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Black hole masses - NGC 4258/Circinus;
Low redshift AGN Centaurus A;

Wide field imaging;

Pulsar astrometry;

"“superluminal” motion - 3C120;
Microquasars - GRO J1655-40.




The Technique:

m Electronics are locked using station clocks;
s Data are recorded on tape for post-observation processing

m Source and station positions (these change with time);
m Vastly different weather conditions possible at each element










The Technique (cont):




VLBI Instrumentation:




Instrumentation (Cont):




Instrumentation (cont):







ATCA, Parkes, Ceduna,
Tidbinbilla, Mopra,
Hobart

+ New Zealand




Square Kilometre Array
(one realisation)

Australia + New Zealand




1 arcsec




Instrumentation (cont):




Black Hole Masses - NGC 4258 and Circinus

051y Greenhill et al. (2001)

B

— - = ———
» . - i
) ey,
— - - L
- = T e i

= s
~4 x 107 solar masses

& —

-
=

Miyoshi et al. (1995)
Herrnstein et al. (1997)

10,000 ly




Low redshift Active Galactic Nucleus
Centaurus A

Centaurius A Radio Source
Anstralian ¥V LB Network

Tingay, Preston,
and Jauncey (2001)




Stars caught in Massive black haole
the powerful jet, lives here, generates
cause massive powerful jet
disruption,




Multi-frequency, simultaneous VLBA observations at:

2, GHz 48 GHz 8.4 GHz

Tingay & Murphy (2001)




Widefield imaging - Living Life on the Edge

surveys of AGN and |y =t mrem e
starburst galaxies |2 =

Separating starburst galaxies
and AGN.

Pathfinder observations, science

and data processing techniques
for the SKA.

- 327 MHz VLEBA observations

- 2 X 28 sq. degq. Fields

- 27 detected

- Including one transient




Lenc & Tingay
(2006)

NGC 253

~4 Mpc distant
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Pulsar astrometry

Distance determination in astronomy is If an object is close enough,
hard, but vitally important. and/or your observational
* Linear sizes scale as distance fEChniquEE hﬂ"'-"'E- high
s scale as distance squared enough angular resolution,
you can measure the parallax,

The most direct method of distance

determination is via measurement of the Defines the parsec

parallax:
iy

- N An object at 1 pc has a parallax

o of 1"

* N
@/‘xﬁaﬂ = An object at 1 kpc has a
| parallax of 1 milliarcsecond

VLBI can be used to measure
parallax for objects < ~1 kpc and
therefore determine accurate
distances to them.




Double pulsar (mentioned
by Dick Manchester)
discovered at Parkes.

Can use to test theories
of gravity in the strong
field regime I.e.
gravitational radiation

emission from the system.

But only if you know the
distance:

1150 +/- 190 pc

Distance plus a decade of
pulsar timing can test
gravitational radiation
theories at 0.01% level.

Deller, Bailes & Tingay (2009)




Apparent superluminal motion
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Time of arrival of photon 1: T, = T,+(D+VtCoso)/c
Time of arrival of photon 2: T,= T, +t+Dic
Difference in time of arrival: T,- T, =t-vtCosb/c
Apparent distance travelled, as seen by observer: Fapp = VISING

Apparent speed: Vapp = VISING/(t-viCostic)
= v3inb/(1-vCosb/c)

Bapp = BSING/(1-BCosH)




3C 120 (Marscher et al. 2002)
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Microquasars

* 3.2 kpc distant;

+ Binary system of star (1.7 -
3.3 solar masses) and black hole
(4 - 7 solar masses);

* VLBI shows 65 mas/day -
largest transverse apparent
motion for an extra-solar
system object, 1.1c - 1.9¢;

* True speed 0.92¢ and inclined
85 degrees to our line of sight.

2.9 GHz VLBI Images of GRO J1600o-40
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Summary:

VLBI is just interferometry:

VLBI is the highest angular resolution
direct imaging technique in astronomy:;

VLBI enables the study of a wide range of
astrophysical problems because of this
characteristic;

Long baseline capabilities have a place as a
part of next generation instruments like
the SKA.




