 3.4 mm. The expansion of this component has now presumably increased the 2-cm 
flux density to the level where the rate of increase is easily detectable over a period of 
a few weeks. Meanwhile Epstein (private communication) has observed a lower flux 
density at 3.4 mm than in July, 1965, which indicates that the source is now optically 
thin at this wavelength. The rate of change of flux density at 2 cm suggests an age of 
less than 2 years for this component. As in the case of 3C 279, continued expansion 
should cause the flux density to increase at progressively longer wavelengths. 

IV. CONCLUSIONS 

The complex spectra found in many of the variable sources, particularly 3C 273, sug- 
gest continuing activity in these sources that periodically produces an expanding cloud 
of relativistic particles in time scales ranging from a few days to a few years. Independent 
arguments based on the distribution of spectral indices also indicate repeated injections 
of particles in radio galaxies but on much longer time scales (Kellermann 1966). Thus, 
radio galaxies and quasi-stellar sources may differ only in the frequency of explosions. 

However, if synchrotron emission is indeed the radiation mechanism, the cosmological 
interpretation of the redshift seems to require prohibitively large amounts of energy to 
be repeatedly created in very short times. On the other hand, if the sources are relatively 
nearby, the energy requirements are greatly reduced. 

Another possibility is that the radio emission is not intrinsically variable and that 
the observed variations are due to absorption or amplification in the intervening inter- 
galactic, interstellar, or interplanetary medium. It is of interest to note that the 2-cm 
flux densities of 3C 273 and 3C 279, sources which are only 10° apart in the sky, both 
began to increase rapidly near the end of 1965. Further observations should decide 
whether this is merely a coincidence. If a real correlation exists, then the regions that 
cause the variations in the two sources are not more than a few light-months apart in 
space, and thus no further than a few light-years away. 

REFERENCES 

Allen, R. 1966, URSI, Spring Meeting, Washington, D.C., April 18-21. 
Baars, J. W. M., Mezger, P. G., and Wendker, H. 1965, Nature, 205, 488. 
Barber, D., Donaldson, W., Miley, G. K., and Smith, H. 1966, Nature, 209, 753. 
Bartlett, F. 1965, 120th A.A.S meeting, Berkeley, California, Dec. 27-30. 
Burbidge, E. M. 1965, Ap. /., 142, 1674. 
Burbidge, E. M., and Rosenberg, F. D. 1965, Ap. J., 142, 1673. 
Clark, B. G., and Hogg, D. E. 1966, Ap. J., 145, 21. 
Conway, R. G., Kellermann, K. I., and Long, J. R. 1963, M.N., 125, 261. 
Day, G. A., Shimmins, A. J., Ekers, R. D., and Cole, D. J. 1966, Australian J. Phys., 19, 35. 
Dent, W. A. 1965a, Science, 148, 1458. 
———. 1965&, Conference on Observational Aspects of Cosmology, Miami, Fla., Dec. 15-17. 
———. 1966, URSI, Spring Meeting, Washington, D.C., April 18-21. 
Dent, W. A., and Haddock, F. T. 1965, Nature, 205, 487. 
Epstein, E. 1965a, Ap. J., 142, 1282. 
 . 1965&, ibid., p. 1285. 
Heeschen, D. S. 1961, Ap. J., 133, 322. 
Kellermann, K. I. 1964, A.J., 69, 205. 
 . 1966, Ap. J., 146, 621. 
LeRoux, E. 1961, Ann. d’Ap., 24, 71. 
Low, F. J. 1965, Ap. J., 142, 1287. 
McVittie, G. C. 1965, Ap. J., 142, 1637. 
Maltby, P., and Moffet, A. T. 1965, Observations of the Owens Valley Radio Observatory, No. 8. 
Matthews, T. A., Morgan, W. W., and Schmidt, M. 1964, Ap. J., 140, 35. 
Pauliny-Toth, I. I. K., Wade, C. M., and Heeschen, D. S. 1966, Ap. J. Suppl., 13, 65 (No. 116). 
Schmidt, M. 1963, Nature, 197, 1040. 
Shklovsky, I. S. 1960, Astr. Zh., 37, 256. 
 -. 1965, Nature, 206, 176. 
 . 1966, Astr. Zh., 42, 893. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 


	Record in ADS

