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Abstract

A considerable number of Very Long Baseline Interferomég¥i,Bl) surveys have been conducted in the
northern hemisphere and very few in the southern hemisphestly because of a lack of telescopes and
therefore adequate baseline coverage. Thus there is a défialibrator sources in the southern hemisphere.
Further, some of the most interesting astronomical obggtshe galactic centre and the nearest galaxies (the
small and large Magellanic Clouds) lie in the southern hphise and these require high resolution studies.
With a major expansion of radio astronomy observing cajigloih its way in the southern hemisphere (with the
two SKA (Square Kilometre Array) precursors, meerKAT (Kawarray Telescope) and ASKAP (Australian
SKA Pathfinder), leading to the SKA itself) it is clear thatidrferometry and VLBI in the southern hemisphere
need a dense network of calibration sources at differentugns and a range of frequencies. This work seeks
to help redress this problem by presenting an analysis od@thern sources to help fill the gaps in the southern
hemisphere calibrator distribution. We have developed Hi4parameter method of classifying these sources
as calibrators. From our sample of 31 sources, we have 2 Alassirces (Excellent calibrators), 16 class B
sources (Good calibrators), 9 class C sources (Poor cailsjand 4 class D sources (Unsuitable calibrators).
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Chapter 1

Introduction

1.1 Background

High angular resolution radio astronomy is done using fatemeters. These require calibrators, for correction
of systematic effects and effects of the atmosphere on tlasuned visibilities. Atmospheric fluctuations cause
perturbations in visibility phase which, if not correctsdyiously limit both the sensitivity and image quality of
an interferometric array. Due to the limited number of tetgees, and therefore baseline coverage, few surveys
for calibrators have been carried out in the southern hdmispand hence, there are fewer calibrators in the
south.

There is an expansion of radio astronomy observing capabili the way in the southern hemisphere with
the two SKA (Square Kilometer Array) precursors, meerKAR(B0 Array Telescope) and ASKAP (Australian
Square Kilomter Array Pathfinder), leading to the SKA itselfhis will make the need for calibrators in
the south more acute. Currently, the method of correctimtug®ations in the visibilities involves periodic
observations of a nearby calibrator. Self-calibration & be used but is limited to very bright sources and
it only removes antennas-based errors. Also, for smalyar@significant fraction of the phase and amplitude
information cannot be recovered and information about labs@osition is lost.

This project was begun with the aim of looking for calibratan the south, with the SKA and the South
African meerKAT as drivers. These new instruments will gseaxpand the VLBI capabilities in the south
and most of this expansion will be at lower frequencies, behés study at 2.3 GHz. A significant amount
of time was spent doing background work on surveys done isol¢hern hemisphere. Some of the surveys
looked at include the VLA sky survey at 1.4 GHz, the Parkesy8uand the Molonglo Survey but none of
these are VLBI surveys. While several surveys have beeredaott in the northern hemisphere, including
but not limited to, the VLBA calibrator Survey 1- 6 (Beasleyat, 2002; Fomalont et al., 2003; Petrov et al.,
2005, 2006; Kovalev et al., 2007; Petrov et al., 2008) andrsdsurveys to densify the International Celestial
Reference Frame (Fey & Charlot, 1996, 1997, 2000), very féBN\surveys have been carried out in the
southern hemisphere. Some of the VLBI surveys that have ¢eeied out in the southern hemisphere include
the C-Band Southern Hemisphere VLBI Survey of Compact R&diorces (Shen et al., 1997, 1998a) and



Observations of Southern ICRF sources at 8.4 GHz (Ojha @04, 2005). The figure 1.1 gives a good
illustration of the lack of calibrators in the southern hepfiere.

Sky source density

Calibrators only. IVS and VCS1-4.

Density scale — number of sources in a disk with radius 4°

[ [ [T
] e ¥ 8 >

1 2 2 4 &

Figure 1.1: Sky distribution of calibrators from the VLBA I&aator Survey. Note the lack of a dense network
of calibrators in the south (Petrov et al., 2006).

Hartebeesthoek
AT-LBA

Figure 1.2: Global distribution of VLBI stations, note tteek of telescopes in the southern hemisphere. Taken
from http://www.hartrao.ac.za

An ideal calibrator would look the same to all observing antes on all baselines. It should be bright,
compact, unresolved and should not vary. A calibrator svshould also be separated from the target sources
by as small an angle as possible. Therefore, it is desiralitave calibrator sources evenly distributed across
the whole sky.

In practice, at radio wavelengths, the primary flux calibratare mostly powerful radio galaxies, Active
Galactic Nuclei (AGN), which exist at the centre of about 18%all galaxies. There are several types of
AGN but they can be grouped into radio-loud and radio quieNABadio quiet AGN include LINERs, Seyfert
Galaxies and Radio Quiet quasars. The radio loud AGN indBldears, Radio Loud Galaxies and Radio Loud
Quasars and their fundamental source of power is believied &zcretion of matter onto a super-massive black



hole.

Radio loud AGN, in particular quasars, are known to vary atvalvelengths at which they have been
studied. Early in the study of AGN physics, it was discovetteat quasars vary significantly on timescales as
short as a few days leading to the interpretation that thiatiad must come from a region of size the order of
light days. This means that you have a body the size of the sp&tem radiating hundreds of times as much
energy as an entire galaxy, making quasars some of the ésigtsidio objects in the sky. So, despite the fact
that they vary, quasars are some of the most compact of AGBY &te also well distributed around the sky
and because they are very distant objects, they have staditeops in the sky. All these qualities make quasars
the AGN of choice when looking for calibrators.

As mentioned before, this work seeks to characterize atgmbeaf southern radio sources, and determine
their suitability as calibrators for southern VLBI expegnts, especially ones using MeerKAT and the SKA.
In particular, 1 will determine the amount of source struetand its variation, as well as the amount of flux
density variation in order to determine suitability of easha calibrator.

1.2 The Square Kilometre Array

1.2.1 The SKA

The SKA project was born as an international project and t@smwere invited to put in bids to host the
telescope. In 2006, South Africa and Australia were shsigdl as hosts and both countries began to work on
demonstrator telescopes for SKA. Australia is working orKA® and South Africa is developing meerKAT.
These two telescopes will have much shorted baselines angftine less resolution than the SKA but the plan
is that they will contribute towards the development of tiA%nd the proposed sites.

With a receiving area of one million square metres, the SKAIva the largest telescope ever (Carilli &
Rawlings, 2004). It will be an interferometric instrumeritiwmany small antennas. Some antennas will form
a dense inner core and the other antennas will be furthet aparou move away from the centre. About
20% of the collecting area will be within a 1 km diameter an@®@ithin a 5 km diameter. 75% of the total
collecting area will be within 150 km and maximum baselinél lve at least 3000 km from the array centre
giving an angular resolution of 0.02/f GHz arcsecond. It is expected to operate in the frequenayeran
70 MHz to 25 GHz. It will have simultaneous independent obiserbands, with 2 polarizations at each of the
two independent frequencies. A dynamic range-afo® and image fidelity of> 10* between 0.5 and 25 GHz,
over a declination range of 913 planned.

Key Science Projects

Originally, the SKA was to detect HI in normal galaxies athhigdshifts but due to developments in other
branches of astronomy, the SKA is now expected to answetiqnesanging from the the origin and evolution

of cosmic magnetism, galaxy evolution and cosmology to ’igtence of other life-forms. Below, are some of
the SKA key science areas.



i) Epoch of Reionisation: The low-frequency SKA is expected to probe the Dark Ages ardepoch of
reionisation. Imaging neutral hydrogen is expected to gigemost direct probe of the transition of the
inter-galactic medium from a neutral to an ionised state.

if) Cosmic Magnetism: The SKA will track the origin and evolution of magnetic fielas galaxies by
measuring Faraday rotation towards large numbers of baakgrsources.

iii) Cradle of Life: The SKA will provide sufficient sensitivity to search for poétic molecules and maybe
‘leakage’ of radio emissions from nearby extraterrestidlizations.

iv) Strong field tests of Gravity: Many of the current tests and attempts at detecting grawitalt wave
emission rely on just a few known pulsars. The SKA will condadwo-pronged program that will
first discover new pulsars and then do high-precision timmgrobe fundamental physics (Cordes,
2009). The SKA will, among other things, survey the Galaxghvtihe aim of increasing by an order of
magnitude, the number of millisecond pulsars and neuterbétary systems suitable for further timing.

v) Cosmology and Galaxy Evolution: The original driver for a collecting area of 1 Kmvere studies of
the 21-cm hyperfine transition of HI over cosmological dists. The ultimate goal is to have surveys
analogous to optical surveys like the Sloan Digital Sky 8yf6DSS) but unaffected by dust obscuration
(Myers, 2009).

The relationship between AGN and Star Formation is not dbeiaiboth are known to evolve, reaching
a peak at: ~ 2. The SKA is expected to answer questions about when the faissire black holes
formed, whether it was before or after the first galactic s@dsemblies of stars (Putman, 2009). It
is also expected to show the role of jet feedback by obsenstdf radio synchrotron emission from
both supernovae and massive blackhole accretion. The Skitsiunique combination of sensitivity
and resolution will also allow, for the first time, the study‘normal” galaxies and radio-quiet AGN at
cosmological redshifts.

vi) The Dynamic Radio Sky: Most instruments in astronomy become famous for findingerdtian what
they were designed for and the SKA is not expected to be amptroe The promise of the SKA for
exploring the dynamic radio sky is threefold: (1) Its higmsi&ivity and large area of view will enable
complete surveys over large portions of the sky. (2) Both &ind continuum surveys offer a natural plat-
form for synoptic operation to cover the sky repeatedly; @)atomputational and algorithmic advances
will enable observations to achieve multiple science gfiagio, 2009; Kellermann, 2009).

1.2.2 meerKAT

The new South African radio telescope meerKAT will be thgéet radio telescope in the Southern hemisphere
when completed. meerKAT is scheduled for completion by tieea 2012, the first phase of construction has
already begun. meerKAT is planned to have 80 dishes, eadaroider 12 m, and it will be located in the Karoo
radio protected, radio-quiet zone in the Northern Capeipoavof South Africa. The working specifications
are listed in Table 1.1. As well as being a significant radieseope in its own right, meerKAT will serve as



a pathfinder for the SKA, and will also serve as a sensitiveetd in global and southern hemisphere VLBI
arrays.

Specifications Reference Design
Feed Single-pixel wide-band
Lower Freq 500 MHz

Upper Freq 10 GHz

Dish Diameter 12m

Number of Dishes 80

Toys 30K

Min Baselines 20m

Aperture Efficiency 0.7
Correlator architecture FX

Table 1.1: meerKAT specification. Table adapted from JoR@67Y).

In particular, meerKAT will have baselines up to 80 km (Bqgthvate communication) and will operate
at frequencies up to 10 GHz. The maximum resolution of me@rKA its own will therefore be on the order
of 100 milliarcseconds, giving a maximum resolution of grdtbased VLBI arrays including meerKAT at, for
example, 2.3 GHz, will be a few milliarcseconds. The sournesxisting calibrator lists, such as the ATCA
calibrator list, might all be heavily resolved at these hesons, and therefore no longer suitable to use as
calibrators. It is important therefore, to examine potartalibrator sources at higher resolution, which is the
aim of this thesis.

1.2.3 ASKAP

The Australian SKA Pathfinder (ASKAP) will comprise 36 12mtexmas. It is designed to be high speed
survey instrument with a high dynamic range. It will have imaxm baselines of about 6 km. ASKAP will be
located in western Australia with construction due to statate 2009. The full ASKAP is planned to be fully
operational by 2013.

1.3 Interferometry and Very Long Baseline Interferometry

1.3.1 VLBI

The 31 selected sources were observed using the technigfeeydfong Baseline Interferometry (VLBI). This
technique uses a number of antennas that are not physioalhected to look at astronomical objects. It has the
advantage of much higher angular resolution relative tglsidish telescopes and connected interferometers.
When using VLBI, data is recorded on tape recorders or diskgpand then correlated before it is avail-
able to the astronomer. Because there is no direct link kegtwiee antennas, they can be placed just about
anywhere on earth or in space, allowing baselines of up t@asater than (using an antenna space eg. VLBI
Space Observatory Programme 2 (VSOPZ2) the diameter of ttie et centimetre wavelengths, this yields



milliarcsecond resolution, giving VLBI instruments thghest resolution for any telescope in astronomy. The

Figure 1.3: Schematic diagram showing a two-element iatenfieter.

Figure 1.4: Schematic diagram showing playback of data feanh telescope in a VLBI array. Atomic signals
recorded with the data help to synchronise the playbacktaffdam the different telescopes.



technique of VLBI was primarily developed for studies of gaes and radio-bright galaxies. By the mid-60s, it
was obvious some radio sources had features of small argjmé&athat could not be resolved by conventional
connected element interferometers. The variation timesa# some of the radio sources provided an indi-
cation of the angular size of the objects in question. A graughe University of Manchester developed the
technique of radio linked interferometers. This technifad a natural limit of about 100 km. After increasing
the baseline of the interferometer to this distance, thep tlaised the operating frequency from 158 MHz to
408 MHz. It became obvious that in order to observe and ctexiae the structure in radio sources in much
greater detail, even longer baselines were necessarhwdgaired a move from the radio link to tape recorders
and much later to disk packs. Recording data at each stationtp correlation required local oscillators with
sufficient time stability to maintain the phase relatiopdhetween the elements of the VLBI instrument. Tech-
nical developments in the mid-60s made this possible with fnequency standards. Most stations now use
hydrogen masers which have a time stability of about 1 pakolf.

VLBI uses non-connected antennas to look at radio-objectkeé sky. Because there is no link between
the antennas, the data is recorded on either tape recordékopacks and processed at a later stage. Along
with the data, time stamps are also written and are usedt@a®mchronise the data streams and allow them
to be correlated with the proper time alignment. Most stetiose a hydrogen maser as a clock for short term
stability and synchronisation via the GPS satellite sydtmmnong term stability.

A correlator predicts delay for a given baseline and synmuises the recorded data during playback. In order
to detect “fringes”, signals from the same wavefront haugetoorrelated to each other. The correlator generates
a correlation function for each pair of antennas which igaly comparable to the complex visibilities of a
‘normal’ connected element interferometer.

Because the data come from different telescopes, theredtoecalibrate the data to correct for telescope
sensitivity, system temperature, gain, correlator effeictstrumental phase, ionospheric and tropospheric ef-
fects. This is described in chapter 3.

1.3.2 The Very Long Baseline Array (VLBA)

Observations of the sources studied in this thesis were msidg the Very Long Baseline Array (VLBA) as
the core for all observations together with a global arragmitennas. The VLBA is a VLBI array, primarily
designed as an imaging instrument.

With 10 identical 25-m antennas situated in different laa in the United States of America, the telescope
has a resolution of about 1 milliarcseconds (mas) allowiatpitbd analysis of parsec scale extra-galactic
objects like AGN. It is the only interferometric instrumentthe world that was built solely for the purpose of
VLBI. On the longest baselines (Mauna Kea in Hawaii to St.iCimthe US Virgin Islands), the VLBA spans
more than 9000 km. The location of the antennas were chos@pfitnumu-v coverage.

A wide range of receivers covering frequencies from 300 M&l23 GHz are installed on the antennas
to make it possible to do different kinds of science. The VLBaAs smaller antennas compared to those
traditionally used for VLBI e.g., Greenbank (100 m), Medg&i(32 m), Tsukuba (34 m) and so care was taken
to compensate for sensitivity limitations. The antennastmhigh-gain shaped design with an efficiency of
about 70% compared to about 50% common to most large VLBhaat®e This makes it possible to do short
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Figure 1.5: The 10 antennas of the VLB#aurtesy:http://www.vlba.nrao.edu

scans and to observe weak sources (Napier, 1995).

All the antennas have an alt-az mounting. The antennas aley fapidly 90 per min in azimuth and 30
per min in elevation , making it ideal for geodetic and astetnin observations used by the RRFID. The VLBA
can observe up to 8 different frequencies in a quasi-simetias manner. 2 frequencies (S and X-band) were
observed simultaneously for the data used in this thesis.



Chapter 2

Active Galactic Nuclei (AGN)

AGN make good calibrators and they have been instrumentihiing the development of VLBI. This chapter
looks at AGN in detail, their properties, classification @mlission mechanisms.

The optical identification in 1963 of radio sources 3C273n{Biclt, 1963) and 3C48 (Greenstein, 1963)
ushered in a new era in extra-galactic astronomy. It prove@xistence of an energy source that produced more
energy than an entire galaxy yet had a star-like appeardmater discoveries showed that these radio sources
were in fact radio galaxies and the star-like appearancaedwaso the existence of energetic phenomena at the
central region or nuclei of these galaxies. Radio galaxiessame of the most energetic and largest galaxies
in the universe. They form a sub-class of active galacti¢ei(dGN) which are powerful sources of radiation
and which exist in the centre of abold% of all galaxies. Their luminosities range frarg*® ergs—! to 1047
ergs—'. The term AGN is generally used to describe both the cerggibn and the galaxy hosting the AGN.

2.1 Properties of AGN

AGN are known to exhibit the following properties:
i) They are very small in angular size.

ii) AGN have high luminosities, comparable to or greatenttzat of an entire galaxy (ranging frohf to
10* times the luminosity of a normal galaxy).

iif) AGN are known to be bright at almost all wavelengths tieywe been observed.

iv) AGN are known to have very prominent emission lines whach very different to those of most stars
and galaxies whose lines are very weak and mostly in absorpti

v) Most AGN are weakly polarised but abouit’ of them are strongly polarised. The polarisation is mostly
linear with typical fractional polarisation of a few per¢erCircular polarisation has been detected in
AGN at levels typically less than a percent (Wardle et al98)9

vi) Variability, AGN are known to vary at almost all wavelethg at which they have been observed.



2.2 Classification of AGN

AGN can be classified into radio-loud and radio-quiet AGN oAbl 0% of AGN are radio-loud with the rest
being radio-quiet. Radio-quiet AGN include LINERs, Seyfgalaxies and radio quiet quasars. Radio-loud
AGN are made up of radio loud quasars, blazars and radioigalaill AGN are characterised by very high
luminosities which cannot be attributed to stars (Curraal.e2000). Seyfert galaxies and quasars form the two
largest subclasses of AGN, the fundamental differencedsstvthem being the amount of radiation emitted by
the most central region. Seyfert galaxies have a quasanlikieus but the host galaxy is clearly detectable
whilst quasars have a star-like appearance.

2.2.1 Radio-quiet AGN
Seyfert Galaxies

Seyfert galaxies, are named after Carl Seyfert who diseavérem in 1943. He was the first to see that
these galaxies were similar and formed a distinct class.o&trall Seyferts are spiral galaxies. They are low
luminosity galaxies i/ > —21.5 + logH,) and are found in the local universe. The original definiticas

primarily morphological (Seyfert, 1943) but now Seyfertay@es can be classified into two groups, based on
the absence or presence of broad bases on the permitted timairi spectra, (Khachikian & Weedman, 1974).

e Seyfert 1 galaxies have two sets of emission lines (broasklend narrow lines) superposed on one
another. The broad lines come from high electron densitypnsgwhich are relatively close to the core
and are seen in permitted lines only. They have widths of §3®0 kms—1!.

e Seyfert 2 galaxies have only one set of emission lines ( ndin@s) present. They display both permitted
and forbidden emission lines. The have widths betwi@®nr- 1000km s~! and arise from the low density
ionised gas relatively far from the core. Weak broad linestizeen detected in some Seyferts that were
originally thought to be Seyfert 2s, making the distinctlmetween Seyfert 1 and 2s blurred. In order
to account for this, scientists believe the different pietupresented by Seyferts depends on whether
the galaxies are seen axis-on or not and that there is justypeeof Seyfert galaxy (see section on the
Unified Scheme).

LINERs

LINERs are the most common type of AGN. They are low-ion@atmuclear emission line region galaxies.
They are spectroscopically similar to Seyfert 2 galaxieshiawe stronger low-ionisation lines. They usually
contain a compact core similar to that seen in radio galaielsquasars but it is much weaker.

2.2.2 Radio-loud AGN
Quasars

Quasars are defined as objects with broad emission linesrantisolute magnitudé/pz < —23. At radio
wavelengths, they can can have both a compact and extendgzboents. The position of the compact com-
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ponent is often coincident with that of an optically idemtifiquasar. The extended component is made up of
twin lobes on either side of the nucleus and is linked to thagact component by tightly collimated emission
jets. The extent of these lobes can range from a few parsses¢oal megaparsecs in giant radio galaxies. The
lobes can be classified into two classes, FR | and FR II, depgrah luminosity and morphology (Fanaroff

& Riley, 1974). Although the initial classification was bdsen the ratio of the distance between the brightest
components on either side of the nuclei (galaxies with @ r@fti< 0.5 were put into class 1 and those with a
ratio greater than 0.5 were put in class 2), it turned outdhelliminosity galaxies were found in class 1 whilst
the high luminosity galaxies generally fell into class 2.
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Figure 2.1: VLA map of FR-I galaxy M84 at 4.9 GHz. (Laing & Bléd 1987)
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Figure 2.2: A VLA map of FR-Il galaxy 3C 47 (Bridle et al., 1994
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FR-I sources are generally weaker radio sources with a vegittcore component and they show an edge-
darkened morphorlogy. Jets are detected in a large fraofi6iiR-1 sources. These can begin as single lobes
close to the centre of the galaxy but they become double siddatontinuous, a few parsecs from the core.

FR-1l sources have edge-brightened lobes and very faisomith one or more hot spots at the outermost
edge of the lobes. The jets have small opening angles anceaezally one-sided. This one-sidedness occurs
from milliarcsecond scales to up to kiloparsec scales.

Quasars are distinguished from Seyferts by the fact thegemerally unresolved in Palomar Sky Survey
Photographs ie they are very compact, making them idealseas calibrators.

Radio Galaxies

Like Seyferts, radio galaxies are classified based on thassgon lines. There are two types of radio galaxies;
broad-line radio galaxies (BLRGs) and narrow-line raditages (NLRGs). Unlike Seyferts that are generally
hosted by spiral galaxies, radio galaxies are generallieddsy giant elliptical galaxies.

Blazars

Blazars are radio-loud AGN that display very strong andalae continuum emission at all wavelengths. They
comprise BL Lac Objects (named after the prototype, BL Liegrand Optically Violent Variables (OVVs).
Their variation is very rapid and large compared to ‘normdgbN eg Am > 0.1 mag in the visible spectrum.

2.3 Emission Mechanisms

AGN have been detected in all wavebands, from x-rays, thrdlig optical and into the radio. Radio emission

is thought to come from both thermal and non-thermal prasdsremsstrahlung and synchrotron radiation
respectively. The total emission from the galaxy comes fatiremission processes but synchrotron emission
makes up by far the largest fraction of the total radio erissiNo other emission mechanism can compete
with synchrotron emission in producing polarised emisgntie radio regime.

2.3.1 Synchrotron Emission

Synchrotron radiation was first suggested by A& Herlofson (1950) as the emission mechanism responsi-
ble for the very bright radio emission. ABn & Herlofson (1950) proposed that “the nonthermal radiais
emitted by relativistic electrons moving in intricatelyntded magnetic fields of extended coronas believed to
surround certain kind of stars”. In 1963, Oke (1963) noted the energy distribution from spectrophotometry
results did not resemble a black body and inferred a conioibdirom synchrotron radiation. The justification
for the identification of synchrotron emission as the med@rarresponsible for radio emission is that it nat-
urally produces polarised emission and this has been aixddov almost all AGN. Synchrotron emission is
produced as a result of helical motion of a relativistic &lat, of chargee and massn, moving at a velocity

v in a magnetic field of strengtB. The acceleration of the charge is always perpendiculdneadield. The
frequencyy, of the projected orbit on a plane normal to B, is
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wherey = (1 — v?/c?)~'/? andc s the speed of light. The emitted pow®ris given as:
2 5 09 952 - 2 e?
P = -r;cf°v*B*sin“0, r,=— (2.2)
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whereg = v/c. In radio astronomy, we observe radiation from an ensemfidéectrons. For a homogeneous
and isotropic ensemble of electrons with energy densityidigion N(£)dE, the total power emitted by the
electrons as a function of frequency of the emitted radiagayiven by

E>
P@) = /E P(E,v)N(E)dE 2.3)

whereP(v) is the energy emitted per unit time per unit frequency irdgefrom electrons with energies in the
rangeE andE + dE. For a power law energy spectrum givenNyE)dE = N,E~PdE, whereN, andp are
constants, in a limited rangé, < E < Ej,

the emitted spectrum has the very simple power law form

Pv)xv™™, a=— (2.4)

whereq, the spectral index, is usually positive.

The steep spectrunu(> 0.5) emitted by the lobes of radio galaxies is a consequehtieeorelative
lifetimes of electrons with different energies: high-emeelectrons lose energy more quickly than those at
lower energies, leading to an overall curvature of the spectt The flat radio spectrum typical of compact
cores may be due to opacity effects, equivalent to supargdke emission from many discrete, self-absorbed
synchrotron sources (Phinney, 1985). Synchrotron sedfgdtion occurs usually at very low frequencies when
the compact radio source becomes opaque to its own radiafiois results in a steep(= —%) turn down
in the radio spectrum at low frequency which depends on ntagfield and angular size of the source and
produces a low frequency cut off of the spectrum.

2.4 Superluminal Motion

The development of VLBI provided very high angular resantifor AGN studies. Scientists had always
suspected that AGN would have structure at very small seadaudse of the very rapid flux variability. Obser-
vations (including this thesis) have shown the presenceulfiple components. Whitney et al. (1971), after
observing quasars that had been observed earlier by Krtight(@971), discovered that the angular separation
of the components translated to a linear separation rateaftd 0 times the speed of light.

