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Abstract. — This is the second paper based on the 408 MHz monitoring program with the East-West arm of the
Bologna interferometer. The monitoring concerned 125 radio sources measured approximately once a month for 15
years. We present the summary of the variability analysis concerning all the sample and the monitoring data, not yet

published, of the variable sources.
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1. Introduction

This paper presents the results of a 15 years monitoring
program at 408 MHz to investigate the low frequency vari-
ability of extragalactic radio sources.

The observations started in 1975 with an initial sam-
ple of 50 radio sources, known or suspected to be low
frequency variable and known to be variable at frequen-
cies higher than ~ 1 GHz. In 1977 this sample was
implemented by adding: a) 19 low frequency variable
sources discovered by Cotton (1976a,b); b) a homoge-
nous sample of 32 small angular diameter radio sources
with diameter less than 1 arcsec, selected on the ba-
sis of scintillation studies (Cohen et al. 1967; Harris &
Hardebeck 1969); c) a homogeneous sample of 45 flat spec-
trum radio sources (a < 0.5 with S o« v~%) taken from
Veron et al. (1974). In 1982, 12 new objects (01064319,
0235+164, 0300+47, 0336—019, 0415437, 05284134,
0727-11, 0814+42, 08514202, 1308+32, 2121405, and
2128+048), known to be extremely variable at higher fre-
quencies (Aller, private communication), were added to
the monitored sample. These 12 radio sources were ob-
served only for 2.5 years. Finally, in 1984 2 radio sources
at low galactic latitude (0622+14 and 0629+10) were in-
cluded in the source list. The total number of monitored
radio sources was 125, some sources being in common with
different sub-samples.
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The data till March 1979 were published in Fanti et
al. (1981), hereafter referred as Paper I, and a multifre-
quency statistical analysis comprising light curves till 1983
was published in Padrielli et al. (1987). We present here
the final summary of the 408 MHz monitoring program.
All the data obtained in the period 1975-1990 are avail-
able in electronic form at the CDS via anonymous ftp at
130.79.128.5. These data, already been used in Spangler et
al. (1993) and Bondi et al. (1994) for statistical analysis
and interpretation of the refractive interstellar scintilla-
tion, could be useful to the astronomical community for
multifrequency analyses.

2. Observations and data reduction

The 408 MHz observations were done using the East-West
arm of the Northern Cross interferometer approximately
once a month till the end of 1984. Each observation con-
sisted of runs of 4-5 days, during which each source was
often observed more than once. Starting from 1985 the ob-
servations became more erratic, usually organized in runs
of 2-3 days every few months, and were also suspended
from the end of 1985 till 1988. The monitoring program
was definitively stopped in 1990.

The telescope output consists of three independent
beams, 5 arcmin apart in hour angle. Each beam has an
HPBW of 4’ x 100" arcmin.

The instrument stability was found to be better than
2% over a period of a few hours although it showed gain
drifts of ~ 2 — 6% over time interval of several hours.
Therefore, to determine the performances of the antenna,
a sample of calibration sources, spread over the entire sky,
were observed every one or two hours throughout each run.
Most of the calibrators are 3C sources listed within the
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B2 catalogue and their flux densities were redetermined
every 4-5 years as the average of the previous years flux
density measurements. The internal consistency of the flux
densities is believed to be better than 1%.

Since it is not our intention to measure absolute flux
densities of the radio sources, we only discuss the errors
affecting the internal consistency of the observations in
order to detect radio variability.

In Table 1 we give the list of the calibration sources
with the name of the source, an alias name, the average
flux density (S) in Jy, the rms scatter (0yms) of the flux
density measurements in Jy, and the number of observa-
tions (n). The data reduction has been performed in a way
which is similar to that of Paper I, with particular care
given to the noise evaluation and to the gain stability of
the antenna.

