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CHAPTER FOUR
THE RELATIVISTIC TWIN PRECESSING BEAMS MODEL

4.0 To explain the inversion symmetry observed in many radio
sources (e.g., Cyg A in Fig. 1.1 (see also Perley, Dreher &

Cowan 1984), B2 0055426 (Ekers et al. 1978), 0816+526 (Burns &
Christiansen 1980)), the beam model can be modified to allow
precession of the central engine which produces two oppositely
directed continuous streams of plasma. It is found that many
asymmetric sources with interesting structures like sharp

. bends can also be modelled by emission from twin orecessing re-
lativistic beams, projected on the plane of the sky (Gower et al.
1982) . Hjellming & Johnston (1981) have given a detailed treat-

ment of the kinematics of the model.

4.1 THE MODEL Relativistic plasma is continuously ejected at

a sveed v = B¢ by the central engine whose ejection axis pre-
cesses conically with half-angle ¥ and period P, the axis of
the cone being inclined at angle i to the line of sight. For

. high speeds B and small inclination angles i, the structure is
asymmetric both in intensity contrast and relative distance
along the two branches of the bifurcated source, the receding
beam being fainter and smaller than the approaching one. To get

a roughly symmetric morphology, small B and large i are required.

Looking at various examples of inversion symmetric sources,

we see that there are two kinds: one with some sort of 'continuity'

.
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from one hotspot to the central radio core (or optical galaxy
or quasar) to the other hotsnot (e.g., Cyg A (Fig. 1.1 and
Perley, Dreher & Cowan 1984; also compare with Fig. 8 of
Simkin 1979, who has given the rotation axis of the narent
galaxy superposed on Hargrave & Ryle's (1974} map which we have
reproduced in Fig. 1.1) and 0816+526 (Burns & Christiansen
1980)) and another in which diffuse emission, beginning at the
two hotspots, trails away from the line(s) pointingiZ%ese
hotspots to the core (or oontical object) (e.g., B2 0055+26
(Ekers et al. 1978)). We call the £first kind S shaped sources
(including the inverted shape Q) and the second kind 7

shaved sources (including the inverted shape X). 1In the
precessing beams model, these are sources with large inclina-
tions 1 to the line of sight, with precession significantly
slower than advance of the beam giving rise to S shape and
precession much faster than advance oroducing Z shape. Thus,
in this scheme, a given source starts off with an S shape and
after > 1% cycles of the rrecession, can attain a Z shave if

the radiating material in the inner varts has by then faded

out.

We now describe the model in more detail and write
down the essential ecuations, and present results of applying
it to the source 1857+566 in section 4.2 below. Choosing the
origin of coordinates at the central engine and the x-axls

pointing toward us (i.e., the observer), the yz-plane coincides
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(LINE OF SIGHT)

Flg. 4.1 Geometry of the relativisHce

Prece,ss‘fng beams model
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with the sky-plane (Fig. 4.1). Denote by ¢ the azimuthal
angle of an element of fluid of the relativistic plasma coming
toward us in the stream which forms the beam. The velocity

of this element can be resolved into three components in the

standard way:

<
|

=S5 c in in 1 cos ® + co i
S beam P {s Y S i cos y cos i} ,

vy = Sbeam gc sin y sin o ,

g = Sbeam gc {cos y sin i - sin y cos 1 COS o} ,

where Sbeam = +1 for an element in the aporoaching beam and

S = -1 for the corresponding element in the receding beam.

beam
To get the position of an element on the sky-plane at the time

of observation, vy and v, must be multiplied by the time inter-

val At (in the observer's frame of reference) since ejec-

obs
tion of this element of fluid. Account must be taken of the
 light—travel—time from the vosition of the element to the
'6bserver in this calculation. This time interval is proportional
to the increment in the azimuthal angle since ejection. All
possible azimuthal angles since ejection give the trajectory of
the beam on the sky-plane. If ®o is the azimuth of the fluid

element ejected at the time of observation, the azimuths of all

the elements ejected earlier are given by

2m
> =9 - (¢I -¢) =¢_ - ) Atobs ’

on varying ¢ from ¢, to 0 (AtObS from 0 to a maximum). If the




4-5

distance of the source from us is D, the dimensionless angular

coordinates Qz and Qy of an arbitrary moint on the beam trajec-

tory are:
0.,y = 02,y / (Pc/2yD) = (v, y/C) (p1=¢)/(1-v_/c).
’ ’ 1
Oz . are the angular coordinates in radians, and Qz y in units
of Pc/24D (where P is the precession period). The shape of the

trajectory can thus be obtained by vnlotting QZ with arbitrary

scale. The parameters which completely specify the shape and

extent of the trajectory are thus: g, y, i, o and 6, To

get the precession period in yrs (Pyr), we must match some

feature of size g (e.g., the distance between the core
arcsec

and a hotspot, or that between two knots in a jet) in the obser-

ved (radio) map with the corresvonding feature of size Q in the

model trajectory:

Pyr = 0 eEE!]’.‘CESGC DMpC

/ Q.

In the model calculation, we have adjusted the trajectory to
the maximum space available for plotting and noted the side of

this square in terms of Q.

To calculate the image intensity, we must model the
spreading and dimming of the radiating fluid elements as they
ace. The intensity at each grid-point in the plot is the sum
of contributions at that voint due to radiation from all points

of the beam. We assume a Gaussian spreading, with width



increasing as the square-root of the prover age (model A of

Scheuer 1974)

_v2sa2v5 B 2,205
bt e / (1-VT/e™) (o —¢)/(1-v7/c™)*,
and dimming proportional to the proper age. If there are N

fluid elements in the approaching branch of the trajectory and
N in the receding one, the intensity at a point (y,z) in the

inage 1s
2 2 Ly 240
I(y,z) qii_N fi(ri)/(¢1—¢i)[(l—vxi/c)/(l-vi/c ) ] c
f.(r) specihes the spread,

where g is the spectral index, taken to be 1,Aand

P 2 2. .
r, = (y Qyi) + (z in) is the distance of (y,z) from the

centre of the ith fluid element (Qyi, Q

VXi and vy takes care of the different light-travel-times and

Zi). The factor with
Doppler boosting/dimming for different points of the beamn.

The proportionality constant is chosen to give the image an
appropriate dynamic range, the limit being set by the maximum
integer representaﬁle by the comnuter, 32767. I(y,z) 1is cal-
culated at 100 points in a 10x10 matrix. The plot can be
obtained either in a gray scale (with the number of dots in a
single picture element quantifying the scale) or as a contour
plot. Since the observed spread is the actual spread convolved
with the telescooe beam, and since two Gaussians convolved

with each other give another Gaussian, we assume a Gaussian

form for the observed spread:



f.(r) = £ . exp[—rz/rgi],

With prover normalization, f.. and r, are related by

01
foo 2nr dr f.(r) = 1 «» £ = 1/rr 2 (o . —b:)
0 i 01 o) R
The spectral index o, the power-law index (= -1) for dimming
of the radiating fluid elements and the vower-law index (=%)

for spreading of the elements are the new parameters needed
for modelling the intensity, in addition to those listed

earlier for the trajectory.