Cohen et al. (1971) also observed the same kind of phenomiar®@ 273 and 3C 279. These compo-
nents were seen to have proper motion, moving further aridduapart. The observed proper motions imply
transverse speeds of close to and greater than the spegtitofApparent superluminal motion has now been
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Figure 2.3: K-band image showing movement of a jet compoogtiite source 3C 279 through 5 epochs from
1994 to 1998. The separation is given in light years and stspeeds greater than the speed of light. This
image is part of a larger set of 28 images made by Wehrle e2@01() using the VLBA.

observed in a number of quasars and radio galaxies.

The generally accepted explanation for apparent speedtegitban the speed of light is that the superlumi-
nal speeds are due to a geometric effect where a jet poindagyntowards the observer with a small an@le
will almost overtake its own radiation creating the illusiof transverse speeds greater than the speed of light.
This apparent speed is referred to as superluminal motidrcam be expressed as:

Bsinf

ﬁapp = m (25)

Bapp Can greatly exceed unity.

2.5 Unification Models

The unification model is currently the most accepted modeixqgain the different types of AGN. AGN are
generally thought to be powered by gravitational accretioto a supermassive black hole (SMB) at the centre
of the galaxy (Begelman et al., 1984; Blandford, 1990). Thiemnt types of AGN that are observed are
thought to depend on observer orientation.
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2.5.1 Unified Model

The unified model tries to unify Seyfert 1 and Seyfert 2 gaaxas being one type. Using the technique
of spectro-polarimetry, considerable progress to find amtketstand interrelation between the two types of
Seyfert galaxies was made. The technique revealed seases of type 2 Seyfert galaxies with obscured type
1 regions.

2.5.2 Grand Unified Model

The figure below shows a schematic diagram of AGN accordinthéoGrand Unified Model. The AGN
consists, as mentioned, of a SMB in the centre, surroundeghlgccretion disk which widens at the edges,
forming a torus that envelopes the whole AGN.
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Figure 2.4: Figure below shows a schematic diagram of AGNi@icg to the Grand Unified Modetourtesy:
http: /mww.auger.org/news/PRagn/. Image credit: NASA.

As matter falls into the SMB, some of the gravitational ptirenergy is converted into observable ra-
diation and kinetic energy of the jets. The BLR are locatethminner regions of the AGN, ie the central 1
parsec. The outer clouds form the NLR which can extend to gofaecs. Now, depending on the orientation,
it is possible one can see only the narrow line regions ande®tthe broad line region directly. The Grand
Unification Model is not perfect as it does not explain a nunifephenomenon. In particular, it does not
explain the presence of both radio-loud AGN and radio quieispbut it provides a good framework on which
further investigations of AGN can be made.
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Chapter 3

Observation and Data Analysis

The observations used in this thesis were carried out in dnese of geodesy experiments. Hartebeesthoek
Radio Astronomy Observatory has for many years been inddlvgeodesy experiments in the global VLBI
network (see Fig 1.1). Through this involvement, we were éblbegin a collaboration with the United States
Naval Observatory (USNO) and this thesis uses data from 8d@s Radio Reference Frame Image Database
(RRFID).

3.1 Source Selection

3.1.1 The RRFID

The selected sources are a subset of sources from the Retlatiets In RRFID Kinematic Survey (Piner et al.,
2007). The RRFID is the result of the USNQ'’s ongoing prograrimtage the radio reference frame sources
on aregular basis, to monitor them for variability and stuual change. It observes simultaneously at 2.3 GHz
and 8.4 GHZ

The Radio Reference Frame Image Database is a databaseutféa® images of over 700 sources
compiled from geodetic and astrometric VLBI experimentfiede observations began in 1994 and are on-
going, with the latest one at the time of writing being theulkam 2009 epoch. Sources in the RRFID were
chosen solely for their suitability for astrometry and ges¢gd The observation epochs are not equally spaced
between 1994 and 1998. After 1998, the Research and DevelupviLBl (RDV) series of experiments (see
Table 3.1) use a spacing of 2 months but they do not obserileedRFID sources in all epochs. More recently,
the RRFID has begun to include observations at 23 and 43 GHz.

3.1.2 The RRFID Kinematic Survey

Piner et al. (2007) discuss jet kinematics in a subset of tREIR sources, concentrating on the 8.4 GHz
observations. This thesis looks at the 2.3 GHz observatibtie southern sources in Piner’s kinematic survey,

1The web site for the RRFID is located at http://rorf.usneyail/RRFID.
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hereafter known as the Southern Sample.

The Piner et al. survey is made up of the RRFID sources tha begn observed at three or more epochs
from July 1994 to December 1998. This yielded a sample of 8ifces with a total of 966 8-GHz images
and an average of 11 epochs for each source. The best obseeg had a total of 19 epochs. The RRFID
Kinematic survey is one of the first large sample Kinematiovey to study jet kinematics with a smaller
average epoch spacing than previous VLBI surveys and sdasiially very important (Piner et al., 2007).

3.1.3 The Southern Sample

This sample of 31 sources was chosen from the RRFID Kinensatigey done at 8.4 GHz, the only quali-
fication being that the sources were southern sources. Thayr @ declination range oo about—50°.

For meerKAT, and for the purposes of this thesis, 2.3 GHz mlasiens of southern hemisphere sources were
selected giving 31 southern sources with an average of &foepochs between July 1994 and January 2008,
with the best observed source having been observed at 3h®pdrt total, about 620 epochs of data were
worked on. Epochs later than 1998 are not used in the origingk by Piner et al. (2007). These were in-
cluded to see the long term variation of the sources and algettthe latest behaviour of these sources. As
in the RRFID Kinematic Survey, the epoch spacing is not r@gekcept after 1998 where the RDV series of
experiments were done every 2 months. This sample shall bsrkas the Southern Sample and the sources
are listed in table 3.1.

3.2 Observations

Observations were made using the ten telescopes of the VEB#tebeesthoek (South Africa) when it was
available and up to 10 other antennas across the globe slanlof the global array greatly improves the
coverage on long baselines and higher declinations. Atldeelinations, the beam becomes greatly elongated
in the north-south direction due to poarv coverage. Hartebeesthoek greatly improues coverage for
sources far south which make up the sample for this thesigortumately, Hartebeesthoek was not available
for all epochs and not all VLBA antennas can see far soutlvjrigehuge gaps in tha-v coverage of most
southern sources. A perfect image can only be made if altpairtheu-v plane are measured. This is never
the case and large holes in thie coverage make it more difficult to make correct and uniquegesa

About 100 sources were observed in each observing run, eacling for 24 hours with an average on-
source time of 15 minutes. The on-source time is not contispbut divided into scans of between 1 and
several minutes spaced in time to give optimal coverage.

Eight IF’s were recorded simultaneously, each 8 MHz widehwiat 2.3 GHz and 4 at 8.4 GHz for a total
of 32 MHz in each frequency band. Observations were made uatirdquency bandwidth synthesis mode to
facilitate delay measurements for astrometry. Obsematad this mode also allow imaging at both frequency
bands.

Table 3.2 shows the 32 experiments included in this thesis.€brlier experiments (1994-1996) used only
the 10 antennas of the VLBA and are more randomly spaced i tithe later experiments correspond with
the beginning of the RDV experiments, starting on Januant®®/ and have been continued to date, with
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Table 3.1: The Southern 2.3 GHz Sample.

B1950 Source Name Other Name Epochs Optical Identificationz
0003-006 24 BL Lac 0.35
0104-048 28 BL Lac 0.58
0238-084 NGC1052 16 Galaxy 0.005
0336-019 CTA26 25 Quasar 0.85
0402-362 17 Quasar 1.42
0454-234 27 Quasar 1.00
0458-020 26 Quasar 2.29
0727-115 32 Quasar 1.59
0919-260 17 Quasar 2.30
0920-397 16 Quasar 0.59
1034-293 27 Quasar 0.31
1124-186 26 Quasar 1.05
1144-379 23 Quasar 1.05
1145-071 16 Quasar 1.34
1253-055 3C279 3 Quasar 0.54
1255-316 14 Quasar 1.92
1313-333 17 Quasar 1.21
1334-127 25 Quasar 0.54
1351-018 13 Quasar 3.71
1424-418 18 Quasar 1.52
1451-375 14 Quasar 0.31
1514-241 16 BL Lac 0.05
1622-253 24 Quasar 0.79
1741-038 28 Quasar 1.05
1908-201 23 Quasar 1.12
1921-293 23 Quasar 0.35
1954-388 21 Quasar 0.63
1958-179 9 Quasar 0.65
2052-474 10 Quasar 1.49
2243-123 22 Quasar 0.63
2255-282 20 Quasar 0.93

Optical identifications from the catalogue oékbn-Cetty & \eron (2003)
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Figure 3.1: Example-v coverages obtained using the VLBA only at three differentrse declinations: from
the top, 30, 0° and —30°. This represents the minimalv coverage for our observations since all of our
observing runs used the VLBA, but many also used additionranas, resulting in betterv coverage than
illustrated.
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Table 3.2: Details of each observing epoch.

Epoch Code Antennas

1994JUL0O8 | BROO5 | VLBA

1995APR12 | BR025 VLBA

1995JUL24 | RDGEO2 | VLBA

19950CT02 | RDGEO3| VLBA

19950CT12 | BF012 VLBA

1996APR23 | BEO1Oa | VLBA

1997JAN10 | BF0O25a | VLBA

1997JAN11 | BF025B | VLBA

1997JAN30 | RDV01 | VLBA+GcGnKkMcOnWf
1997MAR31| RDV02 | VLBA+GcGnKkMcOnWf
1997MAY19 | RDV03 | VLBA+GcGnKkMcOnWf
1997JUL24 | RDV04 VLBA+GcGnKkMcOnWf
1997SEPO8 | RDVO5 | VLBA+GcGnKKOnWf
1997DEC17 | RDV06 | VLBA+GcGnKkMcOnWf
1998FEB09 | RDVO7 | VLBA+GcGnKKMcNyOnWf
1998APR15 | RDV08 | VLBA+GcGnKKMcNyOnWf
1998JUN24 | RDV09 | VLBA+GcGnKKMcNyOnWf
1998AUG10 | RDV10 | VLBA+GcGnKKMcNyOn
1998DEC21 | RDV12 | VLBA+GcGnKKMcNyWf
1999JUN21 | RDV16 | VLBA+GcHhKKMcNyOnTsWfWz
20000CT23 | RDV23 | VLBA+GcGgHhKkMaMcNyTsWfWz
2001MAY09 | RDV28 | VLBA+GcHhKKkMcNyOnTsWiwz
2002JAN16 | RDV31 | VLBA+GcGgKKMcNyOnTsWfwWz
2004JUL14 | RDV45 VLBA+GcGgKkMcONnTsWiwz
2006JUL11 | RDV57 | VLBA+ApHOMCNyWfWz
2006SEP13 | RDV59 | VLBA+HOMCcNySvTcWfWz
2007JAN24 | RDV61 | VLBA+KbNySvTcWfwz
2007JUN26 | RDV63 | VLBA+HhKbKKNyWz
2007JUL10 | RDV64 VLBA+HhKbONWz

2007AUGO1 | RDV65 | VLBA+HhKbNyTcWiwz
2007DECO05 | RDV66 | VLBA+HhKbNyOnSvTsWzZc
2008JAN23 | RDV67 | VLBA+KbKKNyTsWfWzZc
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Table 3.3: Details of the antennas used at each observirghepo

CODE | NAME LOCATION DIAMETER (m)
Ap ALGONQUIN Algonquin Park, Canada 46
Gc GILCREEK Fairbanks,AK USA 29.5
Gg GGAO MV3 Greenbelt, MD USA 5
Gn NRAO20 Greenbank, WV USA 20
Hh HARTEBEESTHOEK | Johannesburg, South Africa 26
Ho HOBART Tasmania, Australia 26
Kk KOKEE Kokee Park, HI USA 20
Ma MATERA Matera, Italy 20
Mc MEDICINA Medicina, Italy 32
Ny NYALES20 Ny Alesund, Norway 20
On ONSALAG0 Onsala, Sweden 20
Sv SVETLOE Lenigrad, Russia 32
Tc TIGO Concepcion, Chile 6
Wi WESTFORD Westford, MA USA 18
Ts TSUKUB32 Tsukuba, Japan 34
Wz | WETTZELL Wettzell, Germany 20
Zc ZELENCHUKSKAYA | Karachaevo-Cherkessia, Russia 32

observations roughly every 2 months. The best observedsouas observed at all 32 epochs with an average
of 20 epochs per source.

3.3 Data Reduction

3.3.1 Calibrating with AIPS

The data only becomes available to the astronomer aftesibban correlated. The data from all the antennas
were correlated with the VLBA correlator at the Array Oparas Center in Socorro, New Mexico. The corre-
lator outputs AIPS readable UVFITS files. Before the datalmnsed, it must be calibrated and processed.

We calibrated the observed data using NRAQO’s Astronomicelding Processing System (AIPS). With
Roopesh Ojha of the USNO, | calibrated the January 2008 with dources at both frequencies, 2.3 and
8.4 GHz. The rest of the data was calibrated by the USNO whiimtains the RRFID.

Several AIPS ‘tasks’ and ‘verbs’ are used to manipulate #ta.dVhen data is first read into AIPS, several
tables are created and filled with information describing dlata. These tables contain information such as
antenna names, geometric data, system temperature amdiséfie! details of the observations.

Calibration and editing tasks in AIPS create more tableskiiclude tables with bandpass information,
flagging information, baseline or correlator informatioragain solution from the calibration routines. These
tables can later be applied to the data as the AIPS tasks ddteothe data directly. When one is satisfied with
the calibration and editing, the AIPS task SPLIT is then useapply the different tables to the data. The task
also writesu-v data for individual sources which can then be used for inggimd modelfitting.
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Figure 3.2: Block diagram showing data calibration in AlR®t all of these steps were necessary for our data.
Figure adapted from Very Long Baseline Interferometry dred\fLBA. (Diamond, 1995).
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Data Examination and Consolidation

The multi-source data in FITS format, is loaded into AIPSteAfeading the data into AIPS, the data quality
was checked, particularly for corrupted data in the firsbrdof the scans and for dead antennas. We also
checked for RF interference, erratic amplitudes and mysairiennas. AIPS provides several ways to examine
and display data. LISTR, PRTAN, PRTUV were used to view theeotation time per source, the list of
antennas and the raw visibilities. After examining the datd making necessary changes (mostly removing
obviously corrupt data), one can start the calibration @ssc Figure 3.2 shows the general steps carried out
when calibrating VLBI data. Not all of these steps were nsagsfor our data and the procedures used are
explained below.

Amplitude Calibration

The system temperatu(&y, ;) tables and gain curves that are generated during obsersatie used to correct
the amplitudes. Because we had non-VLBA antennas, cabbrétes for these antennas had to be manually
edited and formatted to add the information supplied by tfierént antennas and to bring them to AIPS format.
This information is then read into the system temperatudegain curves tables in AIPS using ANTAB.

To do the actual amplitude calibration, the AIPS task APCAlused. This reads data and generates the
amplitude gain curves. These curves are applied to the ddtpraduces the visibility data in units of Jansky.

Fringe-fitting the Program Sources

Fringe fitting is the process of calculating the residuahgels well as their time derivates (delay rates). It takes
out the time variation in the data. The task FRING calcul#ttesrates and these are then applied to the data.
After fringe fitting, all phase differences and slopes areaeed and the phases line-up between the IFs.

Additonal Amplitude Calibration

Amplitude calibration was improved by using observatiohsaurces whose core flux density is known to be
> 90% of the total flux density. A single amplitude gain correctfactor is derived for each antenna based
on fitting a Gaussian model to the core component. This is afiplying initial amplitude calibration based
on the system temperature tables and gain curves mentitwogd.aGain correction factors are then calculated
based on the difference between the observed and the madglities. The amplitude gain correction factors
are then applied to the target sources. This is a hon-stdmidacedure and it results in improvement of about
20% in the amplitude calibration.

3.3.2 Imaging

Data imaging and modelfitting were done using the CaltecfeRifice Mapping program, DifmapDifmap is
an interactive program which directly reads the standard?URS files.

2Difmap was written by Martin Sherpherd and is part of the GditéLBI Software Package
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Difmap can be used for calibrating, editing, imaging and affitting but for this thesis, Difmap was used
for imaging and modelfitting. Whereas large packages likeSAgplit tasks into separate programs, in Difmap
these tasks are functions within one single program. Tigpkies the user interface. Difmap also has a
scripting facility which is different from most packages.maintains a log file which records command lines
verbatim and messages as comments and so the log file candaduaescript. Difmap is easy to install and
manage and is highly interactive, making it ideal when it esrto data editing, imaging and modelfitting.

Interferometric arrays do not form images of the radio skgatly. An image is formed by:

e Fourier Inversion - Formation of an initial dirty image fraime visibility samples collected by an inter-
ferometric array.

e Deconvolution - Correction of the effect of the Fourier masampling deficiencies on the dirty image.
e Self-calibration - Correction of the effects of calibratierrors on the deconvolved image.

RADPLT produces a plot of amplitude against radius. Editing data in this mode is not ideal as it is
baseline based whereas systematic errors are mostly aAbased. UVPLOT produces a plotwfy coverage
and TPLOT displays every time interval for which there exidata for each telescope. The display which is
produced can be manipulated in a number of ways.

The imaging begins after the data has been inspected analas edited out. First, the image size and cell
size should be set. The image size is at least twice the maxisource size since Difmap can only deconvolve
the inner quarter of the image. An image size of 1024 pixels wged for most of this data.

The cell size used for all the images in the 2.3 GHz data usethi®thesis was 0.3 milliarcseconds, less
than a fifth of the beam size. The sources were first imagedfindpi automatic mode. Generally, this mode
fails for about one third of the sources which had structhed is complex or too extended for the automatic
script to handle. These have to be redone by hand in inteeatibde. For the southern sources in this sample,
almost all had to be imaged by hand due to the peorcoverage.

Both natural and uniform weighting were used. Uniform wéiiggh gives more weight to the longer base-
lines and less weight to the short baselines, this provideigleer resolution but degrades the point source
sensitivity. After imaging, the map can be viewed using tommand MAPPLOT. This command generates
a dirty map of the source which is the image of the source deadawith the beam of the interferometer. To
begin with, | used a small CLEAN window of 0.7 times the beardtviaround the brightness peak in the dirty
image for most sources.

To start the deconvolution process, one must choose theenwfilierations and also define the loop gain.
Once entered, these values become the default values. TB&NXChlgorithm does the actual deconvolution of
the dirty map. A loop gain of 5% was used.

When a model of the source is subtracted from a dirty map, vemaains is the residual map and the point
in Difmap is to progressively build a model of the source gading from the residual map. MAPPLOT is
used to view the residual map. After CLEANiIng, the phasesalfecalibrated using SELFCAL. Phase selfcal
calculates the non-closure phases of the source for a miniof8 telescopes.

Again, one picks the brightest component with PEAKWIN andsr@hEAN and SELFCAL. Difmap uses
a chi-squared fit for the model and so one must keep track ciiginea level. MAPPLOT, PEAKWIN, CLEAN
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and SELFCAL are iterated until sigma is no longer decreaaimjthe CLEANed flux is no longer increasing.
To view the CLEAN map, one types MAPPLOT CLN. One can checktiviethe model fits the data by typing
RADPLOT, which shows a plot of visibility amplitude against radius. The model will be superimposed
in red on the data. If the model does not fit well with the datshatrt baselines, one should switch to natural
weighting which gives more weight to the shorter baselirmas therefore more sensitivity but degrades the
resolution. CLEAN and self calibration must be performediagintil sigma is no longer decreasing and the
flux in the clean model is no longer increasing. When this issjone can start the amplitude self calibration.

Amplitude calibration was done using GSCALE which compwtesingle amplitude correction factor for
each antenna for each IF and GSCALE TRUE lets the telescapenpters float freely and this was used for
the data. MAPPLOT and RADPLOT were used to see the effecteflifierent commands on the model.
On average, GSCALE improved the model on the short baselis&. FCAL TRUE, TRUE, 120 perform
amplitude and phase self calibration with a solution irdéof 2hours. It is best to start with long solution
interval and then shorten the solution interval as the madploves. Again CLEAN and SELFCAL are
looped until sigma is constant. After this, the solutioremal can be changed. All the while, MAPPLOT and
RADPLOT are being used to check how closely the model resesrthie data. When one has done enough
iterations of SELFCAL and CLEAN and is satisfied with the mlodkthe data and the image produced,
the image can be saved by typing SAVE FILENAME. Difmap wilethproduce 5 files, one of which is the
parameter file which is a Difmap environment file and contdetsiils of the image. It is this file that is loaded
into Difmap when one wants to do modelfitting.

3.3.3 Modelfitting

Modelfitting is used to parameterize characteristics ofsitwrce, in particular, to determine component loca-
tions and brightnesses. These include the flux density d@fitheal components and their distance from the
core. Like imaging, it is an iterative procedure but in mditteig one has to give the initial guess for the pa-
rameter vector. | did the modelfitting image plane by fittifigpeical Gaussians to the image. The model is fit
by least-squares, that is by minimizing th&residual between the image and the sum of the model compnent
at each pixel location.

When modelfitting in Difmap, one loads the parameter file thggroduced after imaging. It contains the
image information when the image was saved. After loadiegettiited data into Difmap the model is deleted
using the command CLRMOD.

e The established model is subtracted from the visibilityadgatd is incrementally built up from the source
model.

e The tentative model represents an attempt to model theelifte between the data and the established
model.

Elliptical Gaussian components were used only to reprékerdore component or a very bright jet compo-
nent if the residuals remaining from a circular Gaussianehaetre too large and made it difficult to continue
modelfitting using the residual map. Otherwise, circulaugkan models were mostly used.
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Figure 3.3: Image of 0003-066. The image was made from datedtequency and date indicated at the top,
in right circular polarization (IEEE convention). The pdaightness and contour levels, given in % of the peak
are indicated below. The FWHM beamsize is also given belowiragidated graphically in the lower left of

the image.

Figure 3.4: Image of 0003-066, at frequency and observitgiddicated. The peak brightness, contour levels,
and FWHM size of the restoring beam are given below. The yetimales show the two model components
fitted by Difmap, with the size of the circle showing the FWHMesbf an elliptical Gaussian fitted to the image

plane data.
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Figure 3.5: A plot of visibility amplitude againstv radius for 0003-066 showing the modelfit to the data. The
modelfit is in red and although it is satisfactory, it is noasd as the fit produced by the hybrid images shown

below.
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Figure 3.6: A plot of visibility amplitude against-v radius for 0003-066. The model is superimposed in red
on the data and shows a much better fit to the image data whighrhany CLEAN components compared to

the modelfits.
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The modelfits generally describe the visibility data welt these models may not be unique because of
incomplete sampling in the-v plane.

28



Chapter 4

Results

4.1 Calibrator Classification

4.1.1 Classification Scheme

The results are presented in this chapter. We use a conthiraftithe variation of core flux density with time,
the ratio of model core flux density to total flux density (cocenpactness) and the radial extent within which
95% of the flux density is contained (weighted and unweighteagvaluate the usefulness of these sources
at 2.3 GHz. These measures were each given a weight and #hefttihese gives a figure which determines
which class a source falls into.

The image was given a maximum weight of 10% and this was basedaobjective evaluation of the image
at one epoch. The core flux variation has a weight of 10% sinest wf the sources will be unresolved by
meerKAT, the compactness 40%, the weighted and unweightidlrextent 20% each.

The compactness weight was determined using values of thel @ompactness by factors shown in Table
4.1,

Table 4.1: Source Compactness weighting distribution.
Compactness(%) Weight(%)

0-60 0

60-70 10
70-80 20
80-90 30
90-100 40

The weighted and unweighted radial extent were weightetgusbie variability index by factors shown in
Table 4.2.
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Table 4.2: Distribution of weights for the weighted and uigiéed radial extent.

Index Weighting(%)
0-0.2 20

0.20-0.40 16

0.40-0.60 8

0.60-0.80 4

0.80 and above 2

The core flux density was weighted using the variability il the factors shown in Table 4.3.

Table 4.3: Distribution of weights for the Core Flux Density

Core Flux Density Weighting
Variability Index (%)

0-0.20 10
0.20-0.40 8
0.40-0.60 6
0.60-0.80 4

0.80 and above 2

The class A to D the source falls into depends on its overalessummed up from the weighting schemes
discussed above. No single measure is adequate to pasmjeldpen the sources but we are developing a way
to assign sources into four calibrator categories, A thhdDdpased on their overall properties (see below).

A - Source should score a total of 80% to 100%. (Excellenbcaior).
B - A total of 60% to 80% (Very good calibrator).
C - Source should score a total of between 40% to 60% (Goolrasdr)

D - Any source below 40%.(Unsuitable as calibrator, use wéthtion).

One image is shown for each source to give an idea of the setredure. | have reproduced these images
from the USNO RRFID data. The peak brightness, contour $ew#d FWHM size of the restoring beam are
given in the image. | made the core flux density plots from tloeleffits | performed on the data. All optical
identifications are from the &on-Cetty & \eron (2003) Catalogue unless otherwise stated and all fiitsdel
are shown in Appendix A.

4.1.2 Core Flux Density

A good calibrator should be relatively bright at the freqeyenf observation to be easily detectable. It also has
to be stable with minimal flux density variation over time. dtérmined the core flux density,... for each

30



source over all epochs using the Gaussian component | fietodre of each source. This is represented as a
graph of flux density vs time for each source for all epochsnithe core flux density, | computed the mean
core flux density §) averaged over all epochs in which the source was obsenfeledtent to which the core
flux density varies over time can be characterised by the fiaxedensity variability index €..../S) where
oore IS the core flux density standard deviation. A value of 0.0dagks no variation over time.

4.1.3 Source Compactness

The compactnesg), is defined as the ratio of the Model Core Flux Density to tlerSe Flux Density,
(Score/Stotar), @s determined by the Gaussian model fits to the visibibiydIt provides an indication of how
point-like a source is and also provides a way to track sogneecture changes from epoch to epoch. The
compactness is shown, over time for each source in form cdjahgof compactness vs time. The compactness
was determined by running a program which calculates coxedifmsity over the total flux density by taking
the sum of CLEAN components within one synthesised beam andirdy by the sum of all components.
The average compactness, was computed for each source over all epochs. As with the fhax density
index, | also computed the source compactness variahilitgx ¢« /C) whereo is the compactness standard
deviation. A value of 0.0 for the source compactness inddicaies no variation over time.