Table 1. Calibrator sources

Name S Oms n
0023—263 PKS 16.70 0.21 72
01234329 3C 41 777 0.12 66
01334206 3C 47 12.48 0.13 87
0316+413 3C 84 27.06 0.35 87
03454337 3C 93.1 6.24 0.10 55
0433+295 3C 123 118.76 0.99 70
04504314 3C 131 898 0.11 77
04594252 3C 133 13.57 0.21 43
0501+380 3C 134 34.88 0.26 88
0523+327 3C 141 734 0.12 39
0640+233 3C 165 700 0.07 76
0710+118 3C 175 863 0.11 87
08024243 3C 192 10.93 0.13 88
0915—118 HYD.A 129.92 191 72
10064077 3C 237 15.76 0.23 72
11424318 3C 265 9.76 0.11 89
11514295 4C 29.44 494 0.09 82
12514278 3C 277.3 6.64 0.09 67
1350+316 3C 293 9.74 0.11 82
1409+524 3C 295 50.89 0.60 86
15144072 3C 317 25.56 0.51 63
1626+396 3C 338 17.67 0.16 93
1828+487 3C 380 34.31 048 77
1842+455 3C 388 14.63 0.12 80
20184295 3C 410 23.15 0.22 77
21214248 3C 433 3286 0.39 79
23144038 3C 459 15.04 0.19 92
2348+643 3C 468.1 18.82 0.26 65

The sample of observed calibrators, uniformly spread
over the entire set of declinations and sideral time, allows
the determination for each run of:

1. the trend of the antenna gains as a function of time;
this is generally known with a 2% accuracy.

2. the variation of the antenna gain with declination,
which may differ from one run to another.

After the flux densities of the radio sources have been
corrected for the variations of the instrumental gain, which
depend on time and declination, it is possible to correctly
evaluate the residual percentage error due to calibration
(0%). At the same time, it is possible to estimate the noise
error in each run (o,), by direct comparison of the flux
densities measured by three indipendent beams. In such
a way, the flux error associated with each source of flux
density S can be defined as follows:

oc =4/02 + 0% 5? (1)

This error could be different from run to run and is a
reliable indicator of the quality of the observations. The
distribution of 0,, and oy, are shown in Fig. 1. The median
values are 0.07 Jy and 1.4% respectively .
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Fig. 1. Distribution of the noise error (o) and the percentage
error (o) over all the observing runs

The random changes of the dependence of the instru-
mental gain with the declination depend on the mechani-
cal distorsions of the mirror, different from period to pe-
riod.

Particular care was spent in the analysis of the in-
terplanetary scintillation, which may cause flux density
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fluctuations as large as 100% when the line of sight to a
radio source is close to the Sun. When the observed ra-
dio source was not far from the Sun and its flux density
was affected by interplanetary scintillation, the percentage
error applied to the flux measurements has been defined
as proportional to the measured scintillation percentage
(which is an upper limit for the error estimate), i.e.:

ASscin
— T fscin 9
7% 2SVN @

where N is the number of source measurements in the
run, ASsn the maximum flux density variation, and S
the average flux density measured in the run. In any case,
to all the sources within 30° from the Sun, we attributed
a percentage error never lower than 5%, even if no flux
density fluctuations were evident.

These lower quality measurements have not been used
in the variability analysis. For sources at an angular dis-
tance larger than 30° to the Sun, the flux density fluctua-
tion due to scintillation has been estimated to be generally
smaller than 5% on each beam and its effect on the flux
density, averaged over several measures, is less than the
calibration errors.

3. Results

After the set of flux densities and their errors have been
obtained for each epoch, the weighted average flux for each
source has been calculated using the relation:

5= Z?:l Si/(a?)i
i 1/(02)i

Where S; and (o.); are the measured flux density and
-estimated error for the i-th epoch, and n is the number of
valid measurements. :

Following the statistical analysis used in Paper I, we
then calculated the chi-squared:

(3)

q)2

2 _ - (Si" )
X ; (02):

We considered variable the sources with a probability that
the flux density variations were due to random changes
p(x?) < 0.1% and possibly variable those with 2% >
p(x3) > 0.1%.