Gower et al (1982) have.applied this model to a wide
variety of structures, also varying the rate of precession for
some cases. The fits seem to be better for the more asymmetric
sources, for which high values of 8 are needed. We attempted
to model some symmetric sources observed with the VLA (Alok
Patnaik, vrivate communication) and conclude that a decelera-
tion of the beam against the intergalactic medium must be inclu-
ded in the model to account for the hotspots at the outer ends
' of the symmetric sources. Without such a provision, the only
way to get an enhancement of intensity is to view a large

amount of material coming toward us along the line of sight.

4.2 APPLICATION TO THE HIGH-REDSHIFT QUASAR 1857+566 1In this

.section we present results of applying the model of section 4.1
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to the asymmetric source 1857+566 (Saikia et al. 1983). Fig.4.2a

shows a 6 cm map of the high redshift (z=1.595) quasar 1857+566

(Saikia et al. 1983). The western lobe appears relaxed, with a
warmspot, while the eastern part of the source consists of a
long jet which exhibits a gradual curvature in the initial

(E1) and final (E4) portions but bends sharply twice (E2 and

E3) by almost 90° in opposite directions at about 7.4 arcsec
from the optical guasar. The position of the quasar appears
displaced from the peak of radio emission in component E1 by
about one arcsec. Although this displacement is not very signi-
ficant, the peak is about 28 percent polarized and is thus more
likely to be a knot in the jet than the core. This has since

been confirmed by Owen & Puschell (1984).

To attempt a model of 18574566 within the framework of
precessing relativistic beams, first note that the NW warmsovot
and the low-brightness region at the end of the jet have simi-
lar surface brightnesses and are rouchly symmetrically located
on opposite sides of the quasar. It is clear that it would>not
be possible to model both the NW warmspot and the jet. We
have therefore attempted to model only the jet, ignoring the NW
warmspot. As described above in section 4.1, the intensity
distribution of the fluid elements in the beam has been modelled
. by assuming their flux densities to be inversely proportional

to their proper ages, and their width to vary as the square root

of proper age.




Although in this simple model the most reasonable fit is

obtained by choosing Rg=z0.8-0.9, ¢ =5°, i = 20° and about 1%

turns of the central engine precessing with P = 104 yr (see

Fig. 4.2b), it is not very satisfactory. It is difficult to
reproduce the overall morphology of the jet with both the

sharp bends of similar intensity seen at E2 and E3. Further,
the fit requires a small angle of inclination of the jet axis

to the line of sight. This is unlikely for 1857+566 as it lies
close to the upper envelovne of the angular size-redshift diagram
and hence 1s expected to be inclined at a large angle to the
line of sight. This arcues against a Doppler interpretation

for the asymmetric nature of the jet. 1In addition, the small

change in surface brightness over the recion where the jet bends
sharply suggests that the flow velocity is not large. However,
the displacement of the optical guasar position from the radio

peak in component E1l is very well reproduced by the model.

Saikia et al. (1983) have ruled out two other possible
explanations for the structure of the jet. Bending due to (
Kelvin-Helmholtz instabilities is unlikely since the equipar-
tition pressure in the jet is much greater than the pressure
derived from X-ray observations of rich clusters of galaxies.
Bending due to motion of the external medium is also unlikely
since a 70° bend by a 103 km/s medium requires few particles

per cc in the medium, which is again much greater than the

' densities in rich clusters derived from X-ray observations.




Moreover, the second sharv bend at E3 (Fig. 4.2a) is in a
direction opposite to that at E2, which would require a sudden
change in the external wind direction even if bending by such

a wind was possible. It is conceivable that the beam may be
bent by collisions with dense clouds embedded in the intergalac-

tic medium, albeit rather fortuitously vlaced to cause the

- bends at E2Z2 and E3.



CHAPTER P'IVE

IPS OBSERVATIONS OF 0OO0TY OCCULTATION RADIO SOURCES

5.0 In the uniform relativistic world models (i.e., the
big bang models) the (observed) radio source oopulation extends

back to about 90 percent of the present age of the universe

(e.g., the look-back-time for z = 3 is 89 percent of the
present age % H;1 in the Einstein-de Sitter world model).

Successful models to fit the source counts (see section 6-9)
require that weaker sources (tens of mJy at 408 MHz) are also
cosmologically more distant (Wall, Pearson & Longair 1980,
Peacock & Gull 1981). This is also supported by the observed
relations between ancular size and flux density (Swarup 1975,
Kapahi 1975, Kawahi & Subrahmanya 1982) and percentage iden-
tification and flux density (Swarun, Subrahmanya & Venkatakrishna
1982) . Hence the study of extracalactic radio sources to low

flux densities is of considerable cocsmological imvnortance.

On the other hand, to understand the origin and evolu-
tion of a radio source, the structure of radio sources of
various sizes on all size scales should be known. We pbresent
a study of two samples of weak radio sources from the Ooty
lunar occultation survey (see section3.0) in order to determine
the fine structure in sources of different overall angular
sizes. The first samnle consists of sources stronger than

1 Jy at 326.5 MHz and of angular sizes between 1 and 4 arcsec.
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The second contains sources of all ancular sizes stronger
than 0.75 Jy at 326.5MHEz. The sources were observed with the
Ooty radio telescope using the method of interplanctary

scintillations (IPS).

The Ooty radio telescope overating at 326.5 MHz (91.8cm)
is particularly suited for IPS observations because of its
large collecting area and abilityv to track continuously.

Using the IPS method, the Ooty radio telescove can detect
Acompact structure (0.02 to 1 arcsec) as weak as 0.05 Jy.
The method of IPS is, however, insensitive to any structure
on a scale > 1 arcsec at 326.5 MHz. Ve briefly describe the
theory behind the method, (section 5.1), the observation and
reduction orocedure (section 5.2) and then go on to describe

the results for the two samples of sources and their immlica-

tions (rest of the chanter).

5.1 TIPS THEORY IN BRIEF Interplanetary scintillation 1is the
random variation in the intensity of a radio source

when i1t is observed through the solar wind (that is, the
interplanetary medium). The scintillation occurs because the
- radio waves from a source vass through irregularities of
electron density'(and therefore of refractive index) in the
outer vart of the solar corona and the solar wind. If a
Gaussian spectrum is assumed for the irregularities, it can
be specified by their scale size 'a' of about 100 km. The
irregularities produce a diffraction pattern on the ground.

(We model the solar wind pblasma as a thin screen, see Fig.5.1.)
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The pattern drifts on the ground as the solar wind flows at

a speed of about 400 km/s outward from the sun at a distance
7 of about 1 AU. Each point in the source produces its own
diffraction pattern. If the patterns produced Dy two voints

in the source are disvlaced by less than the scale of the

i

irregularities (a = 100 km), scintillations are observed.
For this the source must have an angular size roughly given
by v < a/Z = 1 arcsec. However, the maximum angular size
beyond which scintillations are washed out increases slowly
with the wavelength, roughly as the sguare-root. The technique
is easy and rapid to apoly and does not need elaborate instru-
mentation. We give below a simplified derivation of the
relation between the source brightness distribution on the
sky and the statistical properties of the scintillation
pattern. For a detailed exposition of IPS theory, see Pramesh
Rao (1975) and references therein.