4.1.4 Unweighted Radial Extent

This is the radial extent within which 95% of the source fluxsigy is contained. This provides a measure
of how extended a source is. Plots of radial extent vs timeweaxde for both the weighted (see below) and
unweighted radial extent. The meaRy(;;-) and standard deviation were also calculated as was thegovétsi
index @ gy, /Ruw) whereog,,,, is the unweighted radial extent standard deviation.

4.1.5 Weighted Radial Extent

This is the flux density-weighted radial extent and givestla@omeasure of core- dominance (Ojha et al.,
2004). It can be defined as:
24 Siri
R — z 4.1
WS (4.1)
wherer; is the radius at which thih CLEAN component has flux densify.
The mean Ry) and standard deviation were also calculated as was theoilityi index @ r,,, / Ry) where

o Ry, IS the weighted radial extent standard deviation.
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4.2 Results

4.2.1 0003-066

Plot of Flux Density Vari Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.1: (a):Source image:0003-066. (b):Plot of FluwngMy Variation. (c):Source Compactness.
Unweighted radial extent. (e): Weighted radial extent

(d):

This source has been optically identified as a BL Lac objeatratishift of 0.35.

The source is well fitted, for all epochs, by two Gaussian comepts, the core and a single component.
At its brightest (fig (b)), around 1995, the source is very paot and has about 85% of the total flux density
contained in the core. The source flux density falls betwed9%5Iand June 1998, the compactness also falls
from 85% to 65%. This could be due to ejection of a componenta@rage, the source is not very compact
with a mean compactness of 68%. The radial extent within wBiE% of the flux density is contained also
increases fig(d) as does the weighted radial extent fig(e).

The flux density standard deviation is 0.31 Jy from a mean%8 1y, giving a flux density index of 0.20.
The mean of the compactness is 68% while standard deviaid®iand the index of 0.11. The unweighted
radial extent standard deviation is 2.22 mas from a meanldf Bas giving an index of 0.36. The weighted
radial extent standard deviation is 0.40 mas giving an irdék24. The mean radial extent is 1.66 mas.

This has been classifiedcéass C source
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4.2.2 0104-408

=

lot of Flux Density vs Time Plot of Model Flux as a Fraction of Total Flux vs Time
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Figure 4.2: (a):Source image:0104-408. (b):Plot of Flun&My Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

This is a 19th magnitude BL Lac object at a redshift of 0.58e Thre flux density varies between about
1.3 Jy and 1.7 Jy between 1995 and 2001 but falls to 1.1 Jy ig.20@delfits show the presence of a single
additional component in 2002. Modelfits for later epochanshasingle but much weaker component, falling
to as low as 0.7 Jy in 2004. The flux density in the core goes upafer epochs, reaching 1.5 Jy in early
2008, fig(b). The compactness of the source on the other lmsthble between 95% and 100% even when
the core flux density falls, except in early 2007 where it hesca low of 83%. After this, the compactness
returns to between 95% and 100%. This source is one of thehbark sources in the establishment of a
high precision radio/optical celestial reference fran@ssta & Loyola, 1992). Shen et al. (1997) fit a single
Gaussian component with a flux density of 2.6 Jy to this squusserved in November 1992. The mean core
flux density is 1.26 Jy. The flux density standard deviatiof.29 Jy giving a flux density variability index
of 0.23. The compactness mean is 96.26%, standard deviaté¥ giving a variability index of 0.04. The
unweighted radial extent standard deviation is 17.13 méeg@ variability index of 2.18. The mean is 7.84
mas. The mean of the weighted radial extent is 0.94 mas,dheatd deviation is 1.24 mas giving a variability
index of 1.33. This source has been classified @ass C source
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4.2.3 0238-084

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.3: (a):Source image:0238-084. (b):Plot of Flun&My Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

Also known as NGC1052, 0238-084 is a nearby LINER galaxy atshift of 0.005.

Kadler et al. (2004b) used the VLBA to resolve the core intmtjgts at four different frequencies. This
work at 2.3 GHz also shows the source to be a double jet soditte.twin radio jets reaches to kilo-parsec
scales but is still embodied within the optical galaxy (Kaddt al., 2004a). The flux density in the core varies
between 1.1 Jy and 0.7 Jy from 1995 to 2002. Kadler et al. (200ding MERLIN at 1.4 GHz in November
1995 measure the core to have a flux density of 1.01 Jy. Afteé2 2Be flux density falls to a low of 0.26 Jy in
December 2007.

The flux density standard deviation is 0.20 mas giving a fluxsitg variability index of 0.22. The com-
pactness standard deviation is 10% giving a variabilityeindf 0.19. The unweighted radial extent standard
deviation is 16.13 giving a variability index of 0.93. Theiglgted radial extent standard deviation is 0.10 mas
giving a variability index of 0.27. The compactness of theecgaries significantly between 37% and 70% with
a mean of 52%. Both the weighted and unweighted radial extdab vary quite significantly, and this source
is a double sided source, making it unsuitable for use aslaratdr.

This is aclass D source
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4.2.4 0336-019

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.4: (a):Source image:0336-019. (b):Plot of Flun&My Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

0336-019 is a quasar at a redshift of 0.85. This source hasfitesd with up to 3 other components after
the core component. The image shows the source to be extanttezinorth-east direction, fig(a). The core
flux density is 2.40 Jy in mid-1995 and gradually falls to 1J4in December 1998. The flux density then
increases slightly and the falls again. It then increasaduglly to 3.1 Jy in early 2007 and then falls to 2.16
Jy in early 2008, fig(b). The source compactness on the otled Hoes not vary as much as the core flux
density, varying between 65% and 100%, fig(c). The unwedyhaeial extent within which 95% of the total
flux density is contained also varies between 1.8 mas andr8a& fig(d). The weighted radial extent also
varies, but in a different range, 0.3 mas and 1.3 mas, fig(e) .

The flux density standard deviation is 0.48 Jy giving a fluxsitgrvariability index of 0.25. The com-
pactness standard deviation is 8% giving a variability inde0.10. The unweighted radial extent standard
deviation is 2.32 mas giving a variability index of 0.76. TWweighted radial extent standard deviation is 0.64
mas giving a variability index of 0.64. While 87% of the flux déw is in the core, a flux density index of 0.25
shows a 25% variation in the flux density. The radial extesw ahries to a large extent.

This is aclass C source
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4.2.5 0402-362

Plot of Flux Density vs Time Plot of ModRItbRAE HskSIdBMyVETTRBEIUX Vs Time
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Figure 4.5: (a):Source image:0402-362. (b):Plot of Flun&My Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

This source is at a redshift of 1.42 and has been identifiedopsmsar. Modelfits show the presence of 2
components other than the core for most of the epochs. Thessonage suggests the presence of components
on both sides of the core, fig(a). The flux density varies betwk Jy and 1.4 Jy over 2 years, fig(b). The
compactness is between 87% and 96%, meaning that this sisugcéte compact, fig(c). The unweighted
radial extent however varies over a wide range, 3 to 16 mad)figlhe weighted radial extent varies between
0.851t0 1.60 mas .

The flux density standard deviation is 0.11 Jy from a mean2§ ly giving a flux density variability index
of 0.09. The compactness standard deviation is 0.03% froneanmof 91.54% giving a variability index of
0.03. The unweighted radial extent standard deviation54 #as giving a variability index of 0.56. The
weighted radial extent standard deviation is 0.26 mas gigimariability index of 0.22.

The source is very compact and with little variation in thehbthe flux density and the compactness.
Although modelfits show the presence of components, 92%eofdtal flux density is in the core. The radial
extent also does not varies significantly. This dass A source
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4.2.6 0454-234

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.6: (a):Source image:0454-234. (b):Plot of Flun&My Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

Components were fitted for all epochs for this quasar. It &sraidshift of 1.00.

Between 1994 and 2006, the flux density varies between 1.2 dndl, fig(b). The flux density shoots up
to 2.7 Jy inin early 2007, to 3.1 Jy in mid-2007 and decredsgstly to 3.0 Jy in 2008. On the other hand, the
source is very compact, with the model core flux density nagdiom about 90% to 100% of the total source
flux density, fig(c). The unweighted radial extent variesalsetn 2 and 7 mas, fig(d) and the weighted radial
extent between about 0.3 and 1.1 mas fig(e).

The flux density standard deviation is 0.59 Jy giving a fluxsityrvariability index of 0.34. This shows a
very high variation. The compactness standard deviati@agiving a variability index of 0.02. The mean of
the compactness is 93.70%, making this source one of thegoogiact in this sample. The unweighted radial
extent standard deviation is 1.78 mas giving an index of.Or's@ weighted radial extent standard deviation is
0.31 giving a variability index of 0.67.

Although it is very compact, the high variation in flux degsiind radial extent however disqualifies this
source from being a class A source. This dass B source

37



4.2.7 0458-020

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.7: (a):Source image:0458-020. (b):Plot of Fluxn&My Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

0458-020 has been detected by EGRET as a high energy source (von Montigny et al., 1995). Itis a
guasar at a redshift of 2.29.

The image shows a slight extension to the west, fig(a). Thedéunsity falls gradually from 1.4 Jy in early
2000 to 0.4 Jy in 2002, fig(b). From 2002 to 2008, the flux dgnsiries between 0.4 and about 0.7 Jy. The
compactness mostly falls in the range 60% and 86% excephéogpoch January 2002 where it falls to 54%,
fig(c). The unweighted radial extent varies widely. The ieatue of 4.48 mas in 1998 (fig(d)) corresponds to
the point when the source is most compact but not brightdst.\wWeighted radial extent varies but on a smaller
scale, between 1.3 mas and 3.8 mas, fig(e).

The flux density standard deviation is 0.31 Jy giving a fluxsitgnvariability index of 0.40. The compact-
ness standard deviation is 15% from a mean of 67.29% givingriahility index of 0.22. The unweighted
radial extent standard deviation is 17.93 mas giving a lditia index of 1.10. The weighted radial extent
standard deviation is 1.02 mas giving a variability indeX af6.

This source shows variation in all the measured paramdtessa class D source
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42.8 0727-115

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time

*0727-115_plofs.t” using 12 —+— "0727-115_plots.bet” using 13 ——

X)l(Total Flux)

El
[

(Model Flu

i . . . . . . . 075 . . . . . . .
[ I 1994 1996 1998 2000 2002 2004 2006 2008 2010 1994 1996 1998 2000 2002 2004 2006 2008 2010
Time (Years) Time (Years)

(a) (b) (©)

Plot of Unweighted Radial Extent vs Time Plot of Weighted Radial Extent vs Time

T T T T T T T T T T
0727unweight.txt —e— cosum.txt —e—

Unweighted Radial extent
Weighted Radial extent

08 |

. . . . . . g 06 . . . . . . .
1996 1998 2000 2002 2004 2006 2008 1994 1996 1998 2000 2002 2004 2006 2008
Time (Years) Time (Years)

() (e)

Figure 4.8: (a):Source image:0727-115. (b):Plot of Flun&My Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

This source was observed at all 32 epochs. It is a quasar dshifteof 1.59.

The core flux density is 4.4 Jy in mid-1994 but this goes dovarly to 2.9 Jy in early 1995 and continues
to fall until 1996. Thereafter it peaks and falls betweendy.4nd 2.4 Jy for the period January 1997 to January
2002. The core flux density raises gradually to 3.5 Jy fronye2002 to late 2007. At its brightest (4.4 Jy in
mid-1994), the source only has 90% of the total flux densithécore, but is most compact (98%) in late 2007
when the core flux density is 3.5 Jy. The unweighted radi@redaries between 5 and 8 mas for most epochs
but varies significantly for the last 3 epochs. The weightdial extent is not as erratic as the unweighted
radial extent. It varies for all epochs, between about 0.3 amal 1.9 mas. This means the core is very compact
and most of the flux density is in the core component.

The flux density standard deviation is 0.71 Jy from a mean3# 2y giving a flux density variability index
of 0.30. The compactness standard deviation is 5% from a wieB5.35% giving a variability index of 0.06.
The unweighted radial extent standard deviation is 1.77 ginasg a variability index of 0.29. The weighted
radial extent standard deviation is 0.30 mas giving a vditaindex of 0.26.

This is aclass B source
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4.2.9 0919-260

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.9: (a):Source image:0919-260. (b):Plot of Flun&My Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

0919-260 has been optically identified as a quasar at a fed§Ri30.

This source has been fit for almost all epochs with the coreaasidgle component. The image shows a
component to the west of the core, fig(a). On the whole, the flax density falls between 0.8 and 1.5 Jy,
fig(b). Between 1997 and 2001, the flux density is on a downward], falling from about 1.5 Jy to about 0.8
Jy. This could be due a component ejection. After 2001, thed&nsity rises eventually going back to 1.5 Jy.

The compactness is highest at 87% and lowest at 53%, fig(¢¢ Wie mean is 74.40%. The unweighted
radial extent ranges from 2 mas to about 9 mas with a mean @m@a4 but the weighted radial extent varies
from about 1.4 mas to about 2.4 mas with a mean of 1.71 mas. Thedhsity standard deviation is 0.83 Jy,
the mean is 1.33 Jy giving a flux density variability index @8 The compactness standard deviation is 11%
giving a variability index of 0.15. The unweighted radiatent standard deviation is 1.55 mas giving an index
of 0.24. The weighted radial extent standard deviation3d @nas giving an index of 0.20.

The core flux density does not vary to large extent but theataditent is slightly variable. This isaass
B source
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4.2.10 0920-397

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux
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Figure 4.10: (a):Source image:0920-397. (b):Plot of Flilengity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

This source shows hint of a component to the east as can b&seethe image, fig(a). A single component
after the core was fitted for most epochs. It has been idethifiea quasar at a redshift of 0.59.

The core flux density falls between 0.8 Jy and 1.5 Jy with a ntdah06 Jy. The compactness varies
between 60% and 99% with a mean of 85%. The unweighted radi@tievaries significantly but the weighted
radial extent varies on a smaller scale, between 1 mas andeé&9

The flux density standard deviation is 0.18 Jy giving a fluxsitgrvariability index of 0.17. The com-
pactness standard deviation is 11% giving a variabilityeindf 0.12. The unweighted radial extent standard
deviation is 2.98 mas giving an index of 0.41. The weightelialaextent standard deviation is 0.94 mas giving
a variability index of 0.52.

This is aclass B source It is very compact and the flux density and unweighted raahsgnt do not vary
significantly.
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4.2.11 1034-293
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Figure 4.11: (a):Source image:1034-293. (b):Plot of FllenEity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

The source is extended in the south-east direction as caedyefsom the image, fig(a). It has been
identified as a quasar at a redshift of 0.31.

The source has been fitted with up to 2 components for moshepdite flux density varies between 1.8
Jy and about 0.7 Jy. The mean flux density is 1.11 Jy. The meapainess is 87.20%, showing 87% of the
total flux is contained in the core component. The unweighaedhl extent lies between 1.5 mas and 3.5 mas.

The flux density standard deviation is 0.30 Jy giving a fluxsitgrvariability index of 0.27. The com-
pactness standard deviation is 21% giving a variabilityeindf 0.24. The unweighted radial extent standard
deviation is 8.22 mas giving a variability index of 1.41. TWweighted radial extent standard deviation is 0.68
mas giving a variability index of 0.75. This shows a very higiniation in the radial extent although the source
is very compact.

This is aclass C source
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4212 1124-186

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.12: (a):Source image:1124-186. (b):Plot of Flilengity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

The image shows this source be a point source, fig(a). Withp@6les, it is one of the most observed
sources in this sample. It is a quasar at a redshift of 1.06rdtg to the \eron-Cetty & \eron Catalogue.

The flux density increases from about 0.7 Jy to about 1.3 Jydr1899 and falls to 0.75 Jy in 2002, fig(b).
This could be due to a component ejection. Thereafter, thalBuasity rises and falls between 0.8 Jy and 1.2 Jy.
The compactness however lies between about 95% and 100}, figle mean of the compactness is 98.20%.
This means this a compact source, as 98% of the total fluxtgdash the core component. The unweighted
radial extent, is mostly between 1 mas and 4 mas, fig(d) whéeateighted radial extent is between 0.1 mas
and 0.9 mas, fig(e).

The flux density standard deviation is 0.19 Jy giving a fluxsitgrvariability index of 0.21. The com-
pactness standard deviation is 2% giving a variability inde0.02. The unweighted radial extent standard
deviation is 16.50 mas giving a variability index of 2.40.eTleighted radial extent standard deviation is 0.29
mas giving a variability index of 1.18.

This is a very compact source but with a high variability ie flux extent. This is &lass B source
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4.2.13 1144-379

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux
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Figure 4.13: (a):Source image:1144-379. (b):Plot of FlilenEity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

This source is slightly extended to the west. It is listechi@ Yeron-Cetty & \eron Catalogue as a quasar.
Impey & Tapia (1988) classified it as a blazar, consideriadpighly variable optical emission. Modelfits show
two components in addition to the core. The flux density nyogtlries between 1 and 2 Jy but Shen et al.
(1997) recorded a flux density of 4.6 Jy from measuremenentak1995 at 5 GHz. It is thought the source
was is an active phase then.

The compactness is between 80% and 100%, with most poifitgfaketween 85% and 95%, making this
source, one of the most compact sources in the sample. The eoegpactness is 91.95%. The unweighted
radial extent varies between 1 and 10 mas with two outlieBglahas and 99 mas. The mean is 9.60 mas. The
weighted radial extent varies between 0.2 and 2.6 mas.

The flux density standard deviation is 0.39 mas giving a fluxsitg variability index of 0.29. The com-
pactness standard deviation is 5% giving a variability inde0.06. The unweighted radial extent standard
deviation is 20.66 mas giving a variability index of 2.15.eTleighted radial extent standard deviation is 1.79
mas giving a variability index of 4.10.

This is aclass C sourceit is very compact but both the radial extents varies qugeiBicantly.
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4.2.14 1145-071

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time

" "1145-071_plots xt" using 1:2 —— " 1145071 _plots txt" using 1:3 —+—

Flux Density (Jansky)

035 . . . . . . 06 . . . . . .
L . 1994 1996 1998 2000 2002 2004 2006 2008 1994 1996 1998 2000 2002 2004 2006 2008

Time (Years) Time (Years)

(a) (b) (©)

Plot of Unweighted Radial Extent vs Time Plot of Weighted Radial Extent vs Time
2.2

T T T T
1145unweight.txt —ea— cosum.txt —e—

Unweighted Radial extent
Weighted Radial extent

2 . . . . . . . . . . . . .
1994 1996 1998 2000 2002 2004 2006 2008 1994 1996 1998 2000 2002 2004 2006 2008
Time (Years) Time (Years)

() (e)

Figure 4.14: (a):Source image:1145-071. (b):Plot of FllenEity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

1145-071 is binary quasar at a redshift of 1.34. It was diemx to be a binary quasar by Djorgovski
(1987) but only one of the quasars is bright at radio waveteng

The source is extended in the north-west direction, figfd)as been fitted with 2 components, other than
the central core component. The flux density of the sourcengdiy decreases from about 0.8 Jy to 0.4 Jy
in the period 1995 to 2002, then shoots back to 0.8 Jy in e@®7 2 This is most likely due to ejection of a
component. The compactness varies erratically betweenad@®5% with a mean of 80%. The unweighted
radial extent also varies erratically between 2 and 10 m#sawnean of 6.15 mas. The weighted radial extent
is less erratic and varies between 1 and 2 mas with a mean®fnia8.

The flux density standard deviation is 0.11 Jy giving a fluxsitgrvariability index of 0.16. The com-
pactness standard deviation is 10% giving a variabilityeindf 0.13. The unweighted radial extent standard
deviation is 2.26 mas giving a variability index of 0.37. TWweighted radial extent standard deviation is 0.24
giving a variability index of 0.18.

This is aclass A source It is compact with little variation in all the measured paeters.
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4.2.15 1253-055

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.15: (a):Source image:1253-055. (b):Plot of Fllengity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

With only 3 epochs, this is the least observed source in thka This source is also known as source
number 279 in the Third Cambridge Catalogue (3C279) andagedishift of 0.54. This source was excluded
from the ATCA intraday variability sample because of extmhdtructure (Kedziora-Chudczer et al., 2001)
and this can be seen in the image, fig(a). The flux density lietareen 7.3 and 7.8 Jy, fig(b). This source
is one of the brightest and most variable at radio wavelen(jtindfors et al., 2006). The compactness falls
between 50% and 80% with a mean of 64%. The unweighted raxtiethieis between 12.4 and 13.4 mas and
the weighted radial extent is between 2.1 and 2.6 mas. Adth@xtended, the source core seems to be very
stable. Itis known to exhibit superluminal motion of compats that “appear to be ejected from a presumably
stationary core.” (Jorstad et al., 2004). It has been dasdras the archetypical superluminal radio sources
(Cotton et al., 1979). It is a good candidate for further Esidbn superlunimal motion at 2.3 GHz. The flux
density standard deviation is 0.27 Jy giving a flux densityaality index of 0.20. The compactness standard
deviation is 15% giving an index variability is 0.23. The wrighted radial extent standard deviation is 0.50
mas giving a variability index of 0.04. The weighted radiatemt standard deviation is 0.25 mas giving a
variability index of 0.11. Its classified asctass B source

46



4.2.16 1255-316

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time

" "1255-316_plots.tt” using 12 —+— " "1255-316_plots.be” using 1:3 ——

X)l(Total Flux)

(Model Flu

00 . . . . . . 05 . . . . . .
[ | 1996 1998 2000 2002 2004 2006 2008 2010 1996 1998 2000 2002 2004 2006 2008 2010
Time (Years) Time (Years)

(a) (b) (©)

Plot of Unweighted Radial Extent vs Time Plot of Weighted Radial Extent vs Time
45

T T T
1255unweight.txt. —s— cosum.txt —e—

14 4 at

35

s

Unweighted Radial extent
Weighted Radial extent

25

s
6l

. . . . . . 15 . . . . . .
1996 1998 2000 2002 2004 2006 2008 2010 1996 1998 2000 2002 2004 2006 2008 2010
Time (Years) Time (Years)

() (e)

Figure 4.16: (a):Source image:1255-316. (b):Plot of FllenEity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

A quasar at a redshift of 1.92, this is source has multi-carepts as shown in the image (fig(a)) and the
modelfits.

The flux density varies between about 1 Jy and 1.7 Jy. It stéfresound 1 Jy from 1997 to 2001 but raises
sharply to about 1.7 Jy in 2004, fig(b), a 70% increase in thed&nsity. It is possible that it was active during
this period. The compactness is between 60% (in earlierreg)pand 95% (in later epochs), fig(c). The mean
compactness is 77.53%. The unweighted radial extent isdegtvt and 15 mas with a mean of 14.17 mas. The
weighted radial extent is between 2 and 4.5 mas with a mear6afraas.

The flux density standard deviation is 0.24 Jy giving a fluxsitgrvariability index of 0.20. The com-
pactness standard deviation is 11% giving a variabilityeindf 0.14. The unweighted radial extent standard
deviation is 11.86 mas giving an index of 0.84. The weighsetial extent standard deviation is 0.67 giving an
index of 0.25.

This source is not very compact and an unweighted radiahexgaiability index of 0.84 shows a large
variation in the radial extent. This iscéass C source
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4.2.17 1313-333

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.17: (a):Source image:1313-333. (b):Plot of Fllengity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

This source is a quasar at a redshift of 1.21.

From the image, fig(a), this source is extended in the eadigzation. It has been fitted for all epochs with
at least one component. In earlier epochs, this sourcegsteri than in later epochs where the flux density
drops to as low as 0.5 Jy from 1.2 Jy, fig(b). This could be dueotaponent ejection around 1999. After
1999, the flux density raises and falls again in 2004. The emtmgss varies from 67% to 89% with a mean of
77.92%. Except for two points, the unweighted radial exfalt$ between 6 and 10 mas. The weighted flux
density radial extent varies between 1 and 2 mas.

The flux density standard deviation is 0.28 Jy giving a fluxsityrvariability index of 0.35. The com-
pactness standard deviation is 5% giving a variability inde0.07. The unweighted radial extent standard
deviation is 3.05 mas giving a variability index of 0.39. Thweighted radial extent standard deviation is 0.40
mas giving a variability index of 0.31

This source has been classified adass B source
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4.2.18 1334-127

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.18: (a):Source image:1334-127. (b):Plot of Flilengity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

A highly polarised quasar (Impey & Tapia, 1988) at a redgififd.54, this source has been fitted with more
than 2 components in most epochs.

At its brightest, the source has a flux density of 3.5 Jy buflthedensity mostly falls between 2.5 Jy and
1.5 Jy for most epochs, fig(b). The compactness is betweena#§d00%, making this source one of the
most compact in the sample, fig(c). The unweighted radi@rgxtaries between 1.8 and 4.9 mas, fig(d). The
weighted radial extent varies between 0.4 and 2.2 mas, fidi{@} source has been named as a superluminal
candidate by Shen et al. (1997) and we can certainly inagstigirther as we have 17 epochs of observations.
Itis also known to have been active and underwent an outBiMettrle et al., 1992).

The flux density standard deviation is 0.55 Jy from a meanid 2y giving a flux density variability index
of 0.26. The compactness standard deviation is 4 % from a E2B.72% giving a variability index of 0.04.
The unweighted radial extent standard deviation is 1.87 giasg a variability index of 0.52. The weighted
radial extent standard deviation is 0.62 mas giving a véifsaindex of 0.74.

The source is very compact but shows some variation in thalrextent. This is a&lass B source
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4.2.19 1351-018

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.19: (a):Source image:1351-018. (b):Plot of Flilengity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

At a redshift of 3.71, this source has the highest redshifténsample.