We did not include in either group those sources whose
large x? value was mainly due to one single measure not
confirmed by further measurements during the same run.
This procedure prevents interpreting as variability fortu-
itous bad results, but might cause the loss of short out-
bursts. The magnitude of the variability can be character-
ized by the rms scatter of the flux densities deconvolved
by the estimated error:

(4)

Ovar = /02, — 02 (5)

Figure 2 shows the distribution of the reduced x2 ( x2 =
x%/(n — 1)) for all the sources: the filled area of the his-
togram include the variable sources and the hatched area
the probable variable sources.

X, Distribution

30

Fig. 2. Distribution of the x2: filled area shows variable
sources and hatched area indicates probable variable sources

In Table 2 we give the essential information for each
source: names, optical identification, redshift, average flux
density at 408 MHz in Jy, ovar in Jy only for the vari-
able and probable variable sources, and x2. The last four
columns of Table 2 list the number of valid measures, the
first and last epoch of observation (yr —1900) and a code
identifying the variable (V') and probably variable (P) ra-
dio sources.

The x? analysis is powerful in detecting those radio
sources whose measurements give an rms larger than that
statistically expected, but it does not tell us anything
about the timescale of the variability and its temporal
characteristics. A full analysis of the timescales of the vari-
able radio sources was published in Bondi et al. (1994).

Among the 125 radio sources of the monitoring pro-
gram, 55 are found to be variable and 6 probable variable.
All the sources found variable in Paper I after 5 years of
monitoring remain classified as variable, while two sources,
previously classified as P in Paper I, are found not vari-
able after a longer monitoring and increased statistics. In
spite of the relatively short monitoring interval (2.3 years),
10 out of the 12 sources with strong variability at higher
frequency are found to be variable. This confirms that
radio sources strongly variable at high frequency are the
best candidates for detection of low frequency variability
regardless of which mechanism is responsible for the low
frequency variability.

The radio sources 0622+14 (galactic coordinates ! =
197° and b = 1°) and 0629+10 (galactic coordinates
1 = 202° and b = 0.5°), added to the monitored list in
1984, are found to be not variable. Ghosh & Rao (1992)
do not detect any significant variability in 0629+10 at
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Name Id z S Ovar x2 n First Last Code
0003—-003 3C 2 Q 1.04 9.51 0.98 27 755 84.7
0019—-000 DA 009 G 2.93 1.85 13 774 80.1
0034—-014 3C 15 G 0.07 10.35 098 40 75.5 84.7
0051+317 B2 1.75 151 21 768 825
0056—001 DAO032 Q 0.72 3.98 0.10 224 44 T7.4 847 \"%
01064013 Q 2.10 295 0.07 1.95 20 824 84.7 P
01074563 4C56.02 Q 4.30 1.08 36 T77.5 8238
01164319 B2 G 3.51 095 33 T77.5 84.7
01164082 4C08.06 G 0.59 4.96 1.11 16 774 829
01274233 3C 43 Q 1.46 6.90 0.61 44 755 84.7
0128+039 OC+047 5.10 097 12 775 80.1
0134+329 3C 48 Q 0.37 36.63 0.72 27 755 83.9
0138+136 3C 49 G 0.62 6.77 0.74 17 773 84.7
0202+149 NRAOO91 Q 5.61 0.21 529 50 774 90.2 \'%
02214276 3C 67 G 0.31 7.45 126 19 773 85.2
0223+341 4C34.07 3.63 1.52 17 775 829
02244671 4C67.05 Q 3.95 0.21 8.16 85 75.6 90.2 \"%
0235+164 BL 1.68 0.11 3.59 19 824 84.7 \"
0240-002 3C 71 G 0004 11.34 0.67 40 T75.5 83.7
02514200 NRAOI117 3.80 1.14 44 76.7 84.7
0300447 4C47.08 BL 1.71 0.14 6.23 21 824 84.7 A%
0316+413 3C 84 G 0.02 27.06 097 73 75.5 90.2
0316+162 CTA 21 Q 8.06 149 48 75.5 84.7
03204053 DA101 G 6.49 0.21 393 38 7715 847 \"
0333+321 NRAO140 Q 1.26 293 031 2170 70 75.5 90.2 \"
0336—-019 Q 0.85 2.00 040 3594 19 824 847 Vv
0345+337 3C93.1 G 0.24 6.24 094 45 77.3 90.2
0348+175 PKS G 3.23 0.07 1.72 62 76.8 84.7 P
0355+508 NRAO150 Q 6.66 1.34 43 75.5 829
0358+004 3C 99 G 0.43 497 0.11 2.09 63 T77.7 90.2 A%
0402+160 NRAOI161 2.17 0.06 1.64 46 T77.2 84.7 P
0405—123 KS Q 0.57 8.05 1.16 46 75.5 82.1
0411+101 3C109 G 0.31 11.84 081 61 75.5 84.0
0415437 28.70 0.57 23 824 84.7
0422+178 1.90 0.11 292 19 176.8 83.2 A%
04224005 OF038 BL 0.31 1.35 0.06 1.91 69 75.5 84.7 P
0428+205 PKS G 0.22 2.82 0.8 12 77.5 80.2
0430+052 3C120 G 0.03 5.72 056 2547 70 75.5 90.2 \%
05184165 3C138 Q 0.76 16.61 0.23 2.38 47 T77.5 90.2 \%
0528+134 Q 2.06 1.19 0.06 2.15 21 824 84.7 P
0538+498 3C147 Q 0.55 46.78 1.12 33 775 847

