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Front of card: VLBA image of the radio jet at the center of the galaxy 3C120. 
Even at the great distance of this galaxy, 400 million light years from the 
Earth, the great resolving power of the VLBA makes it possible to image 
details as small as 1.5 light-years in size within the jet structure which is 
itself 100 light-years long. "Time-lapse" images made over several years 
show the jet to be moving outward at an apparent speed faster than the 
speed of light. Observers: R.C. Walker and J.M. Benson 
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I. OVERVIEW 
In the period 1997-2002 the NRAO will complete the transition from an observatory that 

was founded to explore the question of whether radio astronomy could broaden our 
understanding of the universe beyond what could be learned at optical wavelengths, to an 
observatory that provides the foundation for the pivotal ideas of contemporary astrophysics. 
During the next five years all of the pioneering telescopes at the NRAO that were designed to 
survey the scope of radio astronomy will have been supplanted by modern telescopes and 
synthesis arrays. The new telescopes are designed to provide astronomers with detailed 
astrophysical knowledge that complements and extends understandings gleaned from the most 
advanced ground-based and space telescopes operating at other wavelengths. Realizing the new 
facilities as fully functional research instruments is the goal of the NRAO long range plan. 

Figure 1-1 on the accompanying page is an illustration of the many scientific achievements 
that are now becoming possible with modern instrumentation. Shown in this figure are two 
spectral absorption lines from molecular gas in a galaxy at a redshift of 0.9 that is seen along the 
line of sight to a distant background quasar. The chemistry of this gas, seen as it was nearly five 
billion years ago in a galaxy one-third of the way across the visible universe from us, is nearly 
identical to the chemistry in the Milky Way. The absorbing species we see in this figure are the 
same chemical species that we see in Milky Way molecular clouds. It suggests that the organic 
chemistry that is common on earth, and in the interstellar medium of the Milky Way, is also 
common throughout the universe and throughout the distant past. If we had such observations 
of many other galaxies we could confidently apply our understanding of chemistry, and the causal 
consequences of molecular chemistry such as star formation, elsewhere in the universe. But at 
present the telescopes are simply too limiting for this sweeping extrapolation. On the one hand, 
the VLA lacks the broadband receivers and wideband correlator needed for spectral study of 
redshifted cosmological objects. On the other hand, the older NRAO telescopes that have 
broadband receiving systems either have poor efficiency at high frequencies or have limited 
sensitivity owing to their small size. Advancements such as illustrated here were wholly beyond 
the realm of possibility when the current NRAO single-dish telescopes were designed and as a 
consequence they are poorly suited to the needs of this and other contemporary research 
endeavors. 

The new instruments - the VLBA, the Green Bank Telescope, the Millimeter Array, and 
the upgraded VLA - are designed both with a recognition of the incredible breath of 
contemporary radio astronomical research and with the flexibility to respond appropriately to new 
scientific opportunities as discoveries are made. Each of these instruments are described in 
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1. Absorption lines from the organic molecules HCO+ and H2CO have been detected 
at a redshift of 0.9 toward the gravitational lens system. Shown here are the VLA 
maps of the lens at 47.3 (upper) and 7.7 (lower) GHz and the absorption spectra at 
these two frequencies, respectively. 
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sections of this Long Range Plan. Together, they are the major component of NSF-supported 
ground-based astronomy. 

The new telescope facilities require new and enhanced technical support. In Sections VI 
and VII, the electronics development and software/computing developments planned in support 
of the new instruments are outlined. In each of these cases the advancing technical state-of-the-
art leads directly to scientific achievement. New instruments on new telescopes specifically 
designed for the new radio astronomical science leads to confident optimism about the future of 
radio astronomy at the NRAO. The operating budget and personnel projections required to 
sustain this future conclude the Long Range Plan. 
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n. THE GREEN BANK TELESCOPE 

1. General Comments 
In the first year of the present long range plan, the Green Bank Telescope (GBT) will 

become operational and the 140 Foot will cease operation as an NSF-funded facility. The GBT 
will not only replace the research functionality of both the older 300 Foot and 140 Foot 
Telescopes, but it has been designed to provide scientific opportunities far in excess of those 
available from the older facilities. In particular, the GBT will provide: 

- full frequency coverage from 250 MHz to -100 GHz; 
- full sky coverage at high sensitivity; 
- an unblocked aperture giving low sidelobes and high resistance to RFI; 
- extremely wideband spectral analysis. 

An artist's concept of the GBT is shown in Figure II-1. 
Design of the GBT was driven by science requirements. For example, the desire of 

astronomers to use the sensitivity provided by the enormous GBT collecting area to detect the 
weak, broad, redshifted spectral line emission from cosmologically distant galaxies and quasars 
meant that the aperture could not be blocked by the subreflector and feed support legs. Having 
designed a clear aperture, however, and produced a clean beam with very low sidelobes in the 
process, the telescope can now be used to observe galactic HI with precision far greater than was 
possible with previous telescopes because the GBT HI spectra will be uncontaminated by stray 
radiation from the sidelobes. In designing a telescope to do the new science, we achieve also a 
telescope capable of doing on-going scientific investigations more capably. 

2. GBT Science 
The science program anticipated for the GBT is most naturally divided into five areas: 

stars, including pulsars, the sun, and the solar system; neutral hydrogen studies; spectroscopy; 
continuum radiation; and very long baseline interferometry. This research depends on the 
following features of the GBT. 
• Sensitivity of roughly 2K Jy'1 will result in integrations of only minutes rather than the 

hours now required at the 140 Foot. 
Broad frequency coverage from 300 MHz to 52 GHz, eventually 100 GHz, gives the 
flexibility to observe at the frequency demanded by the science. 