It has been fitted for all epochs with one component in additiothe core component. The image shows
the source to be extended in the northern direction, fig(edy Et al. (1997) find a dominant core and a weak
extension in the same direction as the above image. Neff &ingis (1990) found the source to be unresolved
by the VLA. The flux density of this source does not vary mutkalls between 0.75 and 1 Jy with a mean of
0.80 Jy. 9 out of 12 epochs have flux density in the range 0.@9a8v Jy. The compactness varies between
89% and 100% with a mean of 93.90%. This is a very compact sawith about 94% of the total flux density
in the core. The unweighted radial extent is between 2 and<3 figd) with a mean of 2.55 mas. It falls to
about 2 mas in 2008 from 6 mas in 1999. It is possible a compaomas ejected during the period 2000 and
2007. The weighted radial extent is between 0.4 and 0.7 ngge) fi

The flux density standard deviation is 0.25 Jy giving a fluxsitgrvariability index of 0.32. The com-
pactness standard deviation is 3% giving a variability inde0.03. The unweighted radial extent standard
deviation is 1.86 mas giving a variability index of 0.73. Theighted radial extent standard deviation is 2.93
mas giving a variability index of 1.94. This iscéass B source
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4.2.20 1424-418

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.20: (a):Source image:1424-418. (b):Plot of Flilengity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

The source is extended in the north-eastern direction,)feyfd has been fitted with components for all
epochs. It is a relatively bright source and has been idedtés a quasar at a redshift of 1.52.

For earlier epochs, the flux density is above 1.8 Jy but falle.6 Jy towards the end of the year 2000,
fig(b). The flux density rises gradually thereafter by doesgmback to previous levels, reaching a high of
1.94 Jy compared to 2.4 Jy before. It is possible a componastejected around 2000 but there is nothing in
the literature to support this. The compactness variesdetv65% and 95%, fig(c). The compactness mean is
78.6%. The unweighted radial extent rises to 45 mas from 1€ mhe weighted radial extent rises to 6 mas
from 1 mas.

The flux density standard deviation is 0.49 Jy giving a fluxsitgrvariability index of 0.29. The com-
pactness standard deviation is 8% giving a variability inde0.11. The unweighted radial extent standard
deviation is 11.07 mas giving a variability index of 0.47 .€Tleighted radial extent standard deviation is 1.88
mas giving a variability index of 0.55.

This is aclass C source
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4.2.21 1451-375

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.21: (a):Source image:1451-375. (b):Plot of FlilenEity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

The image of this source clearly shows it to have at least Zpom@nts, fig(a) and this is confirmed by the
modelfits which show up to 3 components. The source is a qaasaredshift of 0.31.

The flux density varies but is on a general downward trend faoound 1.6 Jy in the early epochs to 0.5
Jy in the last observed epoch, fig(b). It is possible it wawadh earlier epochs and went back to it quiescent
state in later epochs. The compactness is between 80% af6lfbd@ll but one epoch, fig(c), with a mean of
87.75%. The unweighted radial extent within which 95% offtbr density is contained ranges between 4 and
22 mas with a mean of 9.35 mas. The weighted radial extergsagtween 0.5 mas and 2.5 mas.

The flux density standard deviation is 0.30 Jy giving a fluxsitgrvariability index of 0.27. The com-
pactness standard deviation is 7% giving a variability inde0.08. The unweighted radial extent standard
deviation is 5.40 mas giving a variability index of 0.58. Theighted radial extent standard deviation is 3.71
mas giving a variability index of 10.08.

This is aclass C source It is clearly extended and its radial extent varies sigaifity but it has a fairly
compact core.
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4.2.22 1514-241

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time

*1514-241_plots.t” using 12 —+— " "1514-241_plots txt" uSing 13 ——

Flux Density (Jansky)
ux)/(Total Flux)

(Model Flt

i . . . . . . . . . . 06 . . . . . . . . . .
L i 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Time (Years) Time (Years)

(a) (b) (c)

Plot of Unweighted Radial Extent vs Time Plot of Weighted Radial Extent vs Time

T T T T
unweight.tdt —a— cosum.txt —e—

Unweighted Radial extent
Weighted Radial extent

12 1 . 1 . . . . . . . 2 . 1 . . . . . . . .
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Time (Years) Time (Years)

() (e)

Figure 4.22: (a):Source image:1514-241. (b):Plot of FlilenEity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

This source is a BL Lac object at a redshift of 0.05.

The image shows it is extended in the south-east directiig(®). Modelfits show up to five different
components. The flux variation shows a major dip in the fluxsdgrin October 2000. The compactness
ranges between 76% and 83% except in October 2000 when & th@2%. The mean compactness is 78.76%.
The unweighted radial extent also increases after thistepbloe weighted radial extent varies slightly before
October 2000 but also increases after this epoch. It is plesaicomponent was ejected between 1998 and
2001, leading to a drop in flux density and compactness ofdbece, and an increase in the radial extent.

The flux density standard deviation is 0.30 Jy giving a fluxsitgrindex of 0.17. The compactness standard
deviation is 5% giving a variability index of 0.11. The ungkied radial extent standard deviation is 3.90 mas
giving a variability index of 0.21. The weighted radial extstandard deviation is 0.78 mas giving a variability
index of 0.23.

This is aclass B source
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4.2.23 1622-253

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.23: (a):Source image:1622-253. (b):Plot of Fllengity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

1622-253 is described by Punsly et al. (2005) as a tripleoradurce with a superluminal radio core and
powerful FRII radio lobes. It is a quasar at a redshift of Oarf@d has been fitted with multiple components,
(see Appendix A). It is extended and is known to be variablegdy et al., 2003).

The flux density varies between 0.6 Jy and 2.2 Jy with a mean23fJy. This source is in the top 10%
of 185 sources in the ATCA (Australia Telescope Compactyrmaonitoring program when ranked by source
variability at 4.8 GHz (Tingay et al., 2003). The compactearies between 78% and 98% with a mean of
90%. The unweighted radial extent is between 2 and 12 masufilveighted radial extent is between 0.5 and
3 mas.

The flux density standard deviation is 0.38 Jy giving a fluxsitgrvariability index of 0.30. The com-
pactness standard deviation is 7% giving a variability inde0.06. The unweighted radial extent standard
deviation is 7.37 mas giving a variability index of 1.16. TWweighted radial extent standard deviation is 0.72
mas giving a variability index of 0.57.

This is aclass B source Although the flux density and radial extent variability icgls show the source to
be variable, its core is very compact.
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Figure 4.24: (a):Source image:1741-038. (b):Plot of Flilengity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

1741-038 has been optically identified as a quasar at a fedshi05.

It is one of the best observed sources in this sample and shognadual increase in the flux density from
the first epoch to the last, fig(b). When first observed in mi€i419t has a flux density of about 2 Jy and
this increases to 5.8 Jy by early 2007. Flux-density fluobmain this source have been reported in some
monitoring programs (Fiedler et al., 1987; Hjellming & Ngaa, 1986). The source is also a known intra-day
variable (Quirrenbach et al., 1992). The compactness gdat 95% and 100% for most epochs, making this
source a very compact source. The unweighted radial exddmttiveen 1 and 4 mas. The weighted radial
extent is between 0.2 and 0.9 mas.

The flux density standard deviation is 1.05 Jy giving a fluxsitgnvariability index of 0.33. The compact-
ness standard deviation is 3% , the mean is 96.17% givingiabiiity index of 0.3. The unweighted radial
extent standard deviation is 7.37 mas giving a variabilityex of 1.16. The weighted radial extent standard
deviation is 0.72 mas giving a variability index of 0.57.

This isclass B source
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4.2.25 1908-201

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.25: (a):Source image:1908-201. (b):Plot of Flilengity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

This source is a quasar at a redshift of 1.12.

It has been fitted with multiple components for all epochse iax density falls between 1 Jy and 3 Jy with
a mean of 1.99 Jy. The compactness is between 63% and 87% mithm of 76.66%. The unweighted radial
extent varies between 4 mas and 9 mas. The weighted radéaitdatls between 1 mas and 2 mas .

The flux density standard deviation is 0.45 Jy giving a fluxsitgrvariability index of 0.23. The com-
pactness standard deviation is 7% giving a variability inde0.09. The unweighted radial extent standard
deviation is 1.68 mas giving a variability index of 0.30. TWweighted radial extent standard deviation is 0.45
mas giving a variability index of 0.30. The variability indéor the compactness shows there is little variation
in the compactness. The variability indices for the radidept show significant variation as does the flux
density variability index.

This is aclass B source
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4.2.26 1921-293

Plot of Flux Density vs Time
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Figure 4.26: (a):Source image:1921-293. (b):Plot of FllenEity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

This is the brightest source in the sample. It is a quasar edshift of 0.35. It has been imaged at 5 GHz
and has a strong compact core with a flux density of 11.1 Jyn(8hal., 1997). It is unresolved by the VLA
(de Pater et al., 1985) at 5 GHz and at 1.4 GHz by the same instru(Perley, 1982) but slightly resolved at
2.3 GHz on baselines to Australia (Preston et al., 1989).

From our observations, the source has a core flux density 3§ 111 mid-1994. The image shows a slight
component to the north-east, fig(a). Modelfits show 2 comptier almost all epochs. The flux density falls
slightly to 9 Jy and rises to a high of 12.16 Jy in October 198§{b). After this, the core flux density in
on a general downward trend, falling to 4.8 Jy on early 200ie §ompactness varies a significantly, fig(c)
with a mean of 62.7%. The unweighted radial extent varieg lttle between 1994 and 2004. Between 2004
and 2007, it falls to around 2 mas from around 8 mas and théses sharply to around 15 mas, fig(d). The
weighted radial extent is also variable, fig(e). The flux dgrstandard deviation is 2.45 Jy giving a flux density
variability index of 0.33. The compactness standard driat 9% giving a variability index of 0.15. The
unweighted radial extent standard deviation is 8.17 maagi variability index of 0.93. The weighted radial
extent standard deviation is 0.53 mas giving a variabilityeix of 0.23. This is alass C source
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4.2.27 1954-388

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.27: (a):Source image:1954-388. (b):Plot of Fllengity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

This source is a quasar at a redshift of 0.63.

The image shows a component to the west, fig(a). Preston(&086) show in a previous VLBI observation
at 2.3 GHz, the presence of a very compact core. Shen et 88lf) &lso show a compact core with a flux
density of 1.9 Jy at 5 GHz. The flux density in early 1997 is d@t#8 Jy but begins to fall in 1999 until it
reaches a low of 0.85 Jy in late 2000, fig(b). After 2002, the flensity begin to go up and returns to previous
levels above 2 Jy. It is very likely a component was ejectdd/den 1998 and 2002 as the core compactness
decreases during this period and the weighted radial egtesg up.

The flux density standard deviation is 0.54 Jy giving a fluxsitgnvariability index of 0.25. The compact-
ness mean is 95.79% with a standard deviation of 5% givingiahitity index of 0.05. The unweighted radial
extent standard deviation is 2.17 mas giving a variabihiyeix of 0.77. The weighted radial extent standard
deviation is 0.52 mas giving a variability index of 0.93.

This source is @lass B source Its core is very compact but there is variation in the fluxsiignand the
radial extent.
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4.2.28 1958-179

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time
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Figure 4.28: (a):Source image. (b):Plot of Flux Densityigon. (c):Source Compactness. (d): Unweighted
radial extent. (e): Weighted radial extent

This source is a quasar at a redshift of 0.65. It is one of thstlebserved with only 9 epochs.

The flux density is on a general upward trend from 1998 to 20G¢), peaking in 2004. The compactness
is quite stable between 96% and 100% except for one point %t i852006. The mean is 96.28%. The
unweighted radial extent is also stable between 2 and 3 mas1B95 to late 2006 but shoots up to 6.5 mas in
early 2007.

The flux density standard deviation is 0.52 Jy giving a fluxsitgrivariability index of 0.45. The com-
pactness standard deviation is 4% giving a variability inde0.05. The unweighted radial extent standard
deviation is 2.29 mas giving a variability index of 0.82. TWweighted radial extent standard deviation is 0.56
mas giving a variability index of 3.29.

This source is very compact but both the radial extents Vaiyclass B source
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4.2.29 2052-474
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Figure 4.29: (a):Source image:2052-474. (b):Plot of Flilengity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

2052-474 is the southern most source in the sample. It is sagua a redshift of 1.49. The beam is
elongated in the north-south direction, fig(a), and this esakdifficult to resolve components in this direction.
The source was observed in only 10 epochs.

Its flux density falls between 0.8 Jy and 1.7 Jy, fig(b), with @amvalue of 1.37 Jy. The sources’ highest
value for radial extent coincides with its lowest value faxfldensity. It is very possible that a component
was eject around this time (2001). The compactness variegeba 75% and 100%, with a mean of 78.64%.
This source was excluded from the ATCA intraday variabsigynple because of extended structure (Kedziora-
Chudczer et al., 2001).

The flux density standard deviation is 0.34 Jy giving a fluxsitgrvariability index of 0.25. The com-
pactness standard deviation is 2.9% giving a variabilideinof 0.36. The unweighted radial extent standard
deviation is 10.66 mas giving a variability index of 1.02. iddex of 1.02 shows high variability. The weighted
radial extent standard deviation is 2.09 mas giving a véitindex of 1.56, showing very high variability in
the radial extent. This source shows very high variabilityhie radial extent. It is relatively compact but the
flux density also varies significantly. This i<kss D source
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4.2.30 2243-123
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Figure 4.30: (a):Source image:2243-123. (b):Plot of FllenEity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent

2243-123 was hamed as a superluminal candidate by Hong(#08B) and has been detected in the X-ray
and~-ray (Maisack et al., 1994; Fichtel et al., 1994). Itis a quad a redshift of 0.63.

It is quite extended in the north-east direction, fig(a).sltesolved with the VLA showing an extended
component at 4” from the core (Morganti et al., 1993). The flexsity varies between 1 Jy and 2 Jy, fig(b),
with a mean of 1.5 Jy. The core compactness varies betwearn 6% and 90%, (fig(c)) with a mean of
79.40%. The unweighted radial extent is quite high in eagj@ochs (around 10 mas) but begins to fall in
2000, falling to about 4 mas by late 2006, fig(d). Althoughtiuenbers are different, the trend is the same for
the weighted radial extent, fig(e).

The flux density standard deviation is 0.33 Jy giving a fluxsitgrindex of 0.22. The compactness standard
deviation is 6% giving a variability index of 0.07. The ungkied radial extent standard deviation is 1.77 mas
giving an index of 0.19. The weighted radial extent standkdation is 0.48 mas giving an index of 0.24.

This is aclass B source
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4.2.31 2255-282

Plot of Flux Density vs Time Plot of Model Flux as Fraction of Total Flux vs Time

" 2255.283_fluxvariation. " using 12 —+— " +2255-282 fluxvariation txt" using 13 —+—

Flux Density (Jansky)
X)/(Total Flux)

°
(Model Flu
°
o

06 . . . . . . . 06 . . . . . . .
L i 1994 1996 1998 2000 2002 2004 2006 2008 2010 1994 1996 1998 2000 2002 2004 2006 2008 2010
Time (Years) Time (Years)

(a) (b) (©)

Plot of Unweighted Radial Extent vs Time Plot of Weighted Radial Extent vs Time

T T
cosum.txt —e—

Unweighted Radial extent
Weighted Radial extent

. . . . . . . 05 . . . . . . .
994 1996 1998 2000 2002 2004 2006 2008 1994 1996 1998 2000 2002 2004 2006 2008
Time (Years) Time (Years)

() (e)

Figure 4.31: (a):Source image:2255-282. (b):Plot of FllenEity Variation. (c):Source Compactness. (d):
Unweighted radial extent. (e): Weighted radial extent.

2255-282 is a quasar at a redshift of 0.93. It has a compobpehetsouth-west, fig(a). Modelfits show
2 components for most epochs (see Appendix A)-fay flare was detected from this source by EGRET in
early January 1998 (Macomb et al., 1999). Prior to this fldris, source did not receive much attention. It
had no prominent radio or optical bursts recorded in theditee and was classified as a low-priority source
in an AGN monitoring program undertaken by Tornikoski et(2B96). The flux density falls between 0.7 Jy
and 1.25 Jy, fig (b). In mid-1994, the source has a core fluxiyeofsabout 0.93 Jy which drops to 0.82 Jy in
mid-1995 then it peaks to 1.24 Jy. It falls again to 0.91 Jyaeaks in early 1997 to a high of 1.25 Jy but falls
just before the flare (December 1997). In April 1997, thisrsewas observed to have a flux density of 8 Jy at
90 GHz, which was about twice the flux density which had beeseoked about a year earlier (Tornikoski et al.,
1999). Our observations on 31 March 1997 gives the highestfbux density for all epochs and it is possible
there was a wave outburst around this time which resulted inaease in the flux density and coincides with
the flare in the millimeter regime. The compactness ranges fibout 62% to 90% with a mean of 79%, fig
(c). The standard deviation is 10% and the compactness ofd@x.3. The unweighted radial extent mean
is 6.54 mas with a standard deviation of 3.49 mas and an infl@x68. The weighted radial extent mean is
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2.29 mas with a standard deviation of 2.05 mas and an index88f Ohis source is not very compact, has a
component and is quite active, it ikss D source
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4.3 Summary of Results

Results and figures for all sources discussed above are sisechan Table 4.4

Table 4.4: Results of variability analysis in the flux depsibmpactness and radial extent.

[

Source Namg Core Flux Density] Compactness Unweighted Radial Extent Weighted Radial Exten

Ocore Jcore/s ocC JC/C ORyw ORyw /RUW O Rw O Ry /RW
0003-066 0.31 0.20| 0.07 0.11| 2.22 0.36| 0.40 0.24
0104-408 0.29 0.23| 0.04 0.04| 17.13 2.18| 1.24 1.33
0238-084 0.20 0.22| 0.10 0.19| 16.13 0.93] 0.10 0.27
0336-019 0.48 0.25| 0.08 0.10| 2.32 0.76| 0.64 0.64
0402-362 0.11 0.09| 0.03 0.03| 4.54 0.56| 0.26 0.22
0454-234 0.59 0.34| 0.02 0.02| 1.78 0.56| 0.31 0.67
0458-020 0.31 0.40| 0.15 0.22| 17.93 1.10| 1.02 0.46
0537-441 0.74 0.24| 0.21 0.23| 18.23 2.29] 4.09 2.38
0727-115 0.71 0.30| 0.05 0.06| 1.77 0.29| 0.30 0.26
0919-260 0.83 0.63| 0.11 0.15| 1.55 0.24| 0.34 0.20
0920-397 0.18 0.17| 0.11 0.12| 2.98 0.41| 0.94 0.52
1034-293 0.30 0.27| 0.21 0.24| 8.22 1.41| 0.68 0.75
1124-186 0.19 0.21| 0.02 0.02| 16.50 2.40| 0.29 1.18
1144-379 0.39 0.29| 0.05 0.06| 20.66 2.15] 1.79 4.10
1145-071 0.11 0.16| 0.10 0.13| 2.26 0.37| 0.24 0.18
1253-055 0.27 0.04| 0.15 0.23| 0.50 0.04| 0.25 0.11
1255-316 0.24 0.20| 0.11 0.14| 11.86 0.84| 0.67 0.25
1313-333 0.28 0.35| 0.05 0.07| 3.05 0.39| 0.40 0.31
1334-127 0.55 0.26| 0.04 0.04| 1.87 0.52| 0.62 0.74
1351-018 0.25 0.32| 0.03 0.03| 1.86 0.73| 2.93 1.94
1424-418 0.49 0.29| 0.08 0.11| 11.07 0.47| 1.88 0.55
1451-375 0.30 0.27| 0.07 0.08| 5.40 0.58| 3.71 10.08
1514-241 0.30 0.17| 0.05 0.06| 3.90 0.21| 0.78 0.23
1622-253 0.38 0.30| 0.05 0.06| 7.37 1.16| 0.72 0.57
1741-038 1.05 0.33| 0.03 0.03| 1.24 0.57| 0.22 0.66
1908-201 0.45 0.23| 0.07 0.09| 1.68 0.30| 0.45 0.30
1921-293 2.45 0.33| 0.09 0.15| 8.17 0.93| 0.53 0.23
1954-388 0.54 0.25| 0.05 0.05| 2.71 0.77| 0.52 0.93
1958-179 0.52 0.45| 0.04 0.05| 2.29 0.82| 0.56 3.29
2052-474 0.34 0.25| 0.29 0.36| 10.66 1.02| 2.09 1.56
2243-123 0.33 0.22| 0.06 0.07| 1.77 0.19| 0.48 0.24
2255-282 111 1.17| 0.10 0.13] 3.49 0.53| 2.05 0.89
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Table 4.5: Classification of the Sources.

Source Core Flux Density| Compactness Unweighted R.E | Weighted R.E | Image Sum of Class
Name Ocore/S W | meany W | or,w/Ruow W | ogy, /Rw W % Weights (%)
0003-066| 0.20 10| 68 10| 0.36 16| 0.24 16 8 60 C
0104-408| 0.23 8| 96 40| 2.18 2| 133 2 8 60 c
0238-084| 0.22 8| 52 0] 0.93 4| 0.27 16 2 30 D
0336-019| 0.25 8| 87 30| 0.76 8| 0.64 8 6 60 C
0402-362| 0.09 10| 92 40| 0.56 12| 0.22 16| 4 82 A
0454-234| 0.34 8| 94 40| 0.56 12| 0.67 8| 10 78 B
0458-020| 0.40 8| 67 10| 1.10 2| 0.46 12| 4 36 D
0727-115| 0.30 8| 85 30| 0.29 16| 0.26 16 6 76 B
0919-260| 0.63 4| 74 20| 0.24 16| 0.20 20 6 66 B
0920-397| 0.17 10| 85 30| 0.41 12| 0.52 12| 10 74 B
1034-293| 0.27 8| 87 30| 141 2| 0.75 8 8 56 C
1124-186| 0.21 8| 98 40| 2.40 2| 118 2| 10 62 B
1144-379| 0.29 8| 92 40| 2.15 2| 4.10 2 8 60 C
1145-071| 0.16 10| 80 30| 0.37 16| 0.18 20 6 82 A
1253-055| 0.04 10| 64 10| 0.04 20| 0.11 20 2 62 B
1255-316| 0.20 10| 78 20| 0.84 4] 0.25 16 6 56 C
1313-333| 0.35 8| 78 20| 0.39 16| 0.31 16| 4 64 B
1334-127| 0.26 8| 94 40| 0.52 12| 0.74 8 8 76 B
1351-018| 0.32 8| 94 40| 0.73 8| 1.94 2 6 64 B
1424-418| 0.29 8| 79 20| 0.47 12| 0.55 12 6 58 C
1451-375| 0.27 8| 88 30| 0.58 12| 10.08 2 6 58 C
1514-241| 0.17 10| 79 20| 0.21 16| 0.23 16 2 64 B
1622-253| 0.30 8| 90 40| 1.16 2| 0.57 12 6 68 B
1741-038| 0.33 8| 96 40| 0.57 12| 0.66 8 8 76 B
1908-201| 0.23 8| 77 20| 0.30 16| 0.30 16 6 66 B
1921-293| 0.33 8| 63 10| 0.93 4] 0.23 16| 4 42 C
1954-388| 0.25 8| 96 40| 0.77 8| 0.93 4 4 64 B
1958-179| 0.45 6| 96 40| 0.82 4| 3.29 2| 10 62 B
2052-474| 0.25 8| 79 20| 1.02 2| 1.56 2 8 40 D
2243-123| 0.22 8| 79 20| 0.19 20| 0.24 16| 4 68 B
2255-282| 1.17 2179 20| 0.53 12| 0.89 4 4 42 D
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Chapter 5

Discussion

5.1 Discussion

The 31 sources in this thesis are a subset of sources in tHeRRD Kinematic survey. While the Kine-
matic survey looks more at proper motion in the sources aG8i4, this thesis concentrates on the calibrator
properties of the sources at 2.3 GHz, with the goal of dewetpp way to quantify how good a source is as
a calibrator. A calibrator should ideally be compact, uahesd, bright and the flux density should be stable.
Unfortunately, there is no such thing as a perfect caliloratbost calibrator sources are AGN and these are
known to vary at almost all wavelengths at which they havenbaeserved. They are also known to show
structure down to milliarcsecond scales. It is thereforessary to monitor calibrators at different frequencies
and resolutions and tailor them for a particular appligatibhe sources in this thesis can be used for medium
to long baselines. These sources have been observed at $timedangest baselines possible with very high
resolution, milliarcsecond scale, and so are resolvedtdfescopes like meerKAT, ASKAP and SKA, most of
these sources can be used as calibrators as they are uttikmyresolved by these telescopes.

The sources were observed using the technique of VLBI, iiéhMLBA as the core of all observations
together with a global array of telescopes. They are paht@RRFID, which is a result of the USNQO’s ongoing
program to image the radio reference frame sources on aaregasis. The observation epochs are from July
1994 to January 2008, giving a total of 32 epochs and an ae@fa?P) epochs for the 31 sources. Observations
were made in dual frequency bandwidth synthesis mode, @pimnaging at both frequency bands (2.3 and
8.4 GHz). The data were correlated at the Array OperatiomgeCén Socorro, New Mexico. The data were
calibrated using AIPS. System temperature tables and gaies generated during observations were used to
calibrate the amplitudes. Imaging was done in interactiee@in Difmap due due poer-v coverage. Models
were fit to the visibility data in Difmap. Modelfitting is uséd parameterize characteristics of the sources, in
particular to determine component location and flux density

To analyse the data, | used a combination of the source intlageore flux density, the compactness, the
unweighted radial extent and the weighted radial extene ifitage gives an idea of the source morphology.
The core flux density was determined using the Gaussian coempd fit to the core. This was done for all
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epochs at which each source was observed. A plot of core flogityeagainst time was then made for each
source. The compactness gives an indication of how poiatdilsource is and is calculated by dividing the
core flux density by the total flux density. The unweightedabextent provides a measure of how extended a
source is. It is the radius within which 95% of the flux densstgontained. The weighted radial extent gives
another measure of core-dominance. The presence and odgoitproper motion is an important additional
criteria that can be used to analyse and categorise theesoassccalibrators.