327 MHz. Moreover they find that the scintillation index
shows a dependence on galactic latitude peaking around
|b| ~ 15° and decreasing at low and high latitudes. This
can be explained if the line of sight to the source crosses
a region of very large scattering (e.g. the galactic centre).
In this case, the timescale for refractive interstellar scin-
tillation could be much longer than the observing interval
of the monitoring (Spangler et al. 1989). Alternatively,
it is possible that the simplified geometrical model used
to characterize the distribution of the scattering in the
Galaxy (higher scattering at low galactic latitudes and in
the direction of the Galactic centre, lower scattering at in-

creasing galactic latitudes) is not adequate. Ghosh & Rao
(1992) using a distribution of the scattering material that
follows the spiral arms of the Galaxy find a minimum in
the predicted scintillation indeces for |b] < 5°.

In Fig. 3 we show a few light curves which can be con-
sidered as typical of the different variability behaviours.
In many cases, the flux density variations seem to oc-
cur smoothly with typical time intervals between rela-
tive minimum and maximum of about one or two years
(e.g. 0333+321, 07364017, 1611+343, and 2251+151 in
Fig. 3). Some sources show a more rapid variability with
timescales of the order of a few months (e.g. 0336—019,

© European Southern Observatory * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1996A%26AS..120...89B

FT99BACAS. 1207 ~."89B!

M. Bondi et al.: A 15 years monitoring program at 408 MHz 93
)_l 1 ¥ ) L] l T T ] T I Ll T L) L} I
- 0333+321 4
é “r i ]
< B .
e fre o« & - oy R R
g § q§5; [ S
— B !% I{! ]
= F ¢ 18 .
2 _I I L 'S L l I 1 1 1 | 1 ' 1 L I
1975 1980 1985 1990
epoch
H L] Ll Ll T I T T T T ] L) T T L I T T L] L] I L] T T ]
35 oass.o19 E
%’ 3 . =
® 25 2 i @ i E
o “F ]
<t . : ]
w 2F =
5 F ¢ g 8 3 It ]
— - 3 [ 3~
Bsp  f i : =
. 1L 1 1 s § N 1 L 1 | " ' 1 " | 1 ! 1 1 | 1 N L 15
1982.5 1983 1983.5 1984 1984.5
epoch
LB L} T L} I T L] T T I ¥ L L} T I ]
8L 04304052 :
cl: ¥ ;
;B -
S'p gt §o1 g 8 ]
© I éﬂ # ?ﬂ !I }; ]
3 6 [ I i% ]
[}
=5 z 3 ]
4 : 1 I} 1 1 ‘ 1 - 1 1 I 1 . 1 1 l :
1975 1980 1985 1990
epoch
- T T 1 ' T T T L I L L T L] ' .
- 0607-157 ]
~ 4 —
N Ot i
m - -
b b g :
o 3r [1] # LI B
b & ’;{5 5 8 Sl L ]
5,0 § @ ¥ B -
= r i -
[ Has ]
1 A A ) 1 ) . A A 1 1 A ) . 1 ]
1980 1985 1990
epoch