Note first that the phases of the waves thzat interfere

pattern

to nroduce the scintillationlgéaééefm are lost. All the
information is then contained in the power spectrum of the
intensity variations, i.e., the relative strengths of variations
on the various time scales. There is a simole way to relate
this power spectrum to the brightness distribution of the
source being observed. Referring to Fig. 5.1, let the Fourier
component at spatial wavelength# A of the intensity pattern

on the ground produced by a unit point source be I(2n/X). For
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a voint source at 6, a phase factor exp(-i2mZ2g/),) is intro-

duced, so the Fourier component becomes
I1(27/)) .exo(-121Z6/)),

a shift of the pattern on the ground by Z6. Since the solar
wind moves at a speed v(z400 km/s), the pmattern shifts at a

frequency £ such that X f=v. For a brightness distribution

b(g) in the sky, the Fourier transform of the intensity

pattern 1is
s I(27/x) . exp(-1i2n (2/X)6). b(6) a8
= I(2r /X)B(Z/Xx) = I(2n1f/v) B(Z2f/v),

in which B(s=Zf/v) 1s the Fourier transform of b(6):

B(s) = ;y Dbi(plexp(-i2rspg) ds.

.
By definition, the power spectrum 1s the square of the Fourier

transform. So the power spectra of an extended source of

brightness distribution b{8) and of a unit noint source are

related by

(£) = p__(£).|B(2E/v)] 2.

pt

Pextd

Inverting this relation, we get

|B(S)| = /P (vs/2) / Po (vs/2Z) .

extd t

Thus, in principle, the IPS power spectrum of an extended

source contains information on the amolitudes, but not the



phases, of the Fourier transform of the brightness distribu-
tion of the source upto a maximum spatial freguency (or base- ;

line, in interferometry pvarlance) 8 In vrinciple, this

max '’
is similar to the information obtained from the early VLBI
experiments. However, it is difficult, in practice, to rely
too much on the power spectrum due to the uncertainties of
the solar wind and various other sources of error. Instead

of using the whole power spectrum only its width and the

area under it are used to derive two important parameters for

the sources, viz., the fraction of flux density in the scin-
tillating component (u) and its angular size (y) as described

in the next section.

5.2 IPS OBSERVATION AND REDUCTION PROCEDURE The method used

for our observations and the reduction vrocedure adovted were,
in general, similar to the method used for the earlier IPS
survey at Ooty (Pramesh Rao et al. 1974). Briefly, the source

was tracked continuously for about 20 min and .an adjacent

patch of cold sky for about 5 min immediately after or (less
often) before the 'on-source' track. The 'off-source' track
can, in principle, be used to get the total flux density of
the source by subtracting the off-source level from the on-

source level, but we have not done this since most of our

sources are weak in compvarison with the confusion limit of
the Ooty radio telescope (=1.5 Jy). Instead, we have used the

flux densities given in the lunar occultation surveys (see
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section 3,0) which are not seriously affected by confusion. A
relatively strong (>8 Jy) flux calibration source from the
standard list was also observed in the same way, except that
the on-source track also lasted for about 5 min. For a short
run of IPS observations (~3 hours), only one flux calibra-
tion was done. Two or three such calibrations were done for
a longer session (~8 hours). A receiver bandwidth of 4 MHz
was used and the output from a correlated channel, which is
the result of multiplving the voltage signals from the north
and south halves of the telescooe (Swarup et al. 1971),
smoothed using an RC time constant of 50 ms, was recorded
digitally on magnetic tape at the rate of 50 samples/sec.
This output, which consists of the intensity fluctuations of
the source, along with correlated channel outputs for several
adjacent beams and one total power channel outout for a far
off beam were also fed to a chart recorder for the purpose
of monitoring ionospheric scintillations, thunderstorms,
local interference from the vicinity of the telescope, etc.
Each type of unwanted noise has a characteristic signature
(as the Ooty radio telescope has 12 adjacent beams, it is
easy to recognize interference) and the charts were marked
accordingly as the observation vroceeded. These were later
used to edit out unwanted blocks of data, more blocks having
been acquired to make up for this loss. The data on the

magnetic tape were later reduced using programs svecially

written for the purpose with the PDP 11/70 timesharing system.

Rl
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In what follows, we briefly describe what these pro-
grams do. Running means over 512 data voints are subtracted
to remove any drifts and the variance of the data is then
computed. The power spectrum is also comouted using a 2048-
point fast-Fourier algorithm. The swectra of successive
minutes of data are cumulatively added. This integrated
power-spectrum is corrected for the attenuation caused by
the time-constant circuit (Pramesh Rao 1975, pbp.100-6). The
power spectrum thus calculated is stored on another magnetic
tape and used later for making plots through the last of the
reduction programs. These power svectrum plots give, among
other things, the mean, the variance and the first and second
moments of the power spectrum for each track. There are

several consistency checks built into the programs.

The dedicated on-line computer Varian 620/i, which was
used for data acquisition, onroduced blockwise means and
variances and also power spectrum plots as the observation
went on. An older version of the reduction érograms, using
a 1024-point fast-Fourier algorithm, was used in real time
for this purvose. These plots can be used for analysis if

there are no blocks with serious interference, and were useful

when the data on tape got erased or were not written properly

due to tape unit malfunction or any other such problem. The

scintillation index, m, which is the area under the power

spectrum profile normalized to the flux density of the source,
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and the second moment f2, which is a parameter indicating the
width of the power spectrum, were calculated for each observa-

tion.

Each source was observed in this way on several days
corresponding to different angular separations (= elongations € )
from the Sun, ranging from about 6° to 25° for most sources

and upto 40° for a few. To find the equivalent size ¢ of the

scintillating component, values of f2 are plotted against sine
on a log-log graph sheet and compared with model calculations
(Pramesh Rao et al. 1974). The model consists of a Gaussian
brightness distribution of FWHM y for the scintillating com-
ponent and a Gaussian power spectrum for electron density fluc-
tuations in the interplanetary medium. Although the observed
power spectrum appears to be more complex than any such idealized
form (Ananthakrishnan & Kaufman 1982 and references therein),

a Gaussian distribution has been assumed since it is adequate
for the purpose. The normalization of the model log fz—log sine
curves was done using extensive observations of a few well-
studied calibration sources known to have sizes of few tens of
milliarcsec at metre-wavelengths (Pramesh Rao 1975,

Ananthakrishnan 1976).

The fraction of the total flux density in the scintilla-
ting structure (that is, the compactness parameter u ) was
estimated in the following manner. The scintillation index m

) /1 where 95N and OopF are the

T e -

is given by m = (OON - O5pp




on-source and off-source rms values and I the mean intensity.
Alternatively, it is the area under the power spectrum of the
scintillations. The compactness parameter p 1s then estimated
by taking a weighted average of the ratios m/mO of the source
scintillation index m (corrected for the measured comoonent
size assuming an equivalent circular Gaussian) to the scinti-
llation index m of the calibrating source at the same elonga-
tion:

_ , 2,%
Hcorrected - FMweighted mean [1+0.36(7.5y/arcsec) "1 °.