From the above criteria, the standard deviation and a \ifityaindex was calculated for each parameter
for each source. The mean compactness for all the source7nig®2vith a standard deviation of 11.54%. All
sources have a mean compactness variability index beldiv @Zsources have a variability index between 0
and 0.2 and the remaining 4 between 0.21 and 0.40, see FiglréAbindex of 0.0 shows no variation at all.
In general, the southern sample sources are very compduclitiié variation.

90% of the sources have a core flux density variability indebow 0.4, with 29% of these having a vari-
ability index below 0.2, see Figure 5.1. This also showsdlsggirces generally have stable core flux densities.
The unweighted radial extent variability index of more wjddistributed. 6% of the sources have an index
below 0.2, 23% have an index between 0.21 and 0.40 while 26 daindex between 0.41 and 0.60. About
10% have an index between 0.61 and 0.80 while 35% have an grdater than 0.80, showing very high vari-
ability in the unweighted radial extent. The weighted radident is also widely distributed with 10% of the
sources having an index between 0 and 0.2, showing mininmeltian in the weighted radial extent. 32% of
the sources have an index between 0.21 and 0.40 while 13%ahanelex between 0.41 and 0.60. 16% of the
sources have an index between 0.61 and 0.80 giving a rest) (28% an index greater than 0.81. Again, this
shows a very high degree of variability in the weighted rbetident.

The source image, variability indices and the mean compastmwere given each a score whose total
determined which calibrator class an image would fall infidie mean compactness has a weight of 40%,
the source image 10%, the core variability index 10% and thghted and unweighted radial extent 20%
each. A source falls into class A if its overall score is betw80 and 100%, class B if the score is between 60
and 80%, class C is if scores between 40 and 60% and class Byfscare below 40%. From our classification
scheme, we have 2 class A sources, 16 class B sources, 9 dassdes and 4 class D sources.

We have developed a multi-parameter method to judge andifgla®urces into different calibrator cate-
gories. This classification scheme is by no way complete tastigges a good starting point. All the sources in
this sample are relatively bright wit}, > 300 mJy. One source, 0238-084 has a double-jets structure.€she r
of the sources have been noted to have a core-jet structurmsiscales and some might exhibit superluminal
motion as can be seen from the modelfits.

This work is also useful for the ICRF which suffers from a diéfid southern sources with an average of
one source per 8x8 degrees on the sky (Charlot et al., 20842 (VLBI Space Observatory Programme-2)
which will observe with both northern and southern teleesp@nd any other VLBI observations involving
telescopes in the southern hemisphere.
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5.2 Conclusions and Future Work

We have developed a multi-parameter method to classifycesuas calibrators. This was achieved by fitting
Gaussian models to the visibility data of the sources. Fiug) the core flux density and source compactness
was determined. The weighted and unweighted radial exterd aiso determined and together with the source
image, these parameters were used to classify the soutttissldssification scheme yielded 2 class A sources
(6%), 16 class B sources (52%), 9 class C sources (29%) arag Dlsources (13%).

This classification scheme can be improved on by lookingeaptesence and magnitude of proper motion
in the sources. This will be used as an additional criterielagsify the sources. The modelfits have already
been done but this is beyond the scope of this thesis but eithdduded in future work. Sources 1334-127 and
2243-123 are named as superluminal candidates in thetliterand it is worthwhile to investigate further to
see if these sources exhibit superluminal motion at 2.3 @RA%3-055 is a confirmed superluminal source and
it is worthwhile to determine the apparent speed at 2.3 Gldzcampare it with the published data. It is also
worthwhile to follow up on sources that have been fitted witrenthat one component at other frequencies
to see if the same components are fitted at the same positipe amd radius from the phase centre. This can
help answer questions on the nature of AGN jets.

Sources 1334-127 and 2255-282 are known to have undergoes iita1992 and 1998 respectively. We
have a number of epochs of radio data for the source 2255-282 gnd around the time of the flare. It
is worthwhile to investigate if a radio flare occurred beforeafter thevy-ray flare. This will help in the
understanding of the energetics of outbursts

Finally, | also intend to observe and analyze more sourcesder to densify the southern hemisphere
calibrator grid and to gather and measure improved posifionthese and potential calibrator sources.
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Appendix A

Modelfits

The models fitted to the visibility data are of Gaussian foritinflux densityS and FWHM major axis:, with
major axis in position anglé (measured north through east). Components are separatedtfe (arbitrary)
origin of the image by an amounin position anglé, which is the position angle (measured north through east)
of a line joining the components with the origin. The soureene is derived from B1950 co-ordinates. The
components are assigned a number, O representing the coppoent. 99 represents unidentified components
that could not be linked to components in other epochs.

These are raw results from the model-fitting algorithm hetheevariation in significant figures. Some
components have = 0 and this is only a result of the model-fitting process and legghysical meaning.

76



Table A.1: Derived parameters of sources in sample.

Source Name Epoch Component S a ¢ Axial Ratio r 0
(Jy)  (mas)  (deg) (mas) (deg)

0003 — 066 1995.78 0 2.2884 0.260  128.67 1.00000 1.224 -30.440
1995.78 1 0.5290 3.941 -71.76 1.00000 3.330 -10.567
1997.08 0 1.4763 0.227 134.34 1.00000 1.516 -11.083
1997.08 1 0.6710 2.928 -73.36 1.00000 4.236 15.828
1997.25 0 1.4594 0.235 135.87 1.00000 1.551 2.670
1997.25 1 0.6374 3.034 -72.72 1.00000 3.842 9.666
1997.38 0 1.4645 0.291  119.25 1.00000 1.305 16.874
1997.38 1 0.7847 2.718 -74.28 1.00000 4.024 26.091
1997.56 0 14111 0.301 113.29 1.00000 1.399 0.000
1997.56 1 0.7174 2.912 -74.00 1.00000 3.925 15.219
1997.69 0 15232 0.371 135.07 1.00000 1.569 -15.219
1997.69 1 0.6735 3.083 -73.08 1.00000 3.858 -30.059
1997.96 0 1.4642 0.345 125.22 1.00000 1.390 -10.097
1997.96 1 0.7512 2.932 -73.72 1.00000 3.748 -4.002
1998.11 0 1.2724 0.248 126.81 1.00000 1.331 -9.806
1998.11 1 0.7387 2.932 -72.03 1.00000 3.827 -26.091
1998.29 0 1.3181 0.296 126.36 1.00000 1239 -108.796
1998.29 1 0.7671 2.836 -74.23 1.00000 3.929 0.000
1998.48 0 1.2266 0.303 116.73 1.00000 1.183 0.000
1998.48 1 0.8329 2.735 -70.35 1.00000 4.402 -26.091
1998.61 0 1.2581 0.283  134.63 1.00000 1.099 0.000
1998.61 1 0.8308 2.643 -74.89 1.00000 4.198 -9.271
1998.97 0 14314 0.269 90.05 1.00000 1.690 0.000
1998.97 1 0.5733 3.382 -74.34 1.00000 3.539 -149.560
2006.53 0 1.4669 0.094 41.50 0.602167 1.783 -67.579
2006.53 1 0.5307 6.012 -82.11 1.00000 1.499 -4.666
2006.70 0 2.0304 0.179 72.70 0.540124 3.621 33.674
2006.70 1 0.6451 5.905 -76.09 1.00000 2.132 -6.980
2007.07 0 1.9609 0.358 163.29 0.00000 2.036 -77.598
2007.07 1 0.6084 5.566 -81.74 1.00000 1.689 -3.736
2007.48 0 2.0587 0.154 -136.42 0.693757 1.950 87.280
2007.48 1 0.6443 6.046 -80.25 1.00000 2.057 -13.758
2007.58 0 1.4642 0.052 -20.15 0.367055 1.447 74.515
2007.58 1 0.3568 6.446 -78.31 1.00000 0.347 15.633
2007.93 1 0.4250 6.190 -85.51 1.00000 0.916 -30.661
2007.93 0 1.6711 0.041 -17.48 1.00000 1.933 -86.502
2008.06 0 1.7860 0.123 171.34 1.00000 2.131 89.748
2008.06 1 0.5245 5.600 -80.05 1.00000 2.317 -8.357

0104 — 408 1997.08 0 1.4146 0.014 -3.21  3.14912e-09 0.819 24.p25
1997.08 1 0.0298 6.682 23.74 1.00000 2.697 4.002
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...continued from previous page
Source Name Epoch Component S a 1) Axial Ratio r 0
(Jy) (mas)  (deg) (mas) (deg)

1997.25 0 1.3128 0.012 -164.94 0.151410 1.112 28.286
1997.38 0 1.5216 0.005 50.76 1.00000 0.506 0.000
1997.38 1 0.0224 7.448 21.76 1.00000 0.153 -13.758
1997.56 0 1.5026 0.028 -14.19  1.25086e-09 1.372 44859
1997.56 1 0.0213 12.306 85.91 1.00000 3.457 9.271
1997.96 0 1.4747 0.013 -3.64 0.00000 1.041 19.198
1997.96 1 0.0216 3.084 40.51 1.00000 1.000 -90.000
1998.11 0 1.3614 0.095 4.80 1.00000 0.428 -74.960
1998.11 1 0.0105 9.025 26.09 1.00000 0.397 -69.965
1998.29 0 1.6564 0.014 -107.89 0.00000 0.747 44.315
1998.29 1 0.0485 2.313 49.12 1.00000 1.000 -34.975
1998.48 0 1.4023 0.005 70.90 0.545372 1.171 5.598
1998.48 1 0.0123 8.564 88.39 1.00000 1.000 -90.000
1998.61 0 1.3996 0.005 117.92 4.68679e-09 0.394 46704
1998.97 0 1.2689 0.003 -82.50 2.34431e-09 0.900 37.301
1998.97 1 0.0183 2.716 60.21 1.00000 1.000 -5.594
1999.47 0 1.5293 0.001 -40.34 1.00000 1.077 -51.545
2000.81 0 1.2722 0.020 -2.97 0.155092 3.029 0.987
2001.35 0 1.5242 0.021 144.17 1.00000 0.950 -6.211
2002.04 0 1.1073 0.007 157.22 0.209670 1.218 31.831
2002.04 1 0.0231 8.475 80.28 1.00000 1.000 -13.758
2004.54 0 0.7162 0.019 159.54 0.619280 1.305 -4.488
2007.07 0 0.9514 0.036 -1.74 0.109563 19.169 -16.033
2007.24 0 0.8104 0.023  170.33 1.00000 0.631 -159.833
2007.48 0 1.1035 0.066 178.83 0.149887 3.763 0.169
2007.52 0 0.6537 0.067 9.86 5.87314e-09 9.072 10.R69
2007.93 0 0.9485 0.010 122.98 1.00000 1.549 -19.603
2008.06 0 1.5153 0.103 212 0.00000 5.886 1.024

0238 — 084 1995.28 0 1.1182 0.178 -124.68 4.02624e-09 4.404 63.894
1995.28 1 0.2923 6.205 64.98 1.00000 2.408 0.000
1995.28 3 0.0441 17.362 -115.59 1.00000 0.000 10.p97
1995.28 2 0.0434 12.718 65.35 1.00000 3.848 -29.233
1997.08 0 0.8330 0.162 47.31 0.00000 5.085 63.656
1997.08 1 0.3056 7.099 60.89 1.00000 4.156 0.000
1997.08 3 0.0476 17.498 -113.90 1.00000 2.571 -33.141
1997.08 2 0.0254 15.715 62.07 1.00000 0.545 -53.896
1997.25 0 0.8366 0.079 26.31 0.175274 4.630 64.039
1997.25 1 0.3342 6.927 59.89 1.00000 4.348 38.079
1997.25 3 0.0431 17.666 -113.80 1.00000 1.663 -9.271
1997.25 2 0.0164 15.781 66.25 1.00000 0.000 180.p00
1997.38 0 0.9513 0.128 62.06 3.77201e-09 4.670 63.068
1997.38 1 0.3181 6.795 61.32 1.00000 3.245 21.393
1997.38 3 0.0380 17.559 -113.35 1.00000 1.860 0.000
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...continued from previous page
Source Name Epoch Component S a 1) Axial Ratio r 0
(y) (mas)  (deg) (mas)  (deg)

1997.38 2 0.0166 12.910 55.37 1.00000 0.000 4.666
1997.56 0 0.8798 0.125 -33.04 0.00000 4.132 68.136
1997.56 1 0.3334 6.790 59.61 1.00000 3.710 36.299
1997.56 3 0.0482 17.741 -112.34 1.00000 3.596 26.091
1997.56 2 0.0224 13.205 62.94 1.00000 3.101 0.000
1997.96 0 1.0356 0.106  165.56 0.00000 4.486  64.001
1997.96 1 0.3796 7.053 60.66 1.00000 4.280  73.319
1997.96 3 0.0592 17.470 -112.93 1.00000 3.150 -5.594
1998.11 0 0.7979 0.201 -125.21 3.41215e-09 3.798 70/714
1998.11 1 0.3637 6.635 58.27 1.00000 5.230  36.299
1998.11 3 0.0333 17.524 -113.37 1.00000 1.400 0.000
1998.29 0 0.9726 0.077 110.54 0.0952791 3.846 70.791
1998.29 1 0.3551 7.030 59.89 1.00000 4.699  26.091
1998.29 3 0.0450 18.313 -116.19 1.00000 3.920 0.000
1998.48 0 0.9737 0.226 -119.40 0.00000 3.982 72.837
1998.48 1 0.2435 6.993 57.14 1.00000 4.482 -9.271
1998.61 0 0.9393 0.134 -166.60 0.308484 2923 67.835
1998.61 1 0.3202 6.998 62.69 1.00000 3.417 -20.641
1998.97 0 0.9910 0.165 -132.09 0.0893961 3.913 71.328
1998.97 1 0.3278 7.061 59.48 1.00000 4.661 -5.594
1998.97 3 0.0561 18.889 -114.78 1.00000 4.828 -36.299
1999.47 0 1.0189 0.109 -147.42 2.74694e-09 3.994 73]198
1999.47 1 0.2562 6.747 59.27 1.00000 3.970 31.471
1999.47 3 0.0311 19.258 -112.09 1.00000 3.198  40.013
2000.81 0 0.8938 0.170 -110.13 0.338381 4.121 65.842
2000.81 1 0.2260 6.850 60.03 1.00000 3.720 14.955
2000.81 3 0.0666 20.814 -110.81 1.00000 4293 -13.758
2000.81 2 0.0350 15.528 64.36 1.00000 8.190 22.770
2001.35 0 1.0502 0.030 107.20 0.689749 4.261 72.1158
2001.35 3 0.0909 21.662 -105.40 1.00000 3.122  -44.403
2002.04 0 0.7294 0.202 1.64 0.601297 3.353  71.926
2002.04 1 0.2609 5.803 54.77 1.00000 3.851 -7.965
2002.04 2 0.0995 14.498 -112.88 1.00000 4.750 0.000
2007.93 0 0.2591 0.105 -92.34 1.00000 0.000 -18.080
2007.93 1 0.2410 10.990 66.38 1.00000 8.204 62.955
2007.93 3 0.0512 23.064 -114.87 1.00000 1.647 -22.770

0336 — 019 1995.56 0 2.3954 0.039 -107.07 3.47728e-09 1405 64343
1995.56 1 0.1375 2.389 64.95 1.00000 1.000 -12.736
1995.56 2 0.0461 7.221 59.89 1.00000 3.057 26.091
1995.75 0 2.0276 0.085 -126.89 0.921757 1.189 21.779
1995.75 1 0.2291 1.987 52.97 1.00000 2.078  11.083
1997.03 0 2.1530 0.045 -96.06 0.517211 1.507 68.819
1997.03 1 0.1012 2.128 64.34 1.00000 1.606 11.083
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...continued from previous page
Source Name  Epoch Component S a 1) Axial Ratio r 0
(y) (mas)  (deg) (mas) (deg)

1997.03 2 0.0406 6.621 56.27 1.00000 2.093 12.278
1997.08 0 1.7118 0.089 -135.47 0.426342 1.607 63.932
1997.08 1 0.2141 1.500 51.56 1.00000 2.228 13.758
1997.08 2 0.0395 5.418 59.61 1.00000 3.080 7.965
1997.25 0 1.8819 0.031 -92.01 0.530323 1.803 60.428
1997.25 1 0.0853 2.572 63.15 1.00000 2.184 6.211
1997.25 2 0.0288 6.594 60.50 1.00000 2.953 44.403
1997.38 0 1.8489 0.025 -106.54 0.482242 1.809 59.698
1997.38 1 0.0845 2.450 68.94 1.00000 1.843 26.091
1997.38 2 0.0484 7.527 64.85 1.00000 7.173 -11.083
1997.56 0 1.8489 0.025 -106.54  0.482242 1.809 59.698
1997.56 1 0.0845 2.450 68.94 1.00000 1.843 26.091
1997.56 2 0.0484 7.527 64.85 1.00000 7.173 -11.083
1997.96 0 1.7993 0.035 -124.20  0.282106 1.953 60.354
1997.96 1 0.0876 3.508 61.91 1.00000 2.289 7.965
1997.96 3 0.0133 12.844 78.47 1.00000 4.253 -164.867
1998.11 0 1.5242 0.151 -108.59  0.373872 1.745 64.738
1998.11 1 0.2686 1.706 63.34 1.00000 1.046 13.758
1998.11 2 0.0434 6.680 59.32 1.00000 3.968 82.727
1998.29 0 1.5464 0.257 -119.37  0.420547 1.603 68.969
1998.29 1 0.4638 1.563 59.93 1.00000 1.803 3.736
1998.29 3 0.0240 13.753 65.55 1.00000 4.406 20.167
1998.48 0 1.6969 0.232  -114.75  0.593405 1.605 47.699
1998.48 1 0.4571 1.684 65.55 1.00000 1.534 6.980
1998.48 2 0.0556 5.859 63.37 1.00000 4.869 -159.359
1998.61 0 1.4634 0.111 -94.11 0.423325 1.568 60.836
1998.61 1 0.3624 1.871 62.60 1.00000 1.000 11.083
1998.61 2 0.0316 8.341 55.38 1.00000 3.014 28.112
1999.47 0 1.6485 0.322 -119.13 0.519061 1.968 43.685
1999.47 2 0.0196 6.277 62.30 1.00000 3.266 44.403
2000.81 0 1.6177 0.173 -111.26 0.435486 1.838 57.417
2000.81 1 0.2487 2.723 63.92 1.00000 1.607 48.808
2001.35 0 1.2826 0.231 -135.54 0.428253 1.521 60.D05
2001.35 1 0.4448 2.000 63.35 1.00000 2.503 0.000
2002.04 0 1.3500 0.149 -122.91 0.714293 1.440 56.874
2002.04 1 0.3963 2.182 62.36 1.00000 1.977 0.000
2007.58 0 2.1921 0.112 174.52 0.639274 1.845 14.499
2007.58 2 0.0781 6.412 47.74 1.00000 1.388 52.556

0402 — 362 1997.08 0 1.3185 0.008 -106.69 0.00000 2.018 25.561
1997.08 1 0.0550 10.736 10.97 1.00000 2.323 0.000
1997.08 2 0.0454 21561 -0.90 1.00000 4.039 -5.088
1997.25 0 1.2834 0.012 62.63 0.289032 1.518 22.892
1997.25 1 0.0430 5.701 15.20 1.00000 0.772 -23.997
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Source Name  Epoch Component S a 1) Axial Ratio r 0
(y) (mas)  (deg) (mas) (deg)

1997.25 2 0.0796 16.976 4.34 1.00000 5.368 -26.091
1997.38 0 1.1287 0.112 -178.92 1.00000 0.699 180.000
1997.38 1 0.1054 6.318 10.23 1.00000 3.098 0.000
1997.56 0 1.3019 0.141 -176.90 1.00000 0.696  176.264
1997.56 1 0.1039 10.690 8.91 1.00000 2.337 0.000
1997.69 0 1.2636 0.011 0.54 1.00000 1.244 0.000
1997.69 2 0.0481 22.037 4.85 1.00000 6.581 -15.633
1997.96 0 1.2714 0.040 170.31 0.00000 2.570 13.952
1997.96 1 0.0770 7.839 18.83 1.00000 1.403 -5.088
1998.29 0 1.3615 0.050 -4.63  0.286372 1.981 17.384
1998.29 1 0.0393 16.633 9.63 1.00000 0.965 -12.549
1998.48 0 1.2642 0.013 -101.62 0.429430 2.008 8.314
1998.48 1 0.0522 14.560 6.05 1.00000 1.219 -30.440
1998.61 0 1.1046 0.002 19.64 1.00000 0.704 8.569
1998.97 0 0.9948 0.248 -168.13 1.00000 0.411 -3.736
1998.97 1 0.1464 3.115 17.90 1.00000 1.435 -3.114
1998.97 2 0.0556 19.122 3.91 1.00000 3.177 -3.114