Fig. 3. Light curves at 408 MHz of 03334321, 0336—019, 04304052, 0607—157, 07364017, 0859—140, 11174146, 1611+343,
16334382, 16414-399, 22004420, and 2251+151
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Fig. 3. continued
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Fig. 3. continued
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Table 2. continued

Name Id z S Ovar x2 n First Last Code
0548+165 DA190 Q 4.17 0.17 6.15 57 774 90.2 \%
0603+203 3C152 6.76 090 13 776 80.1
0605—085 PKS Q 087 383 034 15.08 73 75.6 90.2 \"%
0607-157 PKS Q 0.32 263 048 3738 76 76.8 90.2 A\
0618+145 3C158 7.88 0.33 55 76.7 84.7
0621+400 3C159 G 0.48 6.39 0.17 3.16 76 75.5 89.3 \'%
0622414 5.61 0.76 12 84.8 90.2
0629+10 2.52 1.08 13 84.8 90.2
0631+191 ' 2.68 0.08 2.65 63 T76.8 84.7 \"
0659+445 4C44.15 6.84 1.31 14 775 84,5
0723—-008 DW G 0.13 3.32 0.20 766 60 75.6 84.7 \%
0727-11 2.12 1.27 22 824 84.7
0735+178 PKS BL 0.42 1.99 0.13 3.8 28 75.8 829 \%
0736+017 OI+161 Q 0.19 2.60 050 46.34 66 756 90.2 \%
0738+313 OI+363 Q 0.63 1.59 0.07 2.02 54 T76.0 84.7 \%
0812+488 3C196 Q 0.87 38.14 1.52 29 782 825
0814+42 1.68 0.24 1763 20 824 84.7 \%
0831+557 4Cb55.16 G 0.24 8.48 099 11 77.5 80.1
0834—20 PKS Q 2.74 3.41 0.16 494 67 T75.7 84.7 \%
08514202 B 0.31 1.32 0.12 472 18 824 84.7 A%
0855+280 3C210 G 1.17 5.85 1.06 15 774 80.1
0859—140 OJ-199 Q 1.34 419 0.24 766 83 75.5 90.2 \'%
0923+392 4C39.25 Q 0.70 3.50 1.59 57 755 829
0933+045 3C222 G 5.27 094 40 T77.5 84.7
0945+408 4C20.24 Q 1.11 270 0.11 3.66 56 774 84.7 A\
0958+255 4C25.30 1.49 0.50 47 T76.8 829
10064077 3C237 G 0.88 15.76 080 59 75.5 90.2
1019+222 3C241 G 1.62 6.46 1.10 54 76.7 84.7
10554018 4C01.28 Q 0389 413 0.16 420 74 755 90.2 A%
1101+384 B2 G 0.03 1.16 1.03 21 76.0 80.1
1116+128 4C12.39 Q 2.12 3.61 1.52 58 75.5 84.6
1117+146 PKS Q 1.20 406 0.44 2302 59 775 90.2 A%
11184237 3C256 G 1.82 4.90 1.77 14 775 80.1
1123+303 4C30.11 G 2.93 0.34 27 76.8 829
1127—-145 OM-146 Q 1.19 5.3 0.30 785 71 75.5 90.2 A%
1148—-001 PKS Q 1.98 3.35 0.09 2.00 50 T77.5 84.6 A%
11514295 4C29.44 G 0.33 4.94 094 82 756 90.2
1156+295 4C29.45 Q 0.73 2.74 0.14 489 76 75.6 90.2 A%
1226+023 3C273 Q 0.16 60.16 1.54 66 755 84.7
1253—-055 3C279 Q 0.5 13.79 0.65 839 67 756 90.2 \"
1308+32 BL 1.00 1.40 0.07 2.72 24 824 84.7 A%
13284307 3C286 Q 0.85 23.51 080 50 755 854
1328+254 3C287 Q 1.06 13.09 1.28 33 755 84.5
1345+125 4C12.50 G 0.12 7.90 1.00 17 775 82.0
13584624 4C66.22 G 0.43 5.76 0.24 750 69 T77.5 90.2 A%