In estimating y, only observations in the weak scattering
regime (e >14° at 326.5 MHz) were used. y and | are thus two

independent parameters describing the structure of the source.

5.3 THIRTY SOURCES OF SIZES OF FEW ARCSEC: OBSERVATIONS As
stated at the beginning of this chanter (section 59), the study
of extragalactic radio sources on all scale sizes is important
for understanding their origin and evolution. Extended sources
(tens of arcsec) have been extensively mapped using aperture
synthesis, and compact sources (tens of milliarcsec) with

very long baseline interferometry (VLBI). Sources with inter-
nediate sizes (a few arcsec), however, are only now being

- mapped (e.g. by MERLIN in UK and VLA in USA). We observed two
samples of radio sources from the Ooty occultation survey for
fine structure, using the method of IPS (see sections 5.1 and
5.2 above). Observations of a sample of 30 sources with sizes

of few arcsec aredescribed in this section, and of another
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sample of 90 in section 5.4.

The 30 source sample was formed from the Ooty lunar
occultation survey (section 3.0) by Gopal-Krishna, Preuss &
Schilizzi (1980) for 4996 MHz single baseline VLBI observa-
tions. Exclusion from the occultation lists 1-9 of all
sources with 8326.5 <1 Jy and § <-25° leaves a samole of 266
sources (Gopal-Krishna, Preuss & Schilizzi 1980) of which 30
have sizes between 1 and 4 arcsec, and occultation scans along
position angles differing by at least 20°. The median flux
density of these 30 sources is 1.75 Jy. Both, the sample of
266 sources and 1ts subsample of 30 sources have identification
rates very similar to the 4C comvlete sample (8178> 2 Jy;
Pilkington & Scott 1965, Gower et al. 1967). We decided to
observe this sample of 30 sources with IPS to comvare any fine
structure at 326.5 MHz with the high-freguency structure found
by Gopal-Krishna et al. (1980) who carried out VLBI observa-
tions at 4996 MHz using the Effelsberg-Westerbork baseline

which provided fringe-spacings in the range 0.05 to 0.125 arcsec.

Suitable observation dates were determined from solar
plots where the positions of these sources (as well as of
those from the other sample of 90) were marked. The solar
elongation ¢ of a source (defined as the sun-earth-source angle)
on a given date could be simply read off the solar plot to
facilitate the scheduling. Most of the observations were made

in 1981, though there are a few from earlier years and a few

(...5-17)




Table 5.1 Observation log for the 30 sources
Source Date sine u?W' w?ﬁ' Date sing TR
1 2 3 4 5 6 7 8 9

0011+054 09.04.81 0.248 v v 03.03.82 0.398 % v
10.03.82 0.286 v Y 13.03.82 0.237 v v
15.03.82 0.205 3% 18.03.82 0.157 v

00574105 14.03.82 0.422 y y 18.03.82 0.359 v y
21.03.82 0.312 y v 26.03.82 0.231 v
28.03.82 0.199 ¥

0352+210 03.05.81 0.318 v 3% 07.05.82 0.257 Y Y
09.05.82 0.225 v

0405+258 03.05.81 0.387 v 10.05.81 0.280 v y
14.06.81 0.322 Y 29.05.82 0.098 3%
30.05.82 0.106 y

0410+266 06.06.81 0.186 y 14.06.81 0.304 v v
15.05.82 0.231 Y

0500+270 24.06.81 0.271 y v 28.06.81 0.333 3%
19.05.82 0.342 v y 22.05.82 0.296 v %
01.06.82 0.144 v

0632+189 06.06.81 0.395 v v 12.06.81 0.304 v v
24.06.81 0.124 v 10.07.81 0.181 V%
18.07.81 0.304 Y Y 24.07.81 0.395 % v

0646+184 12.06.81 0.359 Y v 24.06.81 0.177 y
28.06.81 0.122 10.07.81 0.133
20.06.82 0.241 3% v 25.06.82 0.166 Y
30.06.82 0.102 v 10.07.82 0.129 v
14.07.82 0.186

0656+213 23.06.81 0.212 v 24.06.81 0.196 y
28.06.81 0.131 ¥ 27.07.81 0.347 A v

0706+261 14.06.81 0.385 % Y 24.06.81 0.230 v
28.06.81 0.168 v 20.06.82 0.297 N y
13.07.82 0.107 Y 16.07.82 0.151 ¥y

07104241 18.07.81 0.157 v 21.07.81 0.205 y
25.07.81 0.269 v % 27.07.81 0.301 y Yy

contd...
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0736+167 24.06.81 0.370 y y 03.07.81  0.233
11.07.81 0.120 Y% 22.07.81 0.127 y
25.07.81 0.168 v 30.06.82  0.282 v
02.07.82  0.252 y

o%46+162  24.06.81  0.406 v 28.06.81  0.346 y v
03.07.81 0.270 y % 11.07.81 0.152 Y
24.07.81 0.122 %

1055+018 15.08.81 0.396 Yy Yy 18.08.81 0.350 V% y
26.08.81 0.227 v 28.08.81 0.197 v
30.08.81 0.167 Yy 02.09.81 0.125 Y
25.09.81 0.300 Yy % 27.09.81 0.332 3% y
29.09.81 0.363 Yy 3%

1123+012 26.08.81 0.326 V% Yy 29.08.81 0.278 3% y
02.09.81 0.213 3% 05.09.81 0.165
03.10.81  0.315 v v 07.10.81  0.379 y v

1159-060 29.08.81 0.463 v 02.09.81 0.404 % v
06.09.81 0.343 % v 15.09.81 0.207 v v
14.10.81  0.322 v v 16.10.81  0.353 y y
18.10.81 0.384 y y 20.10.81 0.415 % Y
21.10.81  0.430 y y 22.10.81  0.445 v v
23.10.81  0.460 v v 25.10.81  0.490 v v
28.10.81  0.534 v v 30.10.81  0.563 v v
31.10.81 0.577 0% y 10.11.81 0.709 y %
11.11.81  0.721 y y 13.11.81  0.745 v v
15.11.81  0.768 v v

1304-101 23.10.80 0.192 y 24.10.80 0.209 Yy
26.10.80 0.242 v y 30.10.80  0.307 v y
31.10.80 0.324 y y 04.11.80  0.388 v v
18.09.81 0.411 v v 27.09.81  0.269 v
30.09.81 0.220 Yy 04.10.81 0.156 y

1348-129 06.11.80 0.237 % 07.11.80 0.254 3%
05.10.81 0.318 Yy Y 08.10.81 0.269 3%
10.11.81  0.299 v y 20.11.81  0.461 v v
21.11.81 0.477 Yy Yy 24.11.81 0.522 Vv 3%
27.11.81  0.567 y y 29.11.81  0.596 v v
02.12.81  0.637 v y 05.12.81 0.677 v v
07.12.81  0.703 y y 12.12.81 0.763 v v
17.10.82 0.113 %

contd. ..
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1350-154 09.10.81 0.283 y Yy 13.10.81 0.218 Y
13.11.81 0.280 y y