0454 — 234 1994.52 0 2.0250 0.014 100.40 0.373468 1.538 52.577
1994.52 1 0.0678 4.796 -123.87 1.00000 2.529 44.403
1995.56 0 1.2446 0.032 87.82 0.678257 1.649 38.947
1995.56 1 0.0882 2.849 -126.48 1.00000 4.054 6.980
1995.75 0 1.3455 0.054 129.27 0.538309 2.436 -11.993
1995.75 1 0.0472 3.028 -113.44 1.00000 1.001 -4.666
1997.08 0 1.1388 0.034  144.14  0.598121 1.311 -20.821
1997.08 1 0.0570 2.752 -112.15 1.00000 1.902 -29.233
1997.08 2 0.0223 8.547 -143.93 1.00000 3.098 -20.167
1997.25 0 1.2336 0.017 87.08  0.569688 1.549 -10.978
1997.25 1 0.0278 2.938 -103.28 1.00000 1.199 -6.980
1997.25 2 0.0276 9.844 -142.54 1.00000 4.918 4.002
1997.38 0 1.2522 0.032 155.26 0.411741 1.581 -19.185
1997.38 1 0.0303 2.778 -97.06 1.00000 1.807 10.097
1997.38 2 0.0202 8.046  -139.27 1.00000 1.618 180.p00
1997.56 0 1.4623 0.030 148.82 0.453386 1.273 -21.902
1997.56 1 0.0410 2,998 -118.50 1.00000 1.070 -26.091
1997.56 2 0.0202 7.067 -145.01 1.00000 1.000 0.000
1997.69 0 1.5270 0.077 158.93 0.323645 2.390 -12.718
1997.69 2 0.0096 9.476 -137.51 1.00000 1.000 -5.088
1997.69 1 0.0676 2.837 -140.30 1.00000 1.927 0.000
1997.96 0 1.6028 0.020 55.04 0.616176 1.042 2.294
1997.96 1 0.1147 2.529 -136.80 1.00000 4.431 -13.758
1998.11 0 1.4538 0.056 172.38  0.466312 1.573 -7.512
1998.11 1 0.0485 3.346 -128.85 1.00000 1.080 -6.980
1998.11 2 0.0087 6.604 -108.80 1.00000 1.120 -174.912
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Source Name Epoch Component S a 1) Axial Ratio r 0
Iy) (mas) (deg) (mas) (deg)
1998.29 0 1.7221 0.022 161.77 0.473446 1.317 2.812
1998.29 1 0.0496 3.019 -121.72 1.00000 1.039 5.088
1998.29 2 0.0156 6.810 -131.04 1.00000 1.000 -4.308
1998.61 0 1.4780 0.022  118.46 1.00000 0.662 0.000
1998.61 1 0.0442 3.211  -122.73 1.00000 1.000 0.000
1999.47 0 30852.0 0.018  160.99 0.537975 1.709 -0.257
1999.47 1 0.0320 2.802 -103.46 1.00000 1.010 -174.912
2000.81 0 1.3329 0.022 142.42 0.560632 1.346 5.011
2000.81 1 0.0436 3.915 -123.70 1.00000 2.094 -18.080
2001.35 0 1.1337 0.010 174.62 0.645232 1.262 3.523
2001.35 2 0.0947 5.319 -132.24 1.00000 3.742 0.000
2002.04 0 1.6379 0.028 170.79 0.461680 1.432 25.214
2002.04 1 0.0331 3.845 -125.03 1.00000 1.000 33.141
2004.13 0 2.1350 0.009  148.66 0.756969 0.879 12.081
2004.13 1 0.0284 3.160 -108.47 1.00000 1.636 0.000
2004.13 2 0.0190 7.787  -143.32 1.00000 0.705 4.308
2004.54 0 2.0414 0.009 161.16 0.609262 0.862 -15.170
2004.54 2 0.0691 5.798 -143.33 1.00000 2.867 180.000
2007.24 0 2.8174 0.021 174.16 0.412951 1.935 19.938
2007.24 1 0.0343 4.029 -120.79 1.00000 0.588 -18.080
2007.93 0 3.0121 0.034  107.62 0.405911 1971 81.p71
2007.93 2 0.1033 6.256 -124.24 1.00000 2.459 13.758
0458 — 020 1995.75 0 1.4178 0.174  116.57 1.00000 0.953 -42.554
1995.75 1 0.2968 3.074 -51.24 1.00000 2.492 21.893
1995.75 3 0.1090 10.146 -60.72 1.00000 5.908 59.738
1997.03 0 1.3859 0.197 146.15 5.17347e-09 1.920 -43.268
1997.03 1 0.2144 3.316 -60.64 1.00000 1.679 26.091
1997.03 3 0.1657 11.250 -59.18 1.00000 10.089 6.980
1997.08 0 1.2534 0.233 130.83 0.341891 1.523 -44.271
1997.08 1 0.2024 2.482 -60.60 1.00000 1.417 12.278
1997.08 2 0.1191 5.392 -54.64 1.00000 3.029 0.000
1997.08 3 0.0659 13.620 -59.78 1.00000 4.473 16.374
1997.25 0 1.1240 0.152 128.58 0.341305 1.654 -47.090
1997.25 1 0.1766 2.639 -65.97 1.00000 1.511 -121.493
1997.25 2 0.1268 5.447 -50.79 1.00000 4.085 0.000
1997.25 3 0.0862 14.134 -61.32 1.00000 7.958 59.738
1997.38 0 1.2028 0.169 144.10 0.243802 1.657 -38.617
1997.38 1 0.2234 2.731 -61.76 1.00000 1.737 0.000
1997.38 2 0.0972 5.800 -51.94 1.00000 3.041 0.000
1997.38 3 0.0810 14.145 -60.29 1.00000 6.809 -5.088
1997.56 0 1.0897 0.160 111.40 0.351855 1.661 -46.269
1997.56 1 0.2347 3.234 -60.31 1.00000 2.676 -5.594
1997.56 3 0.0386 16.477 -65.27 1.00000 4.160 0.000
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1997.56 2 0.0908 8.411 -53.10 1.00000 6.795 0.000
1997.69 0 1.1458 0.169 136.44 0.514744 2.389 -24.938
1997.69 1 0.2117 3.741  -57.40 1.00000 1.510 15.633
1997.69 2 0.0522 9.224  -54.31 1.00000 2.816 -11.083
1997.69 3 0.0610 15.621 -60.64 1.00000 4.070 -14.955
1997.96 0 0.9754 0.209 142.98 0.224016 1.673 -51.074
1997.96 1 0.2134 3.038 -61.03 1.00000 1.649 29.233
1997.96 2 0.1047 6.982 -55.29 1.00000 5.657 7.965
1997.96 3 0.0705 16.159 -61.19 1.00000 6.729 0.000
1998.11 0 0.7107 0.624 133.48 1.00000 0.327 -9.271
1998.11 1 0.3934 1.683 -56.92 1.00000 1.803 -12.278
1998.11 2 0.0948 5.405 -52.58 1.00000 2.343 -18.080
1998.11 3 0.1110 13.125 -61.77 1.00000 10.330 14.955
1998.29 0 0.9070 0.148 135.75 0.192891 1.537 -57.250
1998.29 1 0.2027 2.615 -64.31 1.00000 1.642 -26.091
1998.29 2 0.1028 5126 -52.05 1.00000 3.032 -161.920
1998.29 3 0.0546 12.936 -62.63 1.00000 4.498 69.048
1998.48 0 0.6632 0.589 131.25 1.00000 0.886 -168.917
1998.48 1 0.3110 2.064 -55.04 1.00000 2.270 14.955
1998.48 2 0.0611 6.173  -48.56 1.00000 2.441 0.000
1998.48 3 0.0788 13.666 -64.18 1.00000 8.651 -6.211
1998.61 0 0.8170 0.328 116.06 0.364592 2.285 -56.937
1998.61 1 0.1912 3.751  -58.26 1.00000 2.978 0.000
1998.61 3 0.0142 12.101 -80.22 1.00000 2.050 -8.569
1999.47 0 0.7476 0.455 156.17 0.404500 2.458 -65.022
1999.47 1 0.1865 4.438 -53.50 1.00000 4.613 49.606
2000.81 0 0.5409 0.193 122.16 3.72686e-09 1.349 -76,147
2000.81 1 0.2252 3.573 -55.82 1.00000 2.148 164.367
2000.81 2 0.0814 11.569 -55.95 1.00000 11.252 18.080
2002.04 0 0.4182 0.261 111.49 0.454991 1.514 -39.612
2002.04 1 0.1584 3.016 -56.03 1.00000 1.778 12.278
2002.04 2 0.0844 5.251 -51.54 1.00000 1.603 0.000
2002.04 3 0.0968 13.342 -59.25 1.00000 9.959 50.757
2004.13 0 0.4794 0.160 38.41 0.443653 1.557 -33.929
2004.13 1 0.1789 4.334 -55.86 1.00000 1.815 -47.699
2004.13 3 0.0964 12.248 -55.66 1.00000 10.500 18.080
2004.54 0 0.5212 0.455 103.89 1.00000 2.190 -45.725
2004.54 1 0.1937 4.408 -55.07 1.00000 3.061 -12.278
2004.54 3 0.0414 16.181 -57.49 1.00000 6.577 -4.666
2006.53 0 0.5107 0.147 123.72 0.327577 1.442 -62.897
2006.53 1 0.1381 4982 -58.58 1.00000 2.145 10.097
2006.53 3 0.0631 12.618 -59.31 1.00000 10.472 0.000
2006.70 0 0.4863 0.103 130.55 0.357480 0.932 -67.855
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2006.70 1 0.1606 4.786 -55.83 1.00000 2.138 -9.271
2006.70 3 0.0385 11.301 -71.33 1.00000 5.000 -44.403
2007.07 0 0.6890 0.075 142.52 1.00000 1.031 -41.791
2007.07 2 0.1903 6.307 -50.18 1.00000 2.406 4.666
2007.24 0 0.5202 0.080 109.90 1.00000 0.583 -124.243
2007.24 2 0.1570 4707 -56.71 1.00000 2.345 -18.080
2007.24 3 0.0666 12.588 -59.92 1.00000 10.096 -33.141
2007.48 0 0.5137 0.222 12481 0.00000 1.074 -70.859
2007.48 2 0.1785 4.855 -54.63 1.00000 1.944 -5.594
2007.48 3 0.0455 13.619 -59.86 1.00000 11.852 -13.758
2007.52 0 0.4486 0.075 47.88 1.00000 0.808 -48.084
2007.52 2 0.1115 4.551 -56.38 1.00000 1.642 21.393
2007.52 3 0.0657 10.571 -64.66 1.00000 6.315 18.080
2007.58 0 0.5516 0.036 57.51 0.726153 1.079 24.592
2007.58 2 0.1689 4.933 -53.55 1.00000 2.876 12.278
2007.93 0 0.6516 0.037 89.83 0.509220 1.286 -47.794
2007.93 2 0.1364 6.696 -54.94 1.00000 2.776 -6.980
2007.93 3 0.0305 16.708 -63.58 1.00000 0.667 -18.080

0727 — 115 1994.52 0 4.3501 0.074 103.33 0.538033 0.713 68.946
1994.52 2 0.1093 8.779  -42.44 1.00000 2.096 -34.433
1994.52 1 0.3162 2,554 -50.24 1.00000 0.614 13.758
1995.28 0 2.9043 0.189 131.27 0.345261 1.235 43.833
1995.28 1 0.7584 1.799 -40.81 1.00000 2.067 -38.079
1995.28 2 0.1190 8.900 -39.79 1.00000 3.019 10.097
1995.52 0 2.7113 0.104 100.83 0.621084 1.375 21.647
1995.52 1 0.3701 2.301 -52.53 1.00000 1.134 16.374
1995.52 2 0.0891 8577 -43.20 1.00000 4.845 -11.083
1995.52 5 0.0297 19.014 -60.10 1.00000 7.900 180.000
1995.75 0 2.5194 0.249 143.84 1.00000 1.075 -38.079
1995.75 1 0.3775 2412 -42.72 1.00000 2.598 -11.083
1995.75 2 0.1825 8.734  -25.48 1.00000 11.698 -21.393
1995.78 0 2.5893 0.359 151.83 5.09368e-09 1.108 -63.585
1995.78 1 0.5781 1.829 -37.57 1.00000 3.487 9.271
1995.78 2 0.1693 9.201 -24.91 1.00000 10.508 -28.112
1996.31 0 1.8165 0.301 139.62 0.00000 0.686 56.577
1996.31 1 0.9924 1.153 -42.28 1.00000 2.427 26.091
1996.31 2 0.1624 9.495 -32.64 1.00000 11.564 22.770
1997.03 0 2.1988 0.115 106.23 0.701802 1.280 -15.956
1997.03 1 0.3486 2.626 -46.94 1.00000 1.240 -26.091
1997.03 2 0.0788 8.727  -46.62 1.00000 2.678 36.299
1997.03 0 2.0644 0.200 133.39 0.557037 1.217 -26.550
1997.03 1 0.3881 2.307 -48.34 1.00000 1.374 18.080
1997.03 3 0.0733 11.830 -6.49 1.00000 5.189 3.736
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1997.03 2 0.0722 7.309 -66.53 1.00000 5.291 15.633
1997.08 0 1.8579 0.158 109.98 0.628264 1.263 24.970
1997.08 1 0.3953 2.235 -48.30 1.00000 1.704 28.112
1997.08 2 0.0958 8.783  -47.24 1.00000 4.797 90.000
1997.25 0 1.8373 0.247 139.71 3.87436e-09 0.875 46,804
1997.25 1 0.6669 1.479  -44.13 1.00000 2.314 -33.141
1997.25 2 0.2016 7.926  -27.59 1.00000 11.582 -11.083
1997.38 0 21121 0.304 151.90 1.00000 0.748 -73.516
1997.38 1 0.7877 1.652 -33.78 1.00000 2.708 -170.729
1997.38 2 0.0636 7.631 -57.79 1.00000 3.181 7.965
1997.38 4 0.0663  14.909 -6.25 1.00000 5.548 7.965
1997.56 0 1.3944 0.314 152.95 4.34853e-09 0.622 -75/000
1997.56 1 0.8183 1.401 -26.20 1.00000 3.209 22.770
1997.56 2 0.0842 9.810 -39.69 1.00000 4.450 28.551
1997.69 0 1.5927 0.670 158.52 1.00000 0.653 36.8393
1997.69 1 1.0451 1.394 -28.84 1.00000 3.000 -6.980
1997.69 4 0.0353 14.398 -12.34 1.00000 2.835 13.758
1997.69 2 0.0496 10.802 -44.00 1.00000 2.746 -20.460
1997.96 0 1.6988 0.346  158.10 0.727005 0.879 -10.836
1997.96 1 0.9259 1.467 -31.00 1.00000 2.948 0.000
1997.96 2 0.0928 8.494  -40.11 1.00000 4.894 0.000
1997.96 4 0.0271 15.406 -55.00 1.00000 2.909 18.080
1998.11 0 1.6330 0.261 152.28 1.00000 0.461 0.000
1998.11 1 0.7592 1.309 -38.12 1.00000 2.666 18.080
1998.11 99 0.1377 5.844 -32.58 1.00000 7.020 6.210
1998.11 4 0.0815 14.292 -30.91 1.00000 16.706 -4.666
1998.29 0 2.4116 0.093 107.52 1.00000 0.980 3.503
1998.29 1 0.3358 2.536  -49.03 1.00000 2.017 11.083
1998.29 2 0.0983 10.177 -35.60 1.00000 5.032 13.758
1998.48 0 1.7118 0.421 153.08 1.00000 0.812 180.p00
1998.48 1 0.8487 1.297 -28.33 1.00000 2,711 0.000
1998.48 2 0.1366 8.645 -37.79 1.00000 10.877 36.299
1998.61 0 1.8714 0.217 149.70 1.00000 0.430 -33.141
1998.61 1 0.6997 1.220 -43.38 1.00000 2.817 21.393
1998.61 2 0.1790 8.931 -32.79 1.00000 12.103 -13.758
1998.97 0 1.6323 0.255 149.80 1.00000 0.602 6.211
1998.97 1 0.6302 1.430 -38.97 1.00000 2.959 38.079
1998.97 2 0.1660 9.088 -31.30 1.00000 11.870 -4.666
1999.47 0 1.6992 0.110 116.27 1.00000 0.914 23.997
1999.47 1 0.2950 2426  -45.64 1.00000 1.936 -23.997
1999.47 2 0.1869 7.327  -27.80 1.00000 13.504 -156.477
2000.81 0 1.4866 0.201 154.47 1.00000 0.455 26.091
2000.81 1 0.4558 1.720 -40.72 1.00000 2.951 -5.594
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2000.81 2 0.1414 8.085 -25.63 1.00000 11.432 3.736
2001.35 0 2.3447 0.074 132.83 1.00000 0.838 -33.141
2001.35 1 0.2079 2772  -49.11 1.00000 1.937 -23.194
2001.35 2 0.1069 7.722  -49.69 1.00000 3.459 9.271
2002.04 0 1.7921 0.254 164.39 1.00000 0.598 0.000
2002.04 1 0.4981 2179  -29.70 1.00000 3.151 33.141
2002.04 2 0.0940 8.961 -43.96 1.00000 6.608 46.894
2004.54 0 2.7975 0.035 82.37 1.00000 0.845 14.955
2004.54 1 0.2031 3.306  -45.67 1.00000 1.541 22.199
2006.70 0 2.5474 0.039 133.90 0.350984  1.304 -61.877
2006.70 1 0.2080 3.810 -41.43 1.00000 5.168 67.784
2007.07 0 3.4588 0.094 167.50 1.00000 1.263 60.436
2007.07 2 0.2070 7.033 -20.51 1.00000 3.754 49.606
2007.48 0 3.5299 0.082 155.90 1.00000 1.086 -19.603
2007.48 99 0.2048 5.892 -43.64 1.00000 3.749 -3.736
2007.52 0 2.5743 0.163 14154 1.00000 0.644 4.002
2007.52 1 0.5182 1715 -39.57 1.00000 1.861 23.997
2007.52 2 0.0679 10.089 -38.37 1.00000 2.185 -20.167
2007.93 0 2.8083 0.095 150.61 0.753046 1.720 -34.401
2007.93 2 0.1582 7.815 -35.42 1.00000 9.192 0.000
2008.06 0 3.4663 0.078 156.96 1.00000 1.028 -26.091
2008.06 99 0.2748 5.369 -32.85 1.00000 5.928 11.083

0919 — 260 1997.08 0 1.2244 0.161 142.46 0.492508 2.878 -78.794
1997.08 1 0.1371 3.663 -71.36 1.00000 3.443 19.603
1997.08 2 0.0562 7.759  -52.30 1.00000 5.049 -15.633
1997.25 0 1.4558 0.070 122.56 0.628415 2.772 -80.699
1997.25 1 0.1311 5415 -62.83 1.00000 4.691 0.000
1997.38 0 1.1028 0.162 110.54  0.788429  3.160 -57.471
1997.38 1 0.1310 5.542  -59.45 1.00000 3.831 37.298
1997.38 2 0.0136 14.307 -65.08 1.00000 1.704 -10.097
1997.56 0 1.2443 0.210 116.25 0.815718  2.979 -69.798
1997.56 1 0.1567 5.172  -59.56 1.00000 4.487 -135.597
1997.69 0 1.1878 0.119 38.45  0.403637  6.339 -26.166
1997.69 1 0.1368 4598 -77.64 1.00000 4.590 -67.784
1997.96 0 1.0180 0.226 146.63 0.596420 2.870 -84.836
1998.11 0 1.2171 0.048 51.53 0.617900 3.051 -81.196
1998.11 1 0.1242 5.955 -55.22 1.00000 3.055 -11.083
1998.11 2 0.1222 5.797  -58.42 1.00000 3.450 7.965
1998.29 0 1.1702 0.097 129.21 0.764626 3.152 -69.881
1998.29 1 0.1025 5796 -53.51 1.00000 3.631 22.199
1998.48 0 1.0607 0.120 105.30 0.732782  3.180 -75.043
1998.48 1 0.1129 6.500 -53.97 1.00000 4.423 44.403
1998.61 0 0.9523 0.101 94.79 0.480186 3.107 -73.993
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1998.61 1 0.1076 6.234 -52.48 1.00000 3.593 30.440
1998.97 0 0.9341 0.119 165.34 0.562780 3.268 -83.289
1998.97 1 0.0852 6.231 -51.68 1.00000 3.338 33.141
1999.47 0 0.9419 0.192  155.95 0.808868 2.966 -79.603
1999.47 1 0.1140 5.563 -58.19 1.00000 4.505 11.083
2000.81 0 0.7859 0.168 -80.71 0.714603 2.988 -79.574
2000.81 1 0.1760 5.252 -56.58 1.00000 6.280 -172.035
2001.35 0 1.2468 0.163 163.99 0.566931 2.858 -85.8366
2001.35 1 0.0998 5.822 -56.57 1.00000 2.867 -163.626
2002.04 0 1.0952 0.187 156.71 0.499977 3.492 87.430
2002.04 1 0.1147 5.462 -65.20 1.00000 4.166 50.757
2006.70 0 1.4977 0.091 149.04 1.00000 2.399 104.320
2006.70 1 0.0608 6.724 -99.15 1.00000 0.277 0.000

0920 — 397 1997.38 0 0.7995 0.178 -0.55 0.270388 5.281 -7.783
1997.38 1 0.1084 8.161 -174.52 1.00000 5.721 -5.088
1997.69 0 0.7918 1.165 -2.40 1.00000 1.094 6.211
1997.69 1 0.2394 6.267 -178.79 1.00000 4.407 -9.271
2008.06 0 1.4894 0.071 3.51 0.277315 4.228 -7.914
2008.06 1 0.0756 12.421 -179.46 1.00000 9.431 15.633

1034 — 293 1997.08 0 1.4109 0.102 -49.64 1.00000 0.529 0.000
1997.08 1 0.1817 1576  129.89 1.00000 0.980 16.374
1997.08 2 0.0374 6.162 65.06 1.00000 3.006 11.083
1997.25 0 0.8029 0.182 -49.89 1.00000 0.219 0.000
1997.25 1 0.1389 1581 126.78 1.00000 0.617 -4.666
1997.38 0 1.3360 0.008 40.51 0.151345 2.335 -34.287
1997.56 0 1.7652 0.050 -46.69  3.44094e-09 0.606 -65.[136
1997.56 1 0.1298 2261  137.47 1.00000 1.959 0.000
1997.69 0 1.4940 0.243 -28.59 1.00000 0.828 -29.584
1997.69 1 0.1967 2.457 142.49 1.00000 2.301 0.000
1997.96 0 1.2906 0.042 -93.97 1.00000 0.785 13.758
1997.96 1 0.0850 2.838  123.13 1.00000 1.675 26.091
1998.11 0 0.7216 0.109 -27.27 0.00000 0.925 -66.850
1998.11 1 0.0783 2.840 131.92 1.00000 2.697 6.980
1998.29 0 0.7753 0.179 -37.88 1.00000 1.031 -5.594
1998.29 1 0.1565 1.713 134.89 1.00000 3.049 26.091
1998.48 0 0.8316 0.041 24.16 0.510316 2.239 -51.823
1998.48 3 0.0216 35.110 139.85 1.00000 2.500 7.965
1998.61 0 0.9149 0.129 -42.99 0.157583 1.478 -54.983
1998.61 1 0.0708 2.709 121.51 1.00000 0.824 26.091
1998.61 2 0.0196 13.371  146.27 1.00000 4.001 3.Y36
1998.61 3 0.0103 25.859  133.34 1.00000 2.463 10.p97
1998.97 0 0.9650 0.171 -20.13 1.86644e-09 1.212 -37.065
1998.97 1 0.1397 1.859 121.92 1.00000 2.619 26.091
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2006.53 0 0.8529 0.008 173.57 1.00000 0.515 62.955
2006.70 0 0.7899 0.017 -18.27 1.00000 0.455 -50.757
2007.07 0 1.1748 0.038 -22.13 0.00000 2.161 -57.997
2007.07 3 0.0591 20.861  131.35 1.00000 17.093 0.p00
2007.24 0 1.1736 0.010 124.63 0.148535 2.420 -69.109
2007.48 0 1.0056 0.087 -59.36 0.297305 2.248 -65.577
2007.48 3 0.0257 21.984  126.57 1.00000 3.136 4.666
2007.48 1 0.0543 3.065 118.98 1.00000 1.613 12.278
2007.52 0 1.3115 0.021 122.04 0.256973 2.584 -47.060
2007.52 3 0.0248 25.479  128.73 1.00000 0.658 -5.088
2007.58 0 1.0900 0.038 -150.81 0.455296 2.171 -36.499
2007.58 2 0.0356 8.856 150.23 1.00000 0.000 -7.440
2007.58 3 0.0155 22.317 136.21 1.00000 2.974 0.000
2007.93 0 0.8893 0.071  145.37 0.524205 3.275 -33.133
2007.93 3 0.0270 21.194 130.66 1.00000 4.828 -2.803
2008.06 0 1.5123 0.056 -41.42 0.346102 2.682 -53.857
2008.06 1 0.0713 3.265 123.19 1.00000 1.823 -11.853

1124 — 186 1997.38 0 0.8168 0.005 -103.10 0.342735 1.612 -16.999
1997.38 2 0.0133 4.453 152.89 1.00000 0.000 168.917
1997.56 0 0.7657 0.089 -18.67 0.00000 0.500 -30.566
1997.56 1 0.0649 1560 157.96 1.00000 1.434 18.080
1997.69 0 0.6167 0.091 -15.02 1.00000 0.580 -36.299
1997.69 2 0.0251 6.678  169.52 1.00000 2.541 13.758
1998.29 0 0.8554 0.045 -14.83 0.509175 0.756 -15.893
1998.29 1 0.0383 2.376 164.90 1.00000 2.758 -15.633
1998.97 0 1.3257 0.117 5.46 1.00000 0.456 11.083
1998.97 1 0.1426 1.311 -174.49 1.00000 0.900 -38.079
2001.35 0 0.9674 0.013 -23.23 0.266434 1.676 -27.620
2001.35 2 0.0101 5.619 48.57 1.00000 1.140 65.591
2004.13 0 0.8947 0.100 -18.88 1.97137e-09 0.299 -18.p58
2004.13 1 0.0734 1702  159.32 1.00000 0.826 143.y01
2004.54 0 0.9533 0.112 -5.98 1.00000 0.417 -6.161
2004.54 2 0.0506 4.101 169.83 1.00000 2.392 33.141
2007.52 0 0.6962 0.105 -12.65 0.00000 0.176 -32.342
2007.52 2 0.0260 4.046 165.80 1.00000 1.375 13.758

1144 — 379 1997.08 0 1.2650 0.072 -37.23 0.00000 1.058 43.395
1997.08 1 0.2258 1.680 150.20 1.00000 2.258 0.000
1997.56 0 1.3340 0.025 -141.38 0.5202881.591 -11.126
1997.56 99 0.0590 3.012 125.51 1.00000 1.657 33.141
1998.97 0 1.1713 0.092 -15.06 0.337723 1.346 -29.755
1998.97 1 0.1829 1.994  159.84 1.00000 3.523 0.000
2001.35 0 1.1978 0.183 -20.63 1.00130e-09 1.638 -57.044
2001.35 2 0.0526 5.209 121.60 1.00000 3.293 153.909
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2002.04 0 0.5913 0.389 -24.08 1.00000 0.201 12.278
2002.04 1 0.2370 1.954 156.81 1.00000 2.797 5.088
2004.54 0 0.6965 0.046  162.90 0.438641  2.726 -33.798
2004.54 3 0.0140 17.739 14244 1.00000 0.000 -5.088
2007.07 0 1.9768 0.163 -0.85 0.246532 6.493 9.325
2007.07 3 0.0584 14.258  162.82 1.00000 3.117 19.603
2007.48 0 1.9801 0.042 -139.47 1.00000 0.719 -9.271
2007.48 1 0.1856 1.545 40.06 1.00000 2.720 -15.633
2007.58 0 1.8917 0.010 22.60 0.250491 1.986 -33.625
2007.58 2 0.2154 5.722 -107.85 1.00000 0.745 9.271

1145 — 071 1995.75 0 0.7795 0.046 46.99  0.384375  2.566 -63.948
1995.75 2 0.0420 10.162 -55.14 1.00000 6.469 -145.861
1997.08 0 0.7192 0.033 -92.37  0.297292  2.805 -69.152
1997.08 2 0.0147 9.581 -57.21 1.00000 0.000 15.633
1997.25 0 0.7174 0.012 -136.85 0.242305 2.744 -70.8314
1997.25 2 0.0208 10.587 -67.57 1.00000 4.076 8.569
1997.38 0 0.7844 0.027 166.95 0.378105 2.821 -62.014
1997.38 2 0.0508 10.949 -49.77 1.00000 10.604 -29.233
1997.56 0 0.7164 0.015 135.48 0.308711 2.726 -66.p05
1997.56 2 0.0392 10.282 -53.24 1.00000 6.297 -153.909
1997.69 0 0.7042 0.044  145.04  0.404078  2.664 -73.806
1997.69 2 0.0432 10.378 -55.36 1.00000 8.640 0.000
1997.96 0 0.6891 0.045 -57.75 0.281223 2.772 -73.211
1997.96 2 0.0437 10.214 -60.67 1.00000 9.499 6.980
1998.11 0 0.6326 0.043 -129.11 0.264112 2.854 -66.937
1998.11 2 0.0435 11.482 -59.47 1.00000 9.448 0.000
1998.29 0 0.7122 0.086 -95.26  0.310104  2.828 -68.957
1998.29 2 0.0332 11.248 -48.42 1.00000 6.234 -5.088
1998.48 0 0.6551 0.039 -50.06 0.477509 2.821 -65.812
1998.48 2 0.0357 10.460 -55.74 1.00000 10.574 3.503
1998.61 0 0.6352 0.068 -165.80 0.00000 2.796 -72.961
1998.61 2 0.0416 12.116 -55.42 1.00000 9.251 14.955
1999.47 0 0.5636 0.036 43.66 0.208985 2.865 -64.134
1999.47 2 0.0333 10.345 -58.52 1.00000 8.107 -18.080
2001.35 0 0.5453 0.035 147.45 0.192460 2.545 -66.814
2001.35 2 0.0336 9.189 -58.86 1.00000 8.529 -3.297
2002.04 0 0.3913 0.325 126.71 1.00000 0.567 23.523
2002.04 1 0.2170 1.924 -62.50 1.00000 1.488 -11.083
2002.04 2 0.0315 10.909 -54.40 1.00000 9.315 3.736
2007.07 0 0.8127 0.057  132.30 0.00000 1.571 -43.672
2007.07 1 0.1049 2.514 -53.17 1.00000 0.587 -156.477
2007.07 2 0.0332 12.164 -49.85 1.00000 6.907 -4.666

