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Cover: An image of the radio galaxy 3C 219. The radio image, made with the NRAO Very 
Large Array, is colored red and yellow and is shown superposed on an optical image 
(colored blue) of the parent galaxy. Thin jets of radio emission can be seen carrying 
energy from the nucleus of the galaxy to giant radio lobes that are much larger than the 
entire visible galaxy. The major features seen here-nuclear jets transporting energy to a 
network of magnetic filaments within large radio lobes-is characteristic of many bright 
radio galaxies. VLA Observers: D. Clarke, A. Bridle, J. Bums, R. Perley, M. Norman. 
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1 
I. OVERVIEW 

The long range plan of the NRAO is to provide forefront observing facilities for research 
in radio astronomy for this and subsequent generations of scientists. The NRAO plan, 
described in the following sections, recognizes the need to operate and maintain the telescopes, 
instrumentation, and computing capabilities of today. It also recognizes the need to plan for 
tomorrow's research facilities and to participate in the training of the students and scholars 
who will use that equipment to further their research endeavors. 

The NRAO operates radio telescopes with which astronomers may observe at frequencies 
across the electromagnetic spectrum from frequencies as low as permitted by transmission of 
the ionosphere, about 75 MHz, to frequencies as high as 300 GHz, above which terrestrial 
water and oxygen lines increasingly render the atmosphere opaque. Astronomers may choose 
to observe very faint sources aided by the large collecting area of the 140 Foot Telescope in 
Green Bank, WV, or the Very Large Array (VLA) near Socorro, NM, or they may choose to 
image the radio sky with the VLA or with the milli-arcsecond resolution provided by the Very 
Long Baseline Array (VLBA). Finally, for those observations that depend on access to 
millimeter wave radiation, astronomers may use the NRAO 12-meter millimeter-wave telescope 
on Kitt Peak, AZ. In sum, more than 850 astronomers and students use one or more of the 
NRAO facilities annually. These individuals come from research-oriented universities, from 
teaching colleges, from government laboratories, and from industry. 

Observations sensitive to faint radio emission, imaging with high angular resolution and 
access to these two capabilities from meter-waves to millimeter-waves, these are the 
observational requirements needed by radio astronomy today and in the foreseeable future. 
Taken together, satisfaction of these needs defines the outline of the NRAO Long Range Plan 
for the period 1995-2000. 

Figure 1 is a presentation of the complementary capabilities of the VLA, the Green Bank 
Telescope (GBT), and the Millimeter Array (MMA) as they will exist upon completion of the 
initiatives in this Long Range Plan. The VLA and MMA are synthesis imaging telescopes that 
may be physically reconfigured to provide variable angular resolution at each frequency. This 
allows the astronomer to tailor the resolution to the angular scale of the detail present in the 
source. The four VLA configurations are shown in Figure 1 as parallel lines, and the angular 
resolution between the longest and most compact configurations (shown shaded green) is 
achieved by weighting the data suitably in the imaging software. A similar characteristic holds 
for the Millimeter Array (shown as a coral shade), except that in the case of the MMA even 
the single array antennas may be used as part of the image construction process. Note that the 
angular scale covered by the VLA and the MMA is essentially the same, and each array 
achieves a resolution less than 0'.' 1 at its highest frequency and longest baseline. Together the 
VLA and the MMA give the astronomer access to common angular resolution across the radio 
portion of the electromagnetic spectrum. 
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Figure 1. Angular resolution plotted against frequency for the VLA, GBT, and MM A. 
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The sensitivity of the VLA comes from its large collecting area, 13,000 square meters, 

which is approached by that of the similarly sensitive GBT with 10,000 square meters surface 
area. The sensitivity of the MMA comes from its collecting area, 2000 square meters, from 
its ability to observe thermal emission sources at short wavelengths where all such sources 
become increasingly brighter and from its capability of exploiting large observing bandwidths 
at millimeter-wave frequencies. 

The central capability of the VLBA of interest to astronomers is its exceptional angular 
resolving power. With the addition of the 86 GHz receivers called for in the Long Range 
Plan, the VLBA will image astronomical sources with a resolution finer than 0.1 milli-
arcsecond. This is one thousand times finer than the resolving power of the Hubble Space 
Telescope or the stand-alone VLA or MMA. In addition to providing images with a level of 
detail unique in astronomy, the VLBA angular resolution, converted to a time-scale for 
observable change occurring at the speed of light, will permit astronomers to view directly 
changes in cosmic sources in the "immutable" heavens occurring at the following rates: For: 

Stars visiting in the night sky - 20 seconds 
Stars throughout the Milky Way - 10 minutes 
Nearby galaxies - 2 days 
Most distant objects in the universe - 5/T years 

(Here T is a measure of the bulk relativistic flow in active nuclei and quasars, T ~ 2-20). We 
can expect VLBA "movies" of the evolution of cosmic radio sources made possible by the 
extraordinary angular resolution of the telescope and the fact that it is made available full-time 
for high-resolution astronomical imaging. 

The Long Range Plan to accomplish the NRAO goals in the years 1995-2000 includes 
full realization of the observational capabilities mentioned above, namely: 

Construction of the Millimeter Array; 
- Instrument upgrade of the VLA receiving and data correlation system; 

Completion of the initial instrumentation for the GBT; 
Implementation of an 86 GHz system on the VLBA. 

In addition, software to support multi-beam mapping on the 12 Meter Telescope will be 
completed and verified, ultimately to be used also for the MMA. The user-oriented imaging 
software AIPS++ will be brought into full use on all the telescopes. The involvement of 
students is an important aspect of the various instrument development activities both because 
it provides a real-world complement to a student's academic education and because the new 
instruments are precisely those instruments on which present-day students will, as professional 
astronomers, depend on as their research tools. 