1456-165 23.10.80 0.295 y % 24.10.80 0.279 v y
25.10.80  0.262 % y 26.10.80  0.245 y y
31.10.80 0.160 y 22.11.80 0.224 y
26.11.80 01292 y N

1632-199  18.12.80  0.282 y y 20.12.80  0.315 v v
23.12.80 0.365 Y Yy 10.11.81 0.384 y Yy
09.12.81 0.124 vy 12.12.81 0.175 y

1924-193 18.12.81 0.414 3% 3% 20.12.81 0.382 Yy v
25.12.81 0.299 Yy N 28.12.81 0.248 Yy y
03.01.82 0.147 v

2019-202 04.01.82 0.335 Yy y 06.01.82 0.301 y vy
08.01.82  0.267 y 05.02.82  0.225 y
07.02.82 0.259 3% Y 10.02.82 0.310 Yy

2023-142 04.01.82 0.381 Y% Yy 07.01.82 0.333 Y y
10.01.82 0.284 % y 13.01.82 0.236 y Yy
17.01.82 0.173 y 05.02.82 0.204 v

2050-188 15.02.74 0.272 3% y 09.02.75 0.164 y
18.02.75 0.318 y V% 07.02.79 0.129 y
10.02.79  0.181 v 07.01.82  0.406 v v
10.01.82 0.357 3% 3% 13.01.82 0.307 Yy %
07.02.82 0.133 V% 14.02.82 0.254 Y 3%

2058-179 13.01.74 0.341 y y 19.01.74 0.239 Yy Yy
14.01.82  0.326 y y 17.01.82  0.275 y v
10.02.82 0.148 y 12.02.82 0.200 Y
16.02.82 0.251 y y

2243-032 09.02.74 0.375 15.02.74 0.278
18.02.75 0.234 y 21.02.75 0.186 y
08.03.79 0.120 Yy 15.03.79 0.226 3%
08.02.81 0.388 vy Yy 05.02.82 0.440 Y
09.02.82 0.376 y v 10.02.82  0.360 y y

2245-022 08.02.81 0.404 v Yy 19.062.82 0.232 Y
25.03.82 0.378 y y

contd. ...
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2257-048  16.03.79  0.188 21.03.79  0.271 7
19.02.82 0.246 vy vy 17.03.82  0.208 y
23354031  21.02.79 0.420 y vy 24.02.79 0.373 y vy
05.03.79  0.231 y 07.03.79  0.200 -
23.03.79  0.136 y 25.03.79  0.162 v
26.03.79  0.177 07.04.79 0.361 y y
08.04.79 0.377 y vy

“ 'y' in columns u? and | ? indicates that the observation was
used to derive the values of U and Y respectively. A blank
indicates that it was not used.
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in 1982 (see Table 5.1 for details).

In Table 5.2, we have given the values of p and y for
the 30 sources, together with their structures, sizes and flux
densities at 326.5 MHz, as well as the optical identification
data, all taken from the published Ooty lunar occultation lists.

Also tabulated is the spectral index a%336 (see section 1.2)

between 326.5 MHz and 4996 MHz given by Gowmal-Krishna et al.
(1980) . The spectral class as defined in the next section is
also tabulated. Histograms of y and y are shown in Fig. 5.2.
It is seen that about 45 percent (which 1s the median value of
u) of the total flux density at 326.5 MHz arises from scinti-
llating fine structure between 0.05 and 0.5 arcsec in size with
a median value of 0.18 arcsec. The remainder of the emission
should arise from more extended structure to which our IPS
observations are not sensitive. Since the total svectra of the
sources are steep | a§326 > 0.5; see section 1.2) and the IPS
component has typvically 45 vercent of the flux_density at

326.5 MHz, the typvical IPS component is also expvected to have

a steep spectrum.

5.3.1 Interpretation The nature of steep-svectrum sources

with sizes of a few arcsec at metre-wavelengths 1is not well
understood. Low luminosity radio sources are generally identi-
fied with normal svirals, Seyferts and also ellipticals, but
the high luminosity radio sources are mostly identified with

bright active ellivticals. Most of the high luminosity steep-



Table 5.2

Data for the 30 sources.

Source

0011 + 054
0057 + 105
0352+ 210
0405 + 258
0410 + 266
0500 + 270
0632 + 189
0646 + 184
0656 +213
0706 + 261
0710 + 241
0736 + 167
0746 + 162
1055+ 018
1123 +012
1159 - 060

Optical identification*

EF

s

18 mag NSO
IR

EF

Cwd

Bz

R

19 mag G
21 mag RO
18.5 mag NSO (Cwd)
EF

EF

18 mag Q
20 mag G, cl
EF

5327
Jy)

4.2
1.0
3.3
1.0
2.1
1.2
3.0
1.4
2.4
2.5
1.2
1.8
1.4
4.0
1.2
1.9

Overall™
(arcsec)

mcmmgmgmmmg

w "o o™
oo’

3.5
1.7
2.7
2.0
3.0
3.5
1.5
3.0
[.5
3.5
3.6
4.0
3.4
1.5
3.5
1.6

Radio structure/size

Scint. Comp.
(arcsec)

u v
0.17(4) 0.27(6)
0.46@3) 0.36(5)
0.22(2) 0.05(3)
0.303) 0.10(3)
0.62(1) 0.203)
0.44(3) 0.10(5)
0.514) 0.12(6)
0.47(2) 0.10(6)
0.36(1) 0.05(4
0.18(2 0.17(6)
0.30Q2) 0.259(4)
0.72(3) 0.259(4)
0.83(3) 0.139@)
0.72() <0.02(%9)
047() 0.2805)

0.87(18) 0.15(19)

4996
Q3,4 Class

0.93
0.68
0.87
0.85
1.15
0.76
1.20
0.97
1.12
0.65
1.05
1.16
0.89
0.14
0.70
0.90

contd....
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Table 5.2 (continued)

1304 — 101 EF 1.4 S 4.0 0.71(6) 0.14(3) 0.98 A
1348 — 129 EF 3.5 EXT T 1.0012) 0.1534) 0.95 A
1350 - 154 EF 1.0 S 3.0 0.31(2)  0.203) 1.16 A
1456 — 165 21 mag BO 1.5 S 3.0 0.48() 0.10(7) 0.79 B
1632 - 199 EF 1.0 S 3.5 0.95@) 0.156) 1.02 A
1924 — 193 Cwd 1.1 PD 2.8 0.634) 0.05(5) 0.99 A
2019 — 202 EF 1.2 S 2.0 0.75(5) 0.02(8) 0.51 B
2023 — 142 EF/20 mag G 1.0 S 2.7 0.35@) 0.306) 1.29 A
2050 — 188 EF 2.1 D 2.6 0.55(6) 0.30(0) 1.02 A
2058179  19.5 mag BSQ? 3.5 S 3.3 0.28(5) 0.20(7) 0.90 A
2243-032  19magBO,G? 3.5 EXT 8 0.72(3) 0.20(8) 0.74 B
2245 - 022 EF 1.25 D 3.5 0.81(2) 0.40(3) 0.60 B
2257 — 048 EF 1.5 S 2.2 0.22(2) 0.35(2) 0.78 B
2335+ 031 18 mag BL Lac 4.3 S 2.0 0.29(4) 0.42(8) 0.75 B
Notes

*EF, empty field; NSO, neutral stellar object; Cwd, crowded field; G, galaxy; RO, red object; Q, quasar;
BO, blue object; BSO, blue stellar object.
t D, Double; S, Single; PD, probable double; EXT, extended.
t Most of the flux in compact component, aboue 15 per cent in 5 arcsec extension in PA 150°.
§ 60 per cent in compact component, remaining in 5 arcsec SW extension.
¢ Scintillating structure is complex.