1253 — 055 1997.03 0 7.7625 0.196 55.33 0.479477 2.679 63.658
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1997.03 1 0.6083 14.805 -147.11 1.00000 5.127 10.p97
1997.56 0 7.7602 0.282 50.79 0.409632 3.017 62.726
1997.56 1 0.5658 14575 -146.83 1.00000 5.185 23.523
1998.97 0 7.2977 0.820 50.03 0.508446 4.307 48.969
1998.97 1 0.2946 14.761 -143.53 1.00000 0.000 36.299

1255 — 316 1997.38 0 1.0147 0.090 38.79 0.00000 3.065 13.139
1997.38 2 0.1809 9.798 23.08 1.00000 0.008 0.000
1997.38 3 0.0706 16.726 32.55 1.00000 0.755 -18.080
1997.56 0 1.0810 0.232 -169.10 0.00000 3.389 27.070
1997.56 1 0.1715 7.495 21.79 1.00000 0.906  180.000
1997.56 3 0.1017 14.042 35.01 1.00000 5.232 -55.757
1997.69 0 0.9710 0.105 -2.26  5.84387e-09 2.564 38.893
1997.69 1 0.3413 7.269 30.95 1.00000 7.727  173.790
1997.96 0 0.9963 0.094 -176.63 3.76214e-09 4.066 13/606
1997.96 1 0.2938 7.222 23.97 1.00000 3.824 -18.080
1997.96 3 0.0808 15.163 38.90 1.00000 2.644 -3.736
2001.35 0 1.0255 1832 164.33 1.00000 2.027 -6.335
2001.35 1 0.2196 9.373 3.41 1.00000 3.693 7.965
2004.54 0 1.6910 0.013 117.66 0.659293 2.810 -9.115
2004.54 4 0.0643 26.032 28.73 1.00000 2.845 0.000
2007.07 0 1.4143 0.092 -81.70 1.00000 1.239 5.885
2007.07 3 0.0512 16.449 39.41 1.00000 1.216 -16.874
2007.07 1 0.1733 12.379 20.13 1.00000 2.000 -12.736
2007.24 0 0.9869 0.301 -171.89 1.00000 1.269 -15.633
2007.24 1 0.2764 6.073 21.88 1.00000 3.960 -26.091
2007.24 3 0.0607 16.211 33.02 1.00000 1.823 0.000
2007.48 0 1.4515 0.086 -14.25 0.689781 2.444 34.680
2007.48 1 0.0464 5.357 -128.04 1.00000 0.000 -31.471
2007.48 4 0.0599 23.760 34.38 1.00000 1.014 -13.758
2007.52 0 1.1310 0.159 -179.30 1.00000 1.019 -150.f67
2007.52 2 0.1348 10.578 20.61 1.00000 1.483 -10.097
2007.52 3 0.0562 16.874 32.32 1.00000 0.513 -22.¥70
2007.58 0 1.4717 0.033 -178.82 0.0921422 4.619 21.p76
2007.58 3 0.1058 16.495 40.99 1.00000 1.809 172.035
2007.93 0 1.0158 0.506 -153.02 1.00000 1.104 0.000
2007.93 1 0.2235 6.393 20.65 1.00000 1.353 -12.278
2007.93 2 0.0456 11.870 43.25 1.00000 1.115 -22.199
2007.93 4 0.0253 30.012 30.30 1.00000 0.000 -13.758
2008.06 0 1.3769 0.084 -159.59 0.00000 4.765 28.974
2008.06 2 0.1076 9.668 25.10 1.00000 5.874 -12.278

1313 — 333 1994.52 0 1.0584 0.065 30.10 0.382770 1.245 4.794
1994.52 2 0.2568 4.606 -69.44 1.00000 3.248 7.965
1997.08 0 1.0168 0.037 169.54 3.06382e-09 1.049 88,666
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1997.08 2 0.1852 5.222 -83.85 1.00000 4.676 26.091
1997.38 0 0.9405 0.019 -140.82 0.724851 1.506 -9.695
1997.38 2 0.1196 6.229 -94.74 1.00000 3.210 -6.980
1997.56 0 1.0715 0.049 178.29 5.52710e-09 1.232 84,648
1997.56 2 0.1732 5.497 -87.71 1.00000 4.184 6.980
1997.69 0 1.2116 0.186  164.93 0.619332 1.600 -67.633
1997.69 2 0.1823 5.020 -81.53 1.00000 4.936 11.083
1997.96 0 0.8265 0.088 170.60 0.00000 1.324 -84.164
1997.96 2 0.1849 5.067 -71.84 1.00000 5.290 -173.Y90
1998.11 0 0.9330 0.053 171.04 1.00000 1.246 83.676
1998.11 2 0.1668 4.086 -86.26 1.00000 6.233 15.633
1998.29 0 0.8586 0.095 155.15 0.904413 1.545 -28.296
1998.29 2 0.1369 5.163 -82.57 1.00000 4.141 7.965
1998.48 0 0.8551 0.109 52.57 0.874499 1.634 -38.719
1998.48 2 0.1420 5.481 -69.97 1.00000 4571 15.633
1998.67 0 0.7712 0.011 -97.96 3.07351e-09 1.507 -89.655
1998.67 2 0.1413 5.595 -89.21 1.00000 4.876 52.556
1998.97 0 0.5643 0.059 -137.80 0.860190 1.795 -73.696
1998.97 2 0.1479 5.855 -71.56 1.00000 5.271 11.083
1999.47 0 0.4921 0.152 31.88 0.00000 2.524 89.928
1999.47 2 0.0454 5.694 -97.22 1.00000 4.806 12.278
2000.81 0 0.9263 0.055 32.68 1.00000 1.000 33.141
2000.81 1 0.1162 2.973 -79.13 1.00000 0.000 6.211
2000.81 2 0.0768 7.478 -74.01 1.00000 4.516 -135.597
2001.35 0 0.7715 0.567 141.52 1.00000 0.000 -44.403
2001.35 1 0.2760 3.559 -49.82 1.00000 2.862 -10.097
2002.04 0 0.8065 0.505 161.66 4.28750e-09 0.804 -80/074
2002.04 1 0.3321 2.908 -84.73 1.00000 5.985 0.000
2004.13 0 0.5332 0.099 145.93 0.00000 0.917 -79.082
2004.13 1 0.2171 4.139 -67.88 1.00000 4.848 10.097

1334 — 127  1994.52 0 3.4516 0.031 -34.45 3.50019e-09 1.642 -7.693
1994.52 1 0.1697 2.829 145.33 1.00000 1.200 6.211
1994.52 3 0.0193 25.742 146.31 1.00000 2.393 33.141
1995.56 0 2.2960 0.132 -20.35 0.268352 1.914 -8.127
1995.56 1 0.2721 2.197 152.14 1.00000 2.178 -153.909
1995.56 3 0.0365 24.699 150.46 1.00000 12.523 18.p80
1997.08 0 1.9764 0.515 -19.61 0.306049 1.724 -11.407
1997.08 1 0.7077 1698  156.89 1.00000 1.018 -159.833
1997.08 2 0.0397 6.379 133.50 1.00000 3.520 90.000
1997.08 3 0.0189 28.859  150.20 1.00000 3.429 -153.909
1997.25 0 2.5021 0.248 -18.35 0.253659 2.326 -16.587
1997.25 1 0.4610 2.338 159.08 1.00000 1.406 22.770
1997.38 0 2.1285 0.517 -21.76 0.308601 1.977 -16.892
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1997.38 1 0.6890 1.847 157.10 1.00000 1.054 -20.641
1997.38 2 0.0316 7.631 141.36 1.00000 2.107 -20.167
1997.38 3 0.0451 30.327 151.56 1.00000 10.267 0.p00
1997.56 0 1.4523 0.901 -21.26  0.344340 1.131 -20.732
1997.56 1 1.0059 1.460 157.67 1.00000 0.958 -153.909
1997.56 2 0.0601 6.566 146.48 1.00000 6.510 58.507
1997.56 3 0.0237 28.300 147.64 1.00000 4.764 99.658
1997.69 0 2.4647 0.178 -18.66 0.270836 3.088 -15.426
1997.69 1 0.3049 2.691 157.14 1.00000 3.118 -165.045
1997.96 0 1.7199 0.848 -22.03 0.00000 0.923 30.487
1997.96 1 1.1193 1574 157.39 1.00000 1.028 -166.p42
1997.96 2 0.0288 7.485 137.50 1.00000 1.747 8.569
1997.96 3 0.0155 29.521 149.41 1.00000 1.059 6.980
1998.11 0 1.6140 0.741 -20.70 0.390330 1.753 -12.499
1998.11 1 0.7866 1.847 157.62 1.00000 0.993 -5.594
1998.11 2 0.0299 7.846  140.11 1.00000 1.873 0.000
1998.11 3 0.0225 28.954 150.49 1.00000 2.816 -50.f757
1998.29 0 2.2915 0.020 158.49 0.227146 3.281 -21.026
1998.29 1 0.0566 2917 134.18 1.00000 0.000 9.271
1998.48 0 1.9039 0.006 97.28  0.211857  2.386 -31.574
1998.48 2 0.0305 6.503 138.72 1.00000 0.000 -26.091
1998.61 0 1.2902 0.741  -20.68 0.294835 1.729 -22.687
1998.61 1 0.5898 1.890 158.86 1.00000 1.091 -23.523
1998.61 2 0.0319 8.904 145.17 1.00000 1.801 6.211
1998.61 2 0.0219 29.069 149.66 1.00000 3.258 71.204
1998.97 0 1.5908 0.014 -9.89 0.245332 3.084 -25.789
1998.97 3 0.0321 21.490 146.87 1.00000 7.371 -173.789
1999.47 0 1.3988 0.286 -22.43 0.587787 1.715 -16.634
1999.47 1 0.2082 3.379 156.78 1.00000 0.000 -139.988
1999.47 2 0.0227 8.403 137.88 1.00000 0.038 62.955
2001.35 0 2.6338 0.019 -26.05 0.284032 1.291 -35.617
2001.35 1 0.0541 4.237 131.35 1.00000 3.708 -18.080
2001.35 2 0.0181 12.629 150.31 1.00000 0.000 -13.758
2002.04 0 2.2336 0.046 -16.69 0.329289  1.127 -39.425
2002.04 1 0.1509 2.694 157.68 1.00000 2.741 5.594
2004.13 0 2.2517 0.023 171.21 0.260248 2.556 -22.586
2004.13 1 0.0789 3.929 143.98 1.00000 0.000 11.083
2004.13 2 0.0301 10.568 149.22 1.00000 2.632 31.833
2006.53 0 1.2699 0.013 175.34 0.371320 1.859 -26.p83
2006.53 2 0.0443 10.815 145.74 1.00000 1.089 -29.p33
2007.24 0 1.8536 0.005 154.71  0.425986  1.196 -29.1174
2007.24 2 0.0616 10.709 152.71 1.00000 2.801 5.594
2007.48 0 3.0440 0.005 -42.29 1.00000 0.648 0.000
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2007.48 2 0.1055 8.525 155.06 1.00000 5.432 -4.002
2007.52 0 2.3935 0.036 -45.53 0.398594 0.960 -17.849
2007.52 1 0.0972 3.091  149.08 1.00000 0.000 7.965
2007.52 2 0.0302 9.992  146.66 1.00000 2.629 18.080
2007.58 0 1.7381 0.030 -7.52 0.00000 1.925 -1.618
2007.58 2 0.0541 7.749  143.97 1.00000 4.502 0.000
2007.93 0 2.4317 0.024 3.85 2.70294e-09 1.420 -30.1195
2007.93 2 0.0518 8.909 151.36 1.00000 0.914 18.080
2008.06 0 2.5698 0.012 -27.60 0.432220 1.558 -15.883
2008.06 2 0.0491 11.025 147.36 1.00000 4.341 -22.Y70

1351 — 018 1997.03 0 0.8767 0.010 56.94 4.80811e-09 1.048 -53.863
1997.03 1 0.0325 11.597 -5.40 1.00000 6.029 -7.965
1997.08 0 0.8390 0.013 75.87 0.738475 0.982 -47.826
1997.08 1 0.0325 11.279 -4.11 1.00000 6.841 21.893
1997.25 0 0.8434 0.004 25.04 1.00000 0.819 -15.633
1997.25 1 0.0341 10.828 -11.79 1.00000 5.689 -44.403
1997.38 0 0.8218 0.003 -82.88 0.750559 0.872 -24.427
1997.38 1 0.0361 11.246 -8.86 1.00000 6.539 -34.433
1997.69 0 0.8743 0.020 -177.47 1.00000 1.253 -31.471
1997.69 1 0.0300 11.721 -7.66 1.00000 4.825 33.141
1997.96 0 0.8404 0.007 61.51 0.568805 1.016 -62.885
1997.96 1 0.0434 9.458 -14.37 1.00000 4.646 146.859
2004.54 0 0.8104 0.014 20.09 0.571972 1.160 -76.123
2004.54 1 0.0316 10.871 -1.37 1.00000 7.340 -9.271
2006.70 0 0.7492 0.013 124.10 0.737025 1.313 25.279
2006.70 1 0.0225 12.806 -9.53 1.00000 3.270 174.406
2007.07 0 1.0235 0.005 161.40 0.660491 1.092 78.622
2007.07 1 0.0224  10.019 -5.07 1.00000 1.571 -22.770
2007.48 0 0.9958 0.003 174.89 0.00000 1.210 52.748
2007.48 1 0.0258 11.179 -1.91 1.00000 0.000 -18.080
2007.93 0 0.8047 0.036  142.36 1.00000 0.947 0.000
2007.93 1 0.0301 13.463 -14.15 1.00000 5.596 -9.271
2008.06 0 0.9762 0.023 -4.88 0.904107 1.095 17.%28
2008.06 1 0.0294 8.560 -2.02 1.00000 3.326 153.909

1424 — 418 1997.39 0 2.0502 0.107 -1.02 1.00000 1.469 -8.569
1997.38 2 0.1580 16.484 163.06 1.00000 1.197 -15.633
1997.56 0 2.4137 0.169  158.33 1.00000 1.636 -11.083
1997.56 2 0.1444 15.148  134.28 1.00000 0.000 -6.573
1997.97 0 2.2066 0.125 165.84 1.00000 1.604 53.474
1997.97 2 0.7205 19.821 42.32 1.00000 21.526 -3.736
1998.29 0 2.3167 0.026 66.43 0.733823 2.262 11.895
1998.29 3 0.2898 23.381 46.68 1.00000 3.576 5.594
1998.48 0 2.2578 0.021 -36.14 0.409334 2.552 -9.025
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1998.48 3 0.2622 27.361 40.51 1.00000 3.923 21.893
1998.61 0 1.8077 0.136 170.84 1.00000 1.597 0.000
1998.61 2 0.1928 15.259 72.49 1.00000 2.248 16.874
1998.97 0 1.9102 0.287 -165.08 0.292626 4,913 13.693
1998.97 3 0.3292  27.069 46.05 1.00000 8.361 0.000
1998.97 1 0.1996 9.660 55.99 1.00000 6.571 0.000
1999.47 0 1.8609 0.076  163.48 0.727975 1.476 -21.882
1999.47 2 0.1052 17.622 29.03 1.00000 0.000 18.080
1999.47 3 0.3183 23.109 51.17 1.00000 12.217 7.965
2000.81 0 0.6882 0.080 2.06 0.00000 1.805 66.010
2000.81 2 0.1319 19.201  159.56 1.00000 2.527 -4.666
2001.35 0 0.9307 0.936 -27.02 1.00000 2.404 -12.736
2001.35 2 0.2260 22.459 41.83 1.00000 4,515 -18.080
2004.54 0 1.3446 0.298 -7.69 1.00000 1.847 -86.517
2004.54 3 0.1701 27.262 49.18 1.00000 4.153 13.Y58
2004.54 1 0.1125 9.884 60.58 1.00000 3.040 -10.406
2006.70 0 1.2345 0.024  149.46 0.787427 1.205 45.619
2006.70 1 0.0807 10.528 86.29 1.00000 1.103 -164.867
2006.70 3 0.0681 25.769 48.57 1.00000 3.486 90.000
2007.48 0 1.9471 0.017 154.44 1.00000 0.780 6.980
2007.48 3 0.1311 25.885 45.75 1.00000 3.022 -12.977
2007.48 1 0.0999 8.984 45.66 1.00000 0.000 -80.342
2007.48 2 0.0638 16.043 98.30 1.00000 1.052 18.080
2007.52 0 1.2793 0.011 -132.25 1.00000 0.180 23.997
2007.52 3 0.1013 26.303 50.46 1.00000 4.855 5.088
2007.52 1 0.0676 9.563 97.39 1.00000 1.457 36.299
2007.52 99 0.0440 27.257 25.13 1.00000 3.589 -157.801
2007.58 0 1.2880 0.040 -149.79 4.26091e-09 1.917 30,732
2007.58 3 0.1018 25.462 72.21 1.00000 2.320 14.637
2007.93 0 1.4513 0.097 -167.90 0.465793 2.363 -6.653
2007.93 3 0.1852 24.374 51.51 1.00000 5.417 -146.859
2007.93 2 0.0898 15.965 21.64 1.00000 4.255 11.083
2008.06 0 1.6588 0.276 171.59 0.284329 3.328 -11.p25
2008.06 3 0.2852 25.941 43.77 1.00000 4,916 9.271
2008.06 2 0.0786  15.607 -31.71 1.00000 0.000 -21.393
2008.06 99 0.0646 38.673 148.80 1.00000 2.146 15.633
1451 — 375 1997.08 0 1.0276 0.086 9.76 0.00000 0.949 40.191
1997.08 1 0.1120 5,560 -141.63 1.00000 2.445 0.000
1997.25 0 1.3813 0.615 -168.08 1.00000 1.782 -78.938
1997.25 2 0.1507 8.351 -120.53 1.00000 3.153 0.000
1997.38 0 1.5540 0.009 106.87 1.00000 0.764 -66.366
1997.38 2 0.1182 8.146 -144.45 1.00000 2.040 -20.167
1997.56 0 1.4108 0.014 -0.94 0.00000 1.007 59.820
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1997.56 2 0.1290 7.595 -141.00 1.00000 3.900 -13.758
1997.96 0 1.3181 0.021 100.26 0.0507247 1.475 33.p21
1997.96 1 0.1027 5906 -136.02 1.00000 3.608 -5.088
1997.96 3 0.0628 15.807 -147.49 1.00000 3.982 10.406
1998.11 0 1.2570 0.014 -136.29 0.401000 2.267 -1.406
1998.11 1 0.1169 6.230 -143.91 1.00000 3.358 -21.893
1998.11 5 0.0191 35.171 -144.99 1.00000 0.000 4.666
1998.29 0 1.4386 0.016 49.58 0.493268 1.400 28.650
1998.29 2 0.1259 8.374  -145.52 1.00000 3.705 180.p00
1998.29 4 0.0299 22900 -138.90 1.00000 4.551 -6.210
1998.48 0 1.1068 0.175 30.58 1.00000 0.300 42.074
1998.48 1 0.1376 4.362 -145.33 1.00000 3.551 -5.594
1998.48 3 0.0629 15589 -149.88 1.00000 5.226 -4.666
1998.61 0 1.0348 0.024 -156.36 1.00000 1.358 11.092
1998.61 5 0.0307 33.677 -149.92 1.00000 1.617 -146.859
1999.47 0 1.0169 0.057 41.35 1.00000 0.713 40.595
1999.47 2 0.1216 8.432  -142.77 1.00000 3.282 -20.167
2000.81 0 0.6655 0.126 2.30 4.53884e-09 1.775 31.p78
2000.81 2 0.0903 8.536 -142.15 1.00000 1.743 10.097
2002.04 0 1.1291 0.053 -52.53 1.00000 1.377 -5.594
2002.04 3 0.0677 17.919 -144.68 1.00000 1.800 -167.[722
2006.53 0 0.5058 0.036 52.45 0.189414 2.283 18.952
2006.53 3 0.0504 16.209 -146.27 1.00000 2.769 -156.477

1514 — 241 1997.08 0 1.4772 0.138 -13.52 0.0593834 2.576 -23.891
1997.08 1 0.1613 8.200 157.88 1.00000 1.700 -11.083
1997.08 2 0.1176 13.658 159.27 1.00000 3.984 30.440
1997.08 5 0.0491 23.321 143.39 1.00000 4.447 13.758
1997.25 0 1.3645 0.217 -16.69 0.103144 2.147 -24.908
1997.25 1 0.1350 5.127 156.91 1.00000 1.707 -6.211
1997.25 5 0.0604 21.251 149.28 1.00000 3.848 20.641
1997.25 2 0.1711 10.462 159.19 1.00000 1.755 59.738
1997.38 0 1.5167 0.258 -16.88 2.92573e-09 2.910 -23.[701
1997.38 1 0.1652 7.111 156.39 1.00000 1.414 0.000
1997.38 2 0.1773  13.155 158.36 1.00000 4.990 0.000
1997.38 5 0.0957 23.253 145.31 1.00000 7.991 7.965
1997.54 0 1.8611 0.106 -17.80 0.0972471 2.778 -19.665
1997.54 1 0.1370 8.657 157.14 1.00000 1.124 -36.299
1997.54 2 0.1601 15.916 157.84 1.00000 4.579 -15.633
1997.54 5 0.0483 24.906 143.89 1.00000 3.673 0.000
1997.69 0 1.6126 0.280 -18.47 1.00000 0.658 -14.955
1997.69 1 0.2440 9.356 159.76 1.00000 2.009 -5.594
1997.69 3 0.1079 19.188 153.32 1.00000 6.054 0.000
1997.96 0 2.0883 0.080 -33.41 0.272108 1.788 -19.904
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1997.96 2 0.1471 11.893 159.94 1.00000 1.737 -6.210
1997.96 3 0.1000 16.776 152.21 1.00000 3.038 0.000
1997.96 1 0.1039 6.149 153.88 1.00000 1.060 0.000
1997.96 5 0.0536 25.142 142.76 1.00000 3.733  36.299
1998.11 0 2.0075 0.056 -15.23 0.234700 2.027 -23.463
1998.11 2 0.2151 10.156 157.99 1.00000 2595  30.440
1998.11 3 0.0858 19.589 153.89 1.00000 2.120 19.279
1998.11 6 0.0407 37.691 134.00 1.00000 4.264 5.088
1998.11 5 0.0516 27.242 147.68 1.00000 3.310 36.299
1998.29 0 2.0236 0.069 -26.86 0.208758 2.389 -21.742
1998.29 1 0.1058 7.352 157.16 1.00000 1526 -15.633
1998.29 2 0.1394 12.739 159.81 1.00000 2.639 -30.440
1998.29 3 0.0821 18.500 153.80 1.00000 2.713 -6.980
1998.29 5 0.0418 25595 146.11 1.00000 3.434 -29.p33
1998.48 0 1.9980 0.115 -26.47 0.220895 2565 -22.654
1998.48 2 0.0932 13.681 159.66 1.00000 2.070 -12.278
1998.48 1 0.1318 6.281 151.47 1.00000 1.974 11.083
1998.48 4 0.0919 18.330 151.78 1.00000 3.760 36.299
1998.48 5 0.0380 27.049 143.91 1.00000 4,380 -11.p83
1998.61 0 1.9782 0.138  -20.62 0.182349 2392 -23.699
1998.61 2 0.1930 10.137 158.19 1.00000 2352 -29.p33
1998.61 5 0.0370 25.759 138.99 1.00000 2.839 20.167
1998.61 4 0.1242  19.133 153.33 1.00000 4505  23.523
1998.61 6 0.0244 36.118 131.89 1.00000 2109 -12.p78
1998.97 0 1.8302 0.174 -17.46 0.00000 2.583 -27.605
1998.97 1 0.1619 6.950 154.60 1.00000 2514 -19.603
1998.97 2 0.1167 15.207 159.39 1.00000 3.104 -5.594
1998.97 5 0.0891 21.190 152.73 1.00000 3.777  44.403
1998.97 6 0.0502 32.151 144.28 1.00000 6.834 -9.271
1999.47 0 1.8287 0.073  -28.88 0.182496 2.900 -24.086
1999.47 2 0.0797 13.861 158.54 1.00000 2.638 -26.091
1999.47 1 0.1384 4.658 155.14 1.00000 2411 11.083
1999.47 3 0.1514 20.079 153.01 1.00000 6.532 7.965
2000.81 0 1.1424 0.440 -24.60 0.298091 2.357 -14.163
2000.81 1 0.3221 3.711 149.08 1.00000 1.609 18.080
2000.81 2 0.1660 8.192 155.25 1.00000 1.304 13.758
2000.81 5 0.0824 23.170 151.36 1.00000 3.690 -21.893
2000.81 4 0.0780 18.274 155.81 1.00000 4.030 -12.278
2002.04 0 1.6350 0.316 -30.43 0.312022 3.089 -26.404
2002.04 1 0.3723 8.907 153.93 1.00000 2.178 6.980
2002.04 5 0.1005 23.128 154.44 1.00000 2.763 0.000
2007.07 0 2.2373 0.560 -20.84 5.38813e-09 2.890 -32.149
2007.07 1 0.3922 10.315 152.65 1.00000 4,293 -23.523
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2007.07 5 0.2660 27.927 151.23 1.00000 4.636 10.p97