and 1117+146 in Fig. 3), while others display drifts in
the light curves indicative of timescales of many years
(e.g. 04304052, and 22004420 in Fig. 3). Short and long
timescales can be both present on the same source (e.g.
0607—157, and 16414399 in Fig. 3). Finally some sources
display prolonged period of inactivity (e.g. 0859—140, and
1633+382 in Fig. 3).

In Tables 3-63 (only available in electronic form at the
CDS via anonymous ftp at 130.79.128.5), all the observa-
tional data for each individual variable or possibly vari-
able object are given. For each source, we list the epoch
of observations, the number of times the source was ob-
served in each run (between 1 and 4), the flux density
and the associated estimated error in Jy, the percentage
of scintillation, and a code (—) identifying a measurement
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Table 2. continued

97

Name Id z S Ovar x5 n First Last Code
14164066 3C298 Q 144 24.44 1.38 38 755 84.5
14224202 4C20.33 Q 0387 5.03 0.09 2.13 84 76.8 90.2 \'%
1454—060 PKS Q 1.25 2.87 149 27 755 80.2
1504—166 OR-—102 Q 0388 262 026 1322 73 755 90.2 \"
1510-089 OR-017 Q 0.36 281 025 11.18 70 755 90.2 A%
1518+046 4C04.51 G 3.76 1.11 30 775 825
1523+033 4C03.33 4.03 1.25 25 775 836
1524—136 OR-140 Q 1.69 559 0.46 18.47 66 75.5 90.2 A%
16114343 DA 406 Q 1.40 281 045 5448 85 T76.7 90.2 A%
1633+382 4C38.41 Q 1.81 243 0.21 1121 59 76.7 90.2 \"
16414399 3C345 Q 0.60 8.70 0.57 21.17 88 75.5 90.2 \%
1643—223 MSH 5.90 1.39 20 756 80.1
1645+174 NRAO517 G 0.31 3.67 0.09 2.00 49 775 84.7 P
1726+318 3C357 G 017 5.92 0.86 35 774 82.2
1729+211 4C21.50 1.88 1.16 24 76.8 829
1730—130 NRAO530 Q 0.90 7.30 0.39 958 60 75.6 90.2 A%
1828+487 3C380 Q 069 3431 146 76 756 90.2
1835+134 4C13.67 3.42 1.23 16 775 80.1
1901+319 3C395 Q 0.64 498 0.26 1265 68 774 90.2 \"
2012+234 3C409 44.87 0.76 50 75.7 84.7
2015+131 4C13.76 1.73 1.39 40 76.8 82.6
2033+187 OW155.5 3.44 0.18 792 77 76.7 90.2 A%
20564445 4C44.37 2.15 0.06 217 44 T77.2 84.7 A%
2121405 Q 1.88 1.33 6.70 22 824 84.7 A%
21284048 OX+046 G 3.67 1.08 13 775 80.1
2131-02 BL 0.56 2.15 4.87 18 825 84.7 A%
2134+004 DA553 Q 1.94 1.29 0.07 248 65 T76.0 84.7 \'%
2145+067 DA562 Q 0.99 3.45 0.17 5.16 53 75.6 90.2 \'%
2147+145 PKS 6.57 0.16 2.3 27 772 90.2 \%
2200+420 BL LAC BL 0.07 2.24 0.50 7.76 8 75.5 90.2 \'%
22104016 4C01.69 4.24 1.89 12 775 829
2223—-052 3C446 BL 1.40 11.83 1.31 50 75.6 84.7
2223+210 DAS580 Q 1.95 3.50 0.09 250 34 775 823 \'%
2230+114 CTA102 Q 1.04 7.71 0.33 6.97 61 75.5 90.2 \"
22494185 3C454 Q 1.76 5.53 145 19 76.0 83.2
22514158 3C454.3 Q 086 12.67 0.81 20.07 58 75.5 90.2 A\
2255+415 4C41.45 3.79 0.23 825 63 T77.5 90.2 A%
2338+132 4C13.88 6.16 147 34 76.7 84.7
2344+092 4C09.44 G 2.96 1.50 16 774 81.7