¥ Number in- parentheses is the number of observations used to derive the value.

61-6
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spectrum sources are extended. But some may appear small either
because they are intrinsically small and/or more distant or
because they are actually large and linear, but seen end-on.
Since 60 percent of the sources are emoty fields to the PSS
limit (see Table 5.2), their redshifts z are probably > 0.5
(Swarup, Subrahmanya & Venkatakrishna 1982). The 6-z (angular
size - redshift) relation for a given linear size starts satu-
rating to a lower 6-limit. by this redshift for the uniform
relativistic world models. Hence the effect of the actual
linear sizes being small at earlier evochs (larger z) (Kapahi
1975a,b) is important in determining the observed angular

sizesk.

Gopal-Krishna, Preuss & Schilizzi (1980) conclude that
nost of the 30 sources detected with VLBI by them at 5 GHz are
doubles seen end-on and that they see flat-spectrum nuclear

cores enhanced by relativistic beaming. Although this méy be

true for the sources 1055+018 (a§326 = 0.14) and 2019-202

(2996
2307

the other sources are steep. This is in contrast to the rela-

0.51) which have flatter spectra, the spectra of all

tively flat spectra normally found in samples of core-

dominated sources (e.g., Kapahi 1981, Perley 1983). It is un-
likely that all the present 30 sources fall into any one
category. By comparing their low and high frequency structures,

we attempt below a general classification of these sources.

To compare meaningfully the IPS and VLBI results, one
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must appreciate the differences in the two techniques. The
size and flux density given by IPS refer to weighted averages
over all the commact comovonents present in the sources; if
there are many compact comnonents, IPS cannot distinguish
between them. Single baseline short duration VLBI, on the
other hand, samples only the structure on the scale of the
fringe spacing FS, so that a unigue source model is not
possible. 1In particular, these VLBI observations cannot dis-
tinguish between a point source (that is a source of size <<FS)

and a source of size < FS.

Our IPS observations show scintillating components of
u 20.17 (Table 5.2) in each of the 30 sources, whereas
Gopal-Krishna, Preuss & Schilizzi (1980) could detect VLBI
correlated flux in only 21 of them. For the remaining nine
they set upper limits of 30 m Jy. They assumed that the detec-
ted VLBI correlated flux came from flat-spectrum nuclear com-
ponents which are unresolved, allowing them to calculate the
core-fraction by assuming that the correlated flux is independent
of FS. The IPS sizes cover a wide range and clearly do not
refer to such small comvonents. This may imply that the IPS
and VLBI components are physically different. However, since
the VLBI fringe svacings cover only a narrow range (making the
VLBI observations essentially single baseline measurements),
it is not clear how valid is the assumption that the VLBI com-

ponents are unresolved.
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To test the possibility that the IPS and VLBI measure-
ments refer to the same structure, we have made the following
calculation. Assuming that the 326.5 MHz compact component

is a uniform disc of diameter y, its visibility is given by
So Jl(ﬂw/FS)/(%ﬂw/FS)

where SO is the flux density of the compact component, taken

US327 and J1 a Bessel function. To eliminate the osci-

llatory behaviour of the visibility, we have, for small FsS,

to be

replaced the Bessel function by the average of its modulus,

which gives us

/2

(4/Z/1°) ) (FS/y) >

5327 WS399

for the predicted correlated flux density for an assumed VLBI
experiment at 326.5 MHz. We have used this formula to estimate
80327 for each source at the Effelsberg-Westerbork VLBI fringe
spacing FS. For four sources, FS was greater than y and the
above formula does not apply. The predicted correlated flux
density was then taken to be US327. A Gaussian model was not

used for the compact component since the model visibility 1is

then very insensitive to py but much more sensitive to .

A plot of So3p7 VS Sc4996 (the VLBI correlated flux at
5 GHz) is presented in Fig. 5.3. The sources for which there
is no VLBI detection are shown as upver limits at Sc4996 = 30mJy.

The plot shows a definite, though weak, correlation, which is
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Table 5.3 % VLBI detections for different ranges of the pre-

dicted 326.5 MHz correlated flux density

S ) range No. of Median Sc327 Percentage VLBI
c-327 Sources detections
(mJy) : E - (mJy)
<20 11 11 45
20 to 80 9 50 78
>80 10 170# 90

) .

# This value equals 10** (median of log S.397
brought out more clearly in Table 5.3 where we have tabulated
the percentage of VLBI detections against the median Sc327 for
<20 mJy, 20 <S8 <80 mJy and

c327 c327
>80 mJy. The table shows that there is a higher fraction

the three ranges S
5327
of sources not <etected by the VLBI experiment where the vredic-
ted SC327 is low. With a more sensitive VLBI experiment, the
points corresponding to undetected sources would only shift to
the left in Fig. 5.3, strengthening the correlation. This
correlation is hard to understand if the IPS and VLBI compvo-
nents refer to different vhysical features with uncorrelated

emission, implving that, statistically, either the VLBI compo-

nent at 5 GHz and the IPS componetn at 327 MHz originate
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in the same physical structure, or, if different, the emi-

ssion from the two features 1s correlated.

A tight correlation between Sc327 and Sc4996 implies a

certain spectral index for the comvact structure. However,
the value of the inferred svectral index devends on the

absolute S values, 1.e., the vertical scale in Fig. 5.3.

c327
We refrain from deriving any such spectral index from Fig.5.3
because (i) the correlation is not tight and (ii) the vertical
scale on which Sc327 values fall is highly model-dependent;
the assumption of different models for the compact component

gave different vertical scales, but the correlation did show

up in each case.

To study further the nature of the comvact components
in the 30 sources, we have divided them into two spectral
classes. Those with steeper svectra ( aggg6 >0.8) are plotted

as crosses (class A) in Fig. 5.3 and the others as dots

(class B). Since almost all the sources in the sample have
steep spectra ( a3336 >0.5), this division at ué??G 0.8 has

been made only to see general trends. Examining the properties
of the two classes (see Table 5.4) we find that: (i) of the

11 sources in class B, nine were detected with VLBI in con-
trast to 12 out of 19 for class A. In addition, of the four
sources detected by VLBI from those with SC327 <20 mdJy, three

are in class B. This higher VLBI detection rate for class B
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Table 5.4 % VLBI detections and % optical identifications
for the two spectral classes
% VLBI . .
Spectral class No. of srcs detections 3 op.ids.
4996
Ac: %557 >0.8 19 63 16
. 4996
B: “ 357 £0.8 11 82 55
(but > 0.5)

suggests that the spectrum is less steep due to a large contri-
bution from a relatively flat-spectrum compact comoonent. (2)
Six sources are optically identified out of the 11 in class B
(rate 55 percent) compared to only three out of the 19 of

class A (16 percent). This is consistent with the high frac-
tion of identified flat-svectrum sources in high-frequency

catalogues (see e.g. Wall, Shirmins & Merkelijn 1971; Pauliny-
Toth et al. 1972). (3) The mean value of @3236 is virtually
the same for the sources of class A which were detected with
VLBI (mean 1.01) and those not detected (mean 1.04). If the
VLBI detections referred to sources with flat-spectrum compo-
nents, the mean spectral index would be exvected to be lower.