1622 — 253 1994.52 0 1.6791 0.031 7.58 0.353461 1.826 47.811
1994.52 5 0.0431 10.334 -28.30 1.00000 2.250 -9.271
1995.56 0 0.9717 0.191  152.27 1.28606e-09 2.082 14[717
1995.56 99 0.8855 0.358 -29.53 1.00000 2.037 -5.088
1995.56 4 0.0431 6.433 -104.37 1.00000 5,513 -175.998
1997.08 0 1.3031 0.012 -167.60 0.462860 1.374 80.530
1997.08 4 0.0277 6.558 -47.27 1.00000 2.752 -4.666
1997.25 0 1.4795 0.007 -125.01 0.00000 1.449 83.752
1997.25 4 0.0301 7.662 -38.62 1.00000 2.249 11.083
1997.38 0 1.0310 0.011 -140.37 1.00000 1.420 36.8334
1997.38 4 0.0398 6.176 -3.91 1.00000 1.244 0.000
1997.56 0 1.2070 0.036 21.00 0.739369 1.938 14.416
1997.56 4 0.0239 5.255 -49.53 1.00000 1.957 18.080
1997.69 0 1.1980 0.214 168.45 1.00000 1.430 175.692
1997.69 4 0.1243 5.561 -16.10 1.00000 5.152 -11.083
1997.96 0 1.2806 0.051 121.04 0.524077 1.958 12.604
1997.96 1 0.1095 2.483 -44.53 1.00000 1.562 6.980
1997.96 5 0.0290 13.407 -17.44 1.00000 2.123 -20.167
1998.11 0 1.5740 0.027 110.16 0.758384 1.712 8.388
1998.11 1 0.0778 3.081 -50.77 1.00000 1.463 0.000
1998.29 0 0.9748 0.195 -159.31 1.00000 1.133 38.368
1998.29 1 0.2181 1.311 23.51 1.00000 1.708 -23.997
1998.29 2 0.0413 4.825 -48.05 1.00000 0.000 -18.080
1998.48 0 1.0896 0.123 169.78 0.703256 1.924 2.932
1998.48 1 0.1454 2.302 -19.24 1.00000 4.062 5.088
1998.61 0 1.0571 0.143  159.12 1.00000 0.988 -47.Y53
1998.61 1 0.2255 2.010 -26.07 1.00000 2.907  180.000
1998.97 0 1.1887 0.006 74.96 1.00000 1.292 -7.965
1998.97 1 0.0567 2.829 -67.50 1.00000 1.341 90.000
1999.47 0 1.5043 0.115 152.38 1.00000 0.754 62.955
1999.47 1 0.2512 2.228 -25.01 1.00000 3.049 38.079
2000.81 0 0.6326 0.087 64.25 0.745723 1.926 -2.818
2000.81 1 0.0498 2.406 -61.35 1.00000 1.329 58.507
2000.81 6 0.0218 16.200 -24.21 1.00000 4.021 -15.633
2001.35 0 0.6003 0.255 157.39 1.00000 1.316 26.091
2001.35 1 0.1037 2.819 -36.30 1.00000 4.174 49.606
2002.04 0 0.9267 0.287  165.83 1.00000 1.520 40.012
2002.04 3 0.0961 4.300 -19.96 1.00000 2.754 4.666
2004.54 0 2.1842 0.092 152.64 1.00000 0.811 -50.632
2004.54 1 0.2333 1.775 -27.26 1.00000 1.655 -44.403
2006.53 0 1.7140 0.033 159.45 0.649120 1.949 -36.749
2006.53 5 0.0278 11.745 -98.27 1.00000 0.421 -16.874
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2007.07 0 1.9835 0.125 155.73 0.423561 2.426 -26.676
2007.07 4 0.0510 6.843 -136.85 1.00000 1.313 -13.758
2007.52 0 1.3696 0.093  159.08 0.906920 0.948 -82.807
2007.52 3 0.0810 3.591 -17.33 1.00000 3.164  -26.091
2007.52 5 0.0206 10.162 -64.29 1.00000 4.986 -14.452
2008.06 0 0.9947 0.151 11.93 5.35193e-09 1.385 54464
2008.06 4 0.0190 7.160 -37.00 1.00000 2.374 5.329
2008.06 7 0.0104 26.465 -32.73 1.00000 3.444 -4.666

1741 — 038 1995.56 0 1.7975 0.023 8.06 1.00000 0.600 24.324
1995.56 1 0.0462 5.067 173.30 1.00000 1.301 40.012
1995.78 0 1.7687 0.038 -9.24 1.00000 0.705 11.083
1995.78 2 0.0481 8.110 170.80 1.00000 3.192 -26.091
1997.08 0 1.9640 0.026 -7.70 1.00000 0.567  -50.%95
1997.08 1 0.0696 3.977 167.46 1.00000 2.273 3.736
1997.25 0 2.3082 0.011 -2.84 1.00000 0.668 -19.068
1997.25 1 0.0715 4498  173.73 1.00000 2.279 146.859
1997.38 0 2.6514 0.024 -11.95 0.629828 0.896  -30.273
1997.38 1 0.0664 4.956 172.23 1.00000 2.383 36.299
1997.56 0 2.3932 0.011 -12.60 1.00000 0.563 21.393
1997.56 1 0.0547 5.108  170.39 1.00000 2.600 -11.853
1997.69 0 2.6221 0.020 -14.71 0.477746 1.653 -3.916
1997.69 2 0.0350 8.099 174.25 1.00000 2.893 -15.633
1997.96 0 2.8265 0.007 -3.23 1.00000 0.684 5.922
1997.96 2 0.0406 9.777  168.47 1.00000 3.490 -12.977
1998.11 0 2.5350 0.045 -37.09 1.00000 0.675 -6.980
1998.11 99 0.1440 1.137 145.79 1.00000 0.977 16.374
1998.11 1 0.0325 6.156 -179.87 1.00000 2.105 20.167
1998.29 0 3.0456 0.018 0.52 0.802779 1.056 -28.207
1998.29 1 0.0805 3.990 172.21 1.00000 2.531 5.%94
1998.48 0 2.9488 0.008 6.05 0.613267 1170 -27.171
1998.48 1 0.0547 4579  173.60 1.00000 2.817 0.000
1998.61 0 2.5372 0.013 -1.15 0.671911 1.118 -38.666
1998.61 1 0.0373 5.431 174.89 1.00000 2.817 41.894
1998.97 0 2.9276 0.001 -109.71 0.677900 1.101  -27.759
1998.97 1 0.0405 6.802 171.46 1.00000 4.394 0.000
1999.47 0 3.8894 0.022 -6.38 0.496944 1.361 -35.609
1999.47 1 0.0754 3.983  170.88 1.00000 3.111 0.000
2001.35 0 2.8230 0.009 -17.85 1.00000 0.675 -3.114
2001.35 2 0.1812 7.357 -136.24 1.00000 0.937 0.000
2004.13 0 4.0327 0.011 -14.58 0.700577 0.972  -30.205
2004.13 2 0.0790 9.635 161.24 1.00000 2177  -11.083
2004.54 0 3.6633 0.020 -9.31 1.00000 0.578 11.853
2004.54 1 0.0887 4.143 158.62 1.00000 2.693 11.083
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2008.06 0 4.7254 0.044 -25.72 1.00000 0.861 -13.758
2008.06 2 0.0484 8.353 178.34 1.00000 7.662 -14.955
1908 — 201 1997.08 0 1.5277 0.270 -108.19 0.504637 2.937 37.607
1997.08 1 0.3693 2.551 53.23 1.00000 2.352 117.045
1997.08 2 0.0985 5.453 68.96 1.00000 3.915 0.000
1997.08 3 0.0172 14.132 73.17 1.00000 4.296 -4.002
1997.25 0 1.4941 0.307 -124.22  0.505177 2.791 40.563
1997.25 1 0.4739 2.427 51.62 1.00000 2.776 -12.278
1997.25 2 0.0873 6.616 65.00 1.00000 6.483 0.000
1997.38 0 1.7806 0.230 -60.74  0.514240 3.234 35.825
1997.38 1 0.2606 2.870 57.69 1.00000 1.500 44.403
1997.38 2 0.0995 5.368 73.61 1.00000 3.013 -26.091
1997.56 0 1.8784 0.132 -46.58  0.469483 3.376 38.168
1997.56 1 0.2053 3.347 60.62 1.00000 1.287 -15.633
1997.56 2 0.0829 6.202 71.90 1.00000 3.284 -10.406
1997.69 99 0.4965 1905 -141.36 1.00000 1.962 80.597
1997.69 0 1.0102 0.255 -95.49 1.00000 1.194 -159.833
1997.69 1 0.7015 1.708 44.49 1.00000 2474 -0.271
1997.69 2 0.2051 4.057 58.65 1.00000 4.209 -9.271
1997.69 3 0.0246 11.526 73.75 1.00000 5.392 11.853
1998.11 0 2.0088 0.154 -133.45  0.448992 2.912 40.164
1998.11 1 0.4266 3.116 53.82 1.00000 3.064 26.091
1998.11 2 0.0403 7.184 62.04 1.00000 1.364 0.000
1998.29 0 2.5813 0.109 -46.33  0.414024  2.539 42.715
1998.29 1 0.3832 3.114 63.14 1.00000 1.580 -12.278
1998.48 0 2.1491 0.169 -145.41 0.432560 3.315 32.460
1998.48 1 0.4161 2.586 56.49 1.00000 4.861 0.000
1998.61 0 2.1941 0.047 -76.37  0.395151 3.040 39.833
1998.61 1 0.2024 3.398 56.63 1.00000 0.458 -5.594
1998.61 2 0.0789 5.765 64.75 1.00000 2.316 146.859
1998.61 3 0.0152 13.305 60.03 1.00000 3.996 -6.210
1998.97 0 2.3068 0.114 -76.80 0.463125 2.775 41.886
1998.97 1 0.2655 3.285 55.12 1.00000 1.438 172.035
1998.97 2 0.0735 6.445 70.07 1.00000 2.386 0.000
1999.47 0 2.7958 0.107 -101.18 0.475185 2.653 47.430
1999.47 1 0.3515 3.365 62.07 1.00000 2.604 -13.758
2000.81 0 2.3524 0.092 165.05 0.522476 2.335 45372
2000.81 2 0.5368 3.148 52.17 1.00000 3.123 -6.211
2001.35 0 1.9476 0.103 -56.59 0.518944 2.690 42.202
2001.35 1 0.4221 3.402 61.38 1.00000 3.385 -24.824
2004.54 0 1.5618 0.110 -91.80  0.445869 3.979 17.873
2004.54 3 0.2479 3.829 67.22 1.00000 4.476 4.666
2006.53 0 1.5532 0.217 -157.15 0.00000 2.355 56.129
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2006.53 2 0.1804 6.996 141.69 1.00000 4.690 -174.912
2006.53 3 0.1558 9.823 -9.25 1.00000 0.000 -19.603
2006.70 0 1.5211 0.045 -20.10 0.611952 1.777 25.857
2006.70 1 0.1177 3.276 82.47 1.00000 0.673 -49.606
2007.07 0 2.1209 0.137 -78.96 0.453668 2.009 0.617
2007.07 1 0.4007 2.894 63.96 1.00000 3.389 -39.220
2007.07 4 0.0372 23.234 48.52 1.00000 2.383  180.p00
2007.24 0 1.8864 0.058 -112.02 0.581413 1.833 14.683
2007.24 1 0.3184 3.555 48.98 1.00000 2.775 -14.955
2007.24 4 0.0284 22.721 53.35 1.00000 3.029 -14.955
2007.48 0 2.2174 0.057 -112.67 0.551068  2.647 8.058
2007.48 1 0.3755 3.888 53.38 1.00000 3.894 -15.633
2007.48 4 0.0330 24.069 56.23 1.00000 5.125  138.958
2007.52 0 2.0849 0.086 -64.68 1.00000 1.529 32.295
2007.52 1 0.3105 3.826 61.57 1.00000 5.247 -12.549
2007.93 0 1.7786 0.272 -24.45 1.00000 1.447 13.207
2007.93 1 0.2100 3.052 66.69 1.00000 0.000 -13.758
2007.93 2 0.1472 5.667 74.34 1.00000 4.566 -13.758

1921 — 293 1994.52 0 10.9887 0.082 -117.15 0.445916 1.997 19.814
1994.52 1 3.3527 4.516 38.38 1.00000 3.496 -10.097
1994.52 2 1.2583 5.675 -152.78 1.00000 0.000 -50.757
1995.56 0 9.0969 0.121 -133.86 0.461115 2.233 20.692
1995.56 1 4.3594 4.794 32.36 1.00000 3.993 22.770
1995.56 2 0.6888 5.077 -151.16 1.00000 1.342 -8.569
1995.75 0 12.1628 0.394 -17.62 1.00000 2.030 77.858
1995.75 1 2.4260 3.754 50.94 1.00000 2.047 -6.211
1997.08 0 8.0183 0.088 -160.58  0.264867 1.802 47.679
1997.08 1 3.9182 4.363 37.05 1.00000 4,172 -11.083
1997.08 2 0.9579 5426 -154.32 1.00000 0.000 -9.271
1997.25 0 7.4655 0.230 -157.42 0.559824 2.077 24914
1997.25 1 4.1088 4.070 33.20 1.00000 3.881 -7.965
1997.25 2 0.7032 5371 -149.45 1.00000 0.000 -15.633
1997.38 0 8.2683 0.083 -111.79  0.621713 1.902 26.933
1997.38 1 5.2679 4.518 34.01 1.00000 3.723  180.000
1997.56 0 9.9587 0.473 -156.31 0.261632 2.525 27.024
1997.56 1 4.6851 4.650 34.56 1.00000 3.086 23.523
1997.69 0 9.2398 0.932 -30.03 1.00000 1.753 76.242
1997.69 1 4.3289 3.592 52.10 1.00000 3.430 173.789
1997.96 0 9.3143 0.187 -24.62 0.504194 2.809 11.725
1997.96 1 3.0147 4.201 43.37 1.00000 3.035 -16.770
1997.96 2 1.2811 6.276  -158.09 1.00000 0.000 -4.002
1998.11 0 8.4964 0.164 -26.71 0.554079 1.845 28.934
1998.11 1 3.6377 4.557 39.93 1.00000 3.505 0.000
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1998.11 2 0.9103 6.288 -162.49 1.00000 0.000 -167.p23
1998.29 0 8.3365 0.162 -61.53 1.00000 1.332 7.965
1998.29 1 5.2419 3.700 34.98 1.00000 4.095 -26.091
1998.48 0 8.4959 0.091 -55.65 0.457175 3.370 9.766
1998.48 1 2.9919 4.659 43.91 1.00000 3.138 -19.603
1998.48 2 0.3713 6.300 -155.74 1.00000 0.000 0.000
1998.61 0 7.2225 0.134 -21.68 0.233581 2.149 57.615
1998.61 1 2.3569 4.321 49.03 1.00000 2.799 0.000
1998.61 2 0.6451 6.207 -160.74 1.00000 0.000 -26.091
1998.97 0 5.6829 0.256 -34.04 1.00000 1.625 77.301
1998.97 1 4.0772 4.352 33.69 1.00000 4.236 -30.440
1998.97 2 0.7975 6.519 -163.68 1.00000 1.676 -173.789
2000.81 99 3.6049 2.344 -157.57 1.00000 0.904 28.575
2000.81 99 4.4016 3.060 32.87 1.00000 3.777 -3.503
2001.35 0 4.8298 0.171 -145.17 0.00000 2.151 54.514
2001.35 1 3.4906 5.256 30.91 1.00000 4.690  165.045
2001.35 2 1.3289 6.120 -149.97 1.00000 1.807 -8.569
2004.13 0 4.1365 0.187 -24.07 1.00000 2581 -170.Y29
2004.13 1 1.7238 4.780 48.64 1.00000 3.764 0.000
2004.13 2 0.5810 6.746  -159.67 1.00000 0.000 -29.740
2006.70 0 6.6843 0.033 -92.51 0.507246 2.416 34.960
2006.70 3 0.4065 10.369 47.74 1.00000 1.180 -173.F89
2007.07 0 6.4493 0.149 -44.98 0.497032 1.713 -34.499
2007.07 2 24774 7.267 30.19 1.00000 4,132 0.000
2007.24 0 2.1351 0.184 -145.86 5.68780e-09 2.785 -41.476
2007.24 1 2.1058 4.401 27.96 1.00000 3.885 -7.440
2007.48 0 4.9123 0.199 -2.83 0.465474 3.353 0.716
2007.48 2 2.9196 7.099 29.29 1.00000 3.992 -167.722
2007.93 0 5.4308 0.044 -26.75 1.00000 1.734 0.000
2007.93 3 0.7542 9.192 47.21 1.00000 2.380 -13.758

1954 — 388 1997.08 0 2.7550 0.009 -17.49  4.03699e-09 0.695 71.153
1997.08 5 0.0209 22.755 -167.42 1.00000 0.000 62.954
1997.25 0 2.5885 0.019 -173.15 1.00000 0.586 -50.895
1997.25 1 0.0349 5.766 -127.51 1.00000 1.644 0.000
1997.38 0 2.5213 0.082 175.35 1.00000 0.655 -67.216
1997.38 1 0.0886 5.496 -18.18 1.00000 6.824 12.278
1997.56 0 2.3292 0.003 11.71 4.11952e-09 0.797 62.350
1997.56 2 0.0236 8.773 -143.64 1.00000 3.020 18.080
1997.69 0 2.2819 0.048 169.16 0.663303 1.447 -9.623
1997.69 3 0.0369 12.495 -6.72 1.00000 0.953 -36.299
1997.96 0 2.2290 0.011 -44.09 3.80800e-09 0.952 50707
1997.96 3 0.0434 10.037 -27.93 1.00000 3.398 5.594
1998.29 0 2.7208 0.013 -10.99 0.318051 1.456 18.243
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1998.29 2 0.0426 7912 -140.81 1.00000 5.813 -11.853
1999.47 0 1.6119 0.032 175.47 1.00000 0.718 -11.583
1999.47 3 0.0146 13.188 -35.31 1.00000 1.307 0.000
2000.81 0 0.8589 0.099 -49.55 1.00000 0.985 64.038
2000.81 5 0.0166  20.177 -85.36 1.00000 3.068 -52.556
2000.81 1 0.0174 6.837 -51.15 1.00000 2.095 6.211
2002.04 0 0.9293 0.046 -11.62 0.506610 2.543 -1.469
2002.04 3 0.0141 15.094 -106.81 1.00000 2945 175.334
2004.54 0 2.1847 0.021 25.41 0.235647 4.192 5.344
2004.54 2 0.0281 11.468 -53.66 1.00000 2.580 -8.569
2006.70 0 2.0459 0.043  103.90 1.00000 0.602 87.096
2006.70 4 0.1873 2.642 -141.98 1.00000 1.126 -38.079
2007.48 0 2.6019 0.037 -164.64 1.00000 1.187 -13.Y58
2007.48 2 0.0545 8.627 -43.24 1.00000 0.000 -31.471
2007.52 0 1.9436 0.012 -40.97 1.00000 1.233 1.351
2007.52 5 0.0222  22.065 -96.98 1.00000 1.200 -36.299
2007.93 0 1.9669 0.025 111.46 1.00000 0.562 4.778
2007.93 2 0.2132 8.492 -153.32 1.00000 1.501 -26.091
2007.93 99 0.2030 8.743 24.92 1.00000 2.636 -29.233
2008.06 0 2.6876 0.033 -10.90 0.330863 2.646 18.552
2008.06 1 0.0575 4981 -116.73 1.00000 1.816  -13.Y58

1958 — 179 1995.52 0 0.3067 0.344 52.33 1.00000 0.528 30.517
1995.52 1 0.1364 1.144 -123.53 1.00000 1.110 180.p00
1995.75 0 0.4761 0.129 48.25 1.00000 1.063 13.627
1995.75 1 0.0717 1.945 -143.28 1.00000 1.087 -33.141
2004.54 0 1.7611 0.013 8.77 1.45180e-09 0.922 -61.219
2004.54 99 0.0271 7.972 -158.35 1.00000 1.060 -18.p80
2007.24 0 1.5490 0.028 13.45 4.76921e-09 0.580 32.204
2007.24 1 0.0794 2.927 -1.48 1.00000 1.450 18.080
2007.24 2 0.1176 1.844 -170.21 1.00000 2.047 0.000

2052 — 474 1997.69 0 1.3686 0.032 -165.55 0.716238 1.882 -88.y42
1997.69 1 0.0623 24522 -142.18 1.00000 1.915 -11.p83

2243 — 123 1997.03 0 1.7328 0.113 178.75 0.127008 2.590 26.814
1997.03 2 0.3243 9.104 35.45 1.00000 2.652 8.569
1997.08 0 1.6717 0.047 124.99 0.163752 2.822 24.037
1997.08 2 0.3066 9.281 34.95 1.00000 2.818 -6.211
1997.25 0 1.2250 0.640 -159.26 1.00000 0.499 14.955
1997.25 2 0.2845 9.499 34.72 1.00000 2.374 33.141
1997.25 1 0.5696 1.827 24.01 1.00000 1.097 -5.088
1997.25 3 0.0375 12.218 68.60 1.00000 4.142 18.080
1997.38 0 1.9318 0.052  159.93 1.00000 1.690 -9.271
1997.38 2 0.3514 9.354 33.49 1.00000 3.907 0.000
1997.56 0 1.4791 0.417 -161.53 0.170954 1.660 10.986
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1997.56 2 0.2907 9.506 34.56 1.00000 2.633 0.000
1997.56 1 0.4361 2.075 28.96 1.00000 1.087 -18.080
1997.56 3 0.0350 13.347 65.77 1.00000 2.480 -3.297
1997.69 0 1.9448 0.165  153.07 1.00000 1.806 -4.666
1997.69 2 0.3312 9.488 34.34 1.00000 3.635 5.594
1997.96 0 1.7928 0.067 173.43 0.108411 2.965 25.264
1997.96 2 0.3009 9.287 34.57 1.00000 2.948 0.000
1998.11 0 1.1638 0.746  -159.25 1.00000 0.673 12.278
1998.11 2 0.2396 9.527 34.40 1.00000 2.455 14.955
1998.11 1 0.4833 2.010 21.69 1.00000 1.237 -20.167
1998.11 3 0.0391 12.487 66.56 1.00000 4,724 21.393
1998.29 0 1.7774 0.102 14.57 0.302343 2.993 20.279
1998.29 2 0.2672 9.712 34.50 1.00000 2.939 0.000
1998.48 0 0.9962 0.751 -164.56 1.00000 0.488 0.000
1998.48 2 0.2249 9.570 34.27 1.00000 2.533 -29.233
1998.48 1 0.5995 1.779 26.01 1.00000 1.478 -20.167
1998.48 3 0.0210 12.175 74.99 1.00000 3.010 0.000
1998.61 0 1.0428 0.766 -163.08 1.00000 0.000 13.758
1998.61 2 0.2361 9.503 34.92 1.00000 2.598 -11.083
1998.61 1 0.5676 1.762 28.28 1.00000 1.044 -6.980
1998.61 3 0.0168 13.712 61.55 1.00000 1401 -18.080
1998.97 0 1.4240 0.090 96.63 0.193455 3.395 23.719
1998.97 2 0.2182 9.291 35.14 1.00000 2.196 0.000
1999.47 0 1.3279 0.105 -153.97  0.340943  3.056 25.577
1999.47 2 0.1978 8.999 36.09 1.00000 2.667 0.000

2255 — 282 1994.52 0 0.9257 0.300 53.49 1.00000 0.534 14.955
1994.52 1 0.4971 2.704 -137.46 1.00000 1.486 -13.758
1994.52 2 0.0482 14.671 -119.11 1.00000 2.086 0.000
1995.56 0 0.8227 0.316 52.97 1.00000 0.885 12.977
1995.56 1 0.3607 2.831 -138.29 1.00000 1559 -26.091
1995.56 2 0.0785 10.728 -123.73 1.00000 8.353  -21.893
1995.75 0 1.2408 0.152 -112.07 0.565793 3.963 33.622
1997.08 0 0.9135 0.875 39.25 1.00000 0.000 28.112
1997.08 1 0.4085 2729 -136.84 1.00000 1.268 159.833
1997.08 2 0.0446 11.840 -112.67 1.00000 6.295 2.837
1997.25 0 1.2541 0.282 35.78 0.00000 3.205 41.%569
1997.25 1 0.1484 3.466 -129.16 1.00000 2.339 -48.222
1997.25 2 0.0352 11.872 -102.40 1.00000 4.876 3.297
1997.38 0 1.0925 0.575 40.53 1.00000 0.735 -16.069
1997.38 1 0.3977 3.299 -141.50 1.00000 1.584 -3.114
1997.38 2 0.0294 13.035 -104.49 1.00000 3.908 4.308
1997.56 0 1.0283 0.713 38.25 1.00000 0.288 12.977
1997.56 1 0.4209 3.008 -139.05 1.00000 1.903 13.758
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...continued from previous page
Source Name Epoch Component S a 10} Axial Ratio r 0
(Jy) (mas)  (deg) (mas)  (deg)
1997.56 2 0.0414 13.033 -115.10 1.00000 5.189 0.000
1997.69 0 1.0922 0.415 31.24 1.00000 1.234 0.000
1997.69 1 0.3955 3.196 -139.50 1.00000 2.302 175.998
1997.96 0 1.0816 0.578 38.67 1.00000 0.095 4.666
1997.96 1 0.3880 3.229 -136.61 1.00000 1.579 -18.080
1997.96 2 0.0364 12.738 -117.26 1.00000 4.346 4.002
2006.70 0 0.7010 0.032 -2.13 1.00000 0.772 6.980
2006.70 1 0.0714 9.125 -141.81 1.00000 0.000 176.264
2007.07 0 1.0182 0.426 157.29 1.00000 3.164 -7.280
2007.07 1 0.0863 5709 -131.34 1.00000 0.000 -13.758
2007.07 2 0.0277 23.130 -134.85 1.00000 0.000 -9.271
2007.48 0 0.8172 0.085 48.29 1.00000 2.045 2.951
2007.48 1 0.1590 5.017 -133.45 1.00000 1853 -28.851
2007.48 2 0.0153 29.635 -134.00 1.00000 4.049  -10.p97
2007.58 0 0.8900 0.061 -25.60 1.00000 2.392 0.000
2008.06 0 0.8675 0.157 63.89 1.00000 1.527 9.271
2008.06 1 0.0872 9.338 -143.36 1.00000 0.000 180.p00

104