affected by interplanetary scintillation and not used in the
x? analysis.

4. Summary of the results discussed in previous
papers

In this section we summarize the results obtained in vari-
ous papers using the 408 MHz monitoring data.

Data prior to 1984 were used in a multifrequency anal-
ysis spanning a frequency range of 0.4—14.5 GHz (Padrielli
et al. 1987). Three distinct classes of variability were iden-
tified. The first class includes sources showing variabil-
ity only at low frequency (v £ 1 GHz). The second class
contains sources which have both high and low frequency

variability which appear unrelated, and have a minimum
of activity around 1 GHz. The third class accounts for
objects which show correlated variability from high to low
frequency. These different characteristics are the signature
of two distinct phenomena responsible for the variability.
The high frequency variability and the correlated low fre-
quency variability can be explained with the classical ex-
panding synchrotron cloud model, possibly with relativis-
tic bulk motions. The remaining sources show only low fre-
quency variability, or uncorrelated high and low frequency
variability. For these sources the low frequency variability
might be explained as refractive interstellar scintillation.

Theoretical models of refractive interstellar scintil-
lation were compared with the characteristics of the
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low frequency variability as derived from the 408 MHz
monitoring in a series of papers (Spangler et al. 1989;
Mantovani et al. 1990; Spangler et al. 1993; Bondi et al.
1994). The main results of these investigations were the
following.

1. In most of the cases where information on the milliarc-
second structure at low frequency are avalaible, the
variability indices are consistent with those expected
from a “standard model” for interstellar turbulence,
i.e. turbulence with a Kolmogorov spatial power spec-
trum and galactic distribution as indicated by pulsar
observations.

2. For a few sources, the scintillation indices are consid-
erably greater than expected. It is possible that these
large amplitude variations are caused by the same type
of irregularities which produce occasional refractive
phenomena in pulsar scintillations, such as interference
pattern in dynamic spectra.

3. The agreement between observed and predicted vari-
ability timescales is generally poor, although there are
a number of factors which plausibly could be respon-
sible for this poor correlation.

4. A one-year modulation is found. This modulation is
produced by the earth orbital motion through the scin-
tillation pattern. A significant constrain on the propa-
gation velocity of the interstellar turbulent irregulari-
ties is obtained (Vi < 10 km s71), suggesting that he
motion between the Earth and the scattering pattern
is, on average, mainly determined by the motion of the
Earth-Sun system with respect to the Local Standard
of rest and the Earth orbital motion around the Sun.

Finally, the Doppler factors derived from multi-epoch
18 cm VLBI observations were compared with those cal-
culated from the 408 MHz variability over the same

interval (Padrielli et al. 1986; Bondi et al. 1996). This com-
parison showed that for the majority of sources there is no
correspondence between structural variations on the milli-
arcsecond scale and low frequency outbursts. In a minority
of events, 408 MHz flux density variations and 18 cm VLBI
structural variations are clearly related. These results re-
inforce the hypothesis that the low frequency variability
in extragalactic radio sources is mainly due to an extrinsic
mechanism affecting all compact (< 10 mas at 408 MHz)
radio sources. As might be expected, the very compact in-
trinsic variables also show evidence for an extrinsic origin
for some outbursts.
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