All of these points suggest that this break up of the sample

is physically meaningful in that sources of class B probably
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have stronger flat-spectrum compact components which are

absent or weak 1n class A.

The compact comnonents in class A sources could be
either hotspots in outer lobes of doubles (see section 1.3) or
compact steep-spectrum cores as found in many normal gala-
xies and low luminosity radio sources (Bridle & Fomalont 1978),
powerful extended radio sources like 3C 236 (Strom & Willis
1980) and active galaxies such as Seyferts (Wilson 1982), all
of which have sizes of the order of a kilopmarsec. It should
be noted here that what were called steep-svectrum cores have
in some cases been resolved into jets and knots in jets (cf
Phillips & Mutel 1981, Wilkinson 1982) or small scale doubles
(Phillips & Mutel 1981). (S5ee also van Breugel et al. 1984).
We use the term 'steep-spectrum cores' to denote how these
would appear at a coarser resolution such as ours. Assuming
a typical redshift of =0.3 (Goval-Krishna, Preuss & Schilizzi

1980), a kiloparsec translates to an angular size of -~0.2

arcsec (in the Einstein-de Sitter cosmology with HO=50 km/s/Mpc) ,

similar to the sizes measured by IPS. The structure of hot-
spots can be guite complex, with features as small as 150-

300 pc at the outer edges (Dreher 1981; Barthel 1983). Thus,
while IPS would tend to show the overall size of the hotspots,
VLBI would see the more compact features. The relatively
weak correlation between Sc327 and Sc4996 (Fig. 5.3) then

probably indicates that the fractional flux density and size
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of the fine structure in the hotspots vary from source to
source. Although most of the sources are not found from
lunar occultations to be double, it is possible that, with
better resolution, a substantial fraction may turn out to be

doubles or jets or knots in jets.

As said earlier, of the 11 sources in class B
4996 4996
( @357 <0.8), two have A 357 < 0.5 and are probably flat
spectrum cores. For the other nine, the (relatively) flatter

spectra could be partly due to such cores and partly due to

the flatter spectrum of the youngest hotspots (section 1.3).

In conclusion, sources selected as having sizes of a
few arcseconds at metre-wavelengths emit about half their flux
from fine structure ~0.2 arcsec at metre-wavelengths, and
show much finer structure still at centimetre-wavelengths.

The fine structure at high and low frequencies probably relate
to the same physical feature. For about two-thirds of the
sources the fine structure ﬁ;obably originates either in
hotsvots or in steep-spectrum kiloparsec cores, and for the

remainder it originates in flat-spectrum compact components

or the youngest hotspots.

5.4 AN UNBIASED SAMPLE OF 90 OOTY OCCULTATION RADIO SOURCES:
OBSERVATIONS The method of IPS has given information on the
metre wavelength subarcsec structure of extragalactic radio

sources for over one and a half decades. The three major

(... 5-35)
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Table 5.5 Observation log for the 90 sources

Source Date sine et g2t Date sing p2 T P2 T
1 2 3 4 5 6 7 8 9

0045+076 15.03.82 0.344 21.03.82 0.245
28.03.82 0.130 Nonscintillating

0054+078.2 13.03.82 0.408 v v 16.03.82 0.360 v y
21.03.82 0.278 y y 26.03.82 0.195 Y y
28.03.82 0.162 y 30.03.82 0.128 y

0054+090 16.03.82 0.370 v y 21.03.82 0.289 y Y
26.03.82 0.207 vy y 28.03.82 0.174 4
30.03.82  0.142 y

0146+133 12.04.81 0.144 V% 13.04.81 0.127
04.04.82 0.280 Y vy 10.04.82 0.181 Yy

0153+136 09.04.81 0.220 Y Y 08.05.81 0.272 v Yy
06.04.82 0.274 \ Y

0156+126 13.04.81 0.156 3% 03.05.81 0.183 y
06.04.82  0.277 y y 10.04.82  0.211 v ¥
04.05.82  0.195 y y

0156+136 12.04.81 0.183 v 10.05.81 0.291 v v
06.04.82  0.286 y y 10.04.82  0.220 y v
05.05.82 0.206 v v

0200+130 08.04.79 0.267 Y v 12.04.81 0.193 Y v
03.05.81 0.163 y 10.04.82 0.230 v y

02024149 Observed extensively by Pramesh Rao (1975) in 1971.

0206+136 13.04.81 0.203 03.04.82 0.371 Yy N4

0215+151 13.04.81 0.245 Y vy 19.04.81 0.146
10.04.82 0.298 12.04.82 0.266 Yy Yy
18.04.52  0.166 y

02324150 13.04.81  0.310 y y 19.04.81  0.211 y y

0237+154 09.04.81 0.394 Yy Y 19.04.81 0.232 Yy v
22.04.82 0.186 V% 25.04.82 0.136

0309+175 19.04.81 0.366 Yy y 26.04.81 0.253 3% vy
22.05.82 0.178 Yy

0312+180 19.04.81 0.376 26.04.81 0.263
22.05.82 0.167 23.05.82 0.184
Nonscintillating

0325+180 26.04.81 0.314 y y 07.06.81  0.378 y y
04.05.82 0.188 y 25.05.82  0.165 y

0342+199 26.04.81 0.385 y Y 03.05.81 0.273 Y y
07.06.81 0.306 v Y 07.05.82 0.212 v Y

0343+184 03.05.81 0.273 y 28.05.82 0.143
29.05.82 0.159 30.05.82 0.175

Nonscintvillating?

contd....
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Table 5.5 contd...
1 2 3 at 51 6. 7 gt ot

03594193 03.05.81 0.337 07.06.81 0.243
14.06.81 0.355 v 30.05.82 0.109
02.06.82 0.158 y 04.06.82 0.191 y v
05.06.82 0.207 11.06.82 0.303 Y y

0429+201 07.06.81 0.122 14.06.81 0.235 y v
24.06.81 0.392 v v 09.05.82 0.365 3% vy
06.06.82 0.102 11.06.82 0.183 v
13.06.82 0.215 y Yy

