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Cover image: Radio emission from the relativistic jet in radio galaxy M87 (Virgo A). Gas flowing out
of the center of the radio galaxy (the small left-most blue spot) is traced in this VLA image by its radio
emission. The extent of the jet seen here is more than 7500 light-years. From repeated VLA
observations made over 12 years it has been possible to see the bright radio clumps, or knots, of
emission flow away from the galactic nucleus at a velocity of greater than one-half the speed of light.
Observers: J. Biretta and F. Owen.
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I. OVERVIEW

The long range plan of the NRAO is to provide the forefront observing facilities needed
for research in radio astronomy by this and subsequent generations of scientists. This statement
implies change: research drives and is driven by change and an instrument that is today at the
forefront in time needs to be upgraded or replaced. The NRAO Long Range Plan takes this
inevitability into account by recognizing as its hallmark the need to plan carefully for the research
requirements of tomorrow's students and scholars.

Prior to embarking on the construction of such a plan, it is well to measure past
performance in the light of these same criteria. The newest NRAO facility, the Very Long
Baseline Array (VLBA), was completed in 1993 and is now achieving full-time operational status.
It was built in the expectation that its imaging capability would be sufficiently better than that of
the ad hoc VLBI network that one could realistically compare the large-scale Very Large Array
(VLA) images with the fine-scale VLBA images and extract a reliable understanding of the
common source physics. Figure I-1, an image of the radio galaxy M87, is one recent example of
the realization of this expectation for the VLBA. The upper panel is the VLA image of the jet
which extends more than 6000 light years from the nucleus of M87. A super-massive black hole
is presumed to lie at the origin of the jet and to provide the energy driving the jet. With the
VLBA we can look closer into the black hole as evidenced by the middie panel image and the
lower image. In fact the lower image, a VLBA image made at a frequency of 22 GHz, is the
highest resolution ever obtained of the region surrounding a super-massive black hole. The finest
details in this image are only a few light weeks in size. Surprisingly, even at this extremely high
resolution the structure of the jet is similar to that seen in the large-scale VLA image at the top.
The same source physics operates on the scale of light weeks to a scale 100,000 times larger!

While the expectation with the VLBA was that images such as Figure I-1 would steer us
to a clear picture of a super-massive black hole, we were surprised to see that it was in fact a
VLBA image of the H,O maser emission in the galaxy NGC 4258 that gave this picture. Figure
I-2 is a plot of the velocity of the H,O masers in the nucleus of NGC 4258 shown as a function
of angular displacement from the nucleus. The line drawn through the observed points is a simple
Keplerian curve. The H,O masers are orbiting the galactic nucleus at a radius of 0.065 pc, just
like planets around the sun. And just as with the solar system, the maser orbits can be used to

determine the mass of the central object: It is 3.6x10” M_, all confined to the interior of the H,O
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maser orbits. According to an editorial in Nature magazine accompanying the report of these
VLBA observations, this is the first compelling evidence for the existence of a super-massive
black hole anywhere in the universe.

The VLBA is successfully achieving the goals set for it in the long range planning of the
NRAO. The 1996-2001 Long Range Plan of the NRAO sets out similar high expectations for the
Millimeter Array, the Green Bank Telescope, and a project to upgrade the scientific capability
of the VLA.
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Figure I-1. Images of the jet in the radio galaxy M87: Upper panel shows the VLA image;
lower two panels are VLBA images.
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Figure I-2. Plot of radial velocity versus angular distance from the nucleus of NGC 4258
of the water masers orbiting the nucleus.