0436+203 14.06.81 0.208 12.05.82 0.344 y v

0453+205 12.06.81 0.111 y 14.06.81 0.143 v
24.06.81 0.303 y v

0512+209 24.06.81 0.227 v v

0513+198 24.06.81 0.231 v ¥ 04.06.82 0.123 %
16.06.82 0.105 v

0708+184 14.06.81 0.408 15.07.81 0.124
Nonscintillating

0736+167 24.06.81 0.370 Y v 03.07.81 0.233 3%
11.07.81 0.120 y 22.07.81 0.127 v
25.07.81 0.168 v 30.06.82 0.282 v
02.07.82 0.252 %

0746+162 24.06.81 0.406 v v 22.06.81 0.346 3% 3%
03.07.81 0.270 y v 11.07.81 0.152 v
24.07.81 0.122 y

0748+164 28.06.81 0.353 v y 04.07.81 0.261 v v
11.07.81 0.156 25.07.81 0.125 3%
27.07.81 0.152 y 10.07.82 0.175 v
13.07.82 0.133 y

0806+152 03.57.81 0.349 y v 15.07.81 0.169 V4
07.07.82 0.292 Y v 10.07.82 0.247 v V%

0852+124 15.07.81 0.353 29.07.81 0.144 V%
23.07.82 0.235 v v 25.07.82 0.205 v Y

0853+121 12.07.81 0.402 v v 20.07.81 0.282 % v
22.07.81 0.252 3% y 25.07.81 0.207 % \

0912+105 22.07.81 0.332 y 03.08.81 0.156 v
27.07.82 0.261 v v 31.07.82 0.201 v y

0914+103 22.07.81 0.339 03.08.81 0.163
Nonscintillating

0915+099 20.07.81 0.378 y 22.07.81 0.348 v y
25.07.81 0.303 Yy y 29.07.81 0.244 v 3%
03.08.81 0.172 v

0925+092 22.07.81 0.386 v y 25.07.81 0.341 y 1%
29.07.81 0.281 v Y 03.08.81 0.207 Y y
06.03.82 0.168 ' Y 22.08.82 0.16l y

contd....
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1 2 3 at st 6 7 st of
09324089 22.07.81 0.413 y y 25.07.81 0.369
29.07.81 0.308 Yy 03.08.81 0.233 y
10074062 11.08.81 0.253 y y 15.08.81 0.193 Y y
18.08.81 0.150 y
1033+038 18.08.81 0.254 y 26.08.81 0.137
22.08.82 0.197 Nonscintillating?
10394035 11.08.81 0.387 15.08.81 0.326
26.08.81 0.158 Nonscintillating
1150-036 06.09.81 0.291 13.10.81 0.348 Yy 3%
12.09.82 0.201 Yy Yy 09.10.82 0.280 Yy Y
13.10.82 0.344 y y 16.10.82 0.391
1201-041 18.09.81 0.143 Y 18.10.81 0.381 y
12.09.82 0.242 y y 16.09.82 0.178 y
15.10.82 0.329 y y
1220-059 22.09.81 0.160 18.10.81 0.300 \%
21.10.81 0.348 y Y 23.10.81 0.380
19.09.82 0.212 Y Y 25.09.82 0.119 Yy
1232-064 15.09.81 0.318 18.09.81 0.270 v v
22.09.81  0.205 v v 25.09.81  0.157 y
18.09.82 0.274 Yy Yy 25.09.82 0.161 y
1244-079 15.09.81 0.372 29.09.81 0.148
25.09.82  0.216 y y 26.09.82  0.200 y y
1246-081 15.09.81 0.380 v y 29.09.81 0.155
26.09.82 0.208 Y Yy 29.09.82 0.160
1249-086 15.09.81 0.397 29.09.81 0.173
29.09.82 0,177 y Nonscintillating?
1256-092 30.09.81 0.185 03.10.81 0.137
30.09.82 0.189 Yy Nonscintillating?
1322-116 06.11.80 0.345 07.11.80 0.361 Yy Yy
22.09.81 0.423 25.09.81 0.376 y y
08.10.81 0.166 v 02.11.81 0.275 v y
07.11.81 0.357 y y 09.10.82 0.154 y
1339-121.1 27.09.81 0.409 v y 30.09.81 0.362 y y
04.10.81  0.297 y v 09.10.81  0.215 v y
02.11.81  0.203 v v 09.11.81  0.320 y v
16.10.82 0.102 v
1343-124 10.11.80 0.323 y 27.09.81 0.426
30.09.81 0.379 05.10.81 0.299 Yy
14.10.81 0.149 Y 09.11.81 0.302
11.11.81 0.335 y 1% 24.11.82 0.536
30.11.82 0.622 3% y

contd.is
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1344-127 10.11.80 0.320 y vy 05.10.81 0.303 y vy
10.11.81 0.315 vy y 13.11.81 0.365 y y
17.10.82 0.108 y 06.11.82 0.244 y vy
07.11.82 0.261 y vy 24.11.82 0.533 y vy
30.11.82  0.619

1348-129  06.11.80 0.237 y v 07.11.80 0.254 v vy
05.10.81 0.318 y vy 08.10.81 0.269 y y
10.11.81  0.299 y y 20.11.81 0.461 y y
21.11.81 0.477 vy y 24.11.81 0.522 vy y
27.11.81 0.567 y y 29.11.81 0.596 vy y
02.12.81 0.637 y vy 05.12.81 0.677 y vy
07.12.81 0.703 y vy 12.12.81 0.763 y v
17.10.82  0.123 y 06.11.82 0.228 y v

1416-156  16.11.80 0.283 y g 23.11.80 0.398 y vy
09.10.81 0.374 y v 21.10.81 0.177 v
23.10.81  0.143 30.11.82 0.500 vy vy
06.12.82  0.589

1422-150  25.11.80 0.409 vy 25.10.81  0.128
24.10.82  0.149 v

1426-161  22.11.80  0.340 25.11.80  0.389
25.10.81 0.151 Nonscintillating

1429-154  22.11.80 0.334 vy g 25.11.80  0.383
25.10.81 0.155

1434-155 25.11.80 0.364 y y 27.11.80 ©0.397 y y
25.10.81 0.175 28.10.81  0.123

1445-161 16.11.80 0.165 v 22.11.80 0.268 y vy
25.11.80 0.319 y vy 27.11.80 0.352 y v
25.10.81  0.222 y 30.10.81  0.136 v

1452-168  22.11.80 0.239 y vy 27.11.80  0.323 v
30.10.81 0.166 y 20.11.81 0.200 y vy
31.10.82 0.154 v 03.11.82 0.102 y

1456-165 23.10.80 0.295 vy v 24.10.80 0.279 vy vy
95.10.80 0.262 y y 26.10.80 0.245 y vy
31.10.80  0.160 y 22.11.80 0.224 y
26.11.80 0.292 vy v 31.10.82 0.169 .
06.12.82 0.448 vy y 15.12.82 0.584 y v

1522-188 05.11.80 0.187 v 19.12.80 0.556 vy
31.10.81 0.293 y v 06.11.81 0.174 ¥
28.11.81  0.211 y 01.12.81 0.262 y vy
08.11.82 0.144 v 20.12.82 0.563 y

1548-199 15.12.80 0.400 y y 19.12.80  0.464
10.11.81  0.210 09.12.81  0.295 vy
12.11.82 0.180 y

contd....
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