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Cover: The Radio Galaxy Fornax A

The cover photograph is a superposition of the VLA radio emission (shown as red) from the radio galaxy
Fornax A and the visible light in the vicinity of NGC 1316 (shown as blue-white). The two main radio emitting
lobes are produced by relativistic electrons in magnetic fields which have been transported hundreds of thousands
of light years outward from the elliptical galaxy NGC 1316 which lies between the two regions. The energy for
the relativistic flow apparently was provided by the gravitational capture of small galaxies by NGC 1316. The
shock waves and trails of the infallcn galaxics produce the features in the radio lobes seen as filaments and rings.
The small galaxy near NGC 1316 may soon be captured.

Observation details:

Observers: E. Fomalont (NRAO), R. Ekers (Australia Telescope),
K. Ebneter and W. Van Breugel (U. California)

Frequency of 1.384 GHz; five hours of D-configuration and five hours
of C-configuration

Resolution of 15; field of view is 60" x 40’



NATIONAL RADIO ASTRONOMY OBSERVATORY

LONG RANGE PLAN - 1991-1995

April 1990

UPATAAT AT A e
N H
. [TER VIR

RSt R LR Rl E
£ va
e

gbi 22 1990






II.

I1I.

1v.

VI.

NATIONAL RADIO ASTRONOMY OBSERVATORY

LONG RANGE PLAN - 1991-1995

TABLE OF CONTENTS

INTRODUCTION. . v cvvie oo wmnonioss sansinisesoaanassionssniassssaisssiss 1
MILLIMETER ARRAY. ... ... .. tttttiiiiineoerenennnnenoanatoasanannnns 3
MAJOR CONSTRUGTION PROJECTS. .. ... .iiiiiritetaiannennaaeaeenannnnnns 6
Very Long Baseline Array..............ciiiiiiiiiiinnnnnnnn.. 6
Green Bank TelescCope........iiiiuittieiininnanonnneneeenennans 15
BASE PROGRAM. . oo vvniinins vasssnisassaiaiassaseasismenessneeannes 19
Very Large Array.....c.ouiuirnneneenoeneeeeeononnennnneenenasas 19
12-Meter TeleSCoPe:cx::conmn sassamos siaantes suanss aasnessis 25
140-Foot TeleSCOPe. . ot i ittt ettt it e cnanaataaereererennnenn, 31
FACILITY MAINTENANCE, UPGRADING, AND EXPANSION.................... 38
Major Maintenance Plan.......... ... ... ... iiiiiiiinnnnn... 38
Array Telescope Computing Plan..............ccvminunnnn ... 41
VLA Correlator Upgrade...........oitiiiiniennnnneennnnnnnnnns. 44
VLA-VIBA CONNECTION. o ove s numne s aussinss anunns snnss s sasss s 46
BUDGET PROJECTIONS. . ...ttt t it teesae ot eeeinennnnnnn. 49



1. INTRODUCTION

The NRAO Long Range Plan for the years 1991-1995 is focussed on efforts
to realize the promise of high resolution astronomical imaging at all
wavelengths from 4 meters to 0.8 millimeters and to extend the reach of
radio astronomy to unprecedented levels of sensitivity.

High resolution astronomical imaging is the province of synthesis
astronomy. The Very Large Array and the Very Long Baseline Array are the
foremost centimeter-wave synthesis telescopes in the world. 1In many ways
the VLA and VLBA are complementary instruments. VLA images provide a record
of the evolution and energetics of such objects as galactic nuclei, jets of
relativistic particles, and protostars. The VLBA images will probe the
physics underlying such phenomena. Completion and full-time operation of
the VLBA is therefore important to the growth of our understanding of a
wealth of astronomical objects. At short wavelengths, millimeter
wavelengths, where thermal processes illuminate the sky, there is no high
resolution synthesis imaging telescope comparable to the VLA. The
Millimeter Array (MMA), which we propose to construct, beginning in 1994,
will address this need. The MMA will provide images with a resolution
comparable to that of the Hubble Space Telescope, doing so at millimeter
wavelengths, where galactic nuclei and star-forming clouds are unobscured.

The thrust of many pioneering research programs depends on sensitivity,
frequency agility, and special-purpose hardware. These needs have been
incorporated as an integral part of the design of the Green Bank Telescope
(GBT). For example, with the enormous GBT collecting area weak pulsars may
be discovered throughout the galactic center region and the CO emission from
extremely distant primeval and protogalaxies may be detectable. The clean
beam of the GBT, which results from the unblocked design, will permit the
studies of atomic hydrogen to reach levels more than an order of magnitude
fainter than was possible in the past. Realizing these and other scientific
goals of the GBT is an important part of the GBT design and construction
project. Sensitivity, and the new science it brings, is recognized in the
MMA project as well: the CO protogalaxies detected by the GBT will be
imaged by the MMA with subarcsecond resolution, and the dust continuum
emission from galaxies at epochs of formation as early as z = 10 will be
detectable with the MMA.

The new instruments designed and comstructed in the planning period not
only set the stage for revolutionary advances in radio astronomy but they
provide a comprehensive foundation for future scientific growth.

Planning for the next five years of NRAO operation also includes
emphasis on the efficient operation of all instruments and user facilities.
Consolidation of VLA maintenance and operation with VLBA operation and
maintenance at the Array Operations Center in Socorro has already
demonstrated the efficiency inherent in shared facilities and flexible task
scheduling. Over the planning period the lessons learned will be further
developed as the operation of the two arrays is merged into a single
management structure.



Facilities maintenance at the NRAO will continue to receive attention so
that the users and staff at the NRAO can be assured that all the equipment
functions properly and safely. For the large structures, represented most
particularly by the electrical power distribution system and 80 miles of
rail track in the VLA, maintenance costs are substantial and the needs
continuing.

Beyond the role of operation of unique research facilities for the
scientific community, the NRAO provides a focus for development of new
instrumentation, distribution of software algorithms for analysis and
interpretation of astronomical data, and coordination of the astronomy
community’s needs for major new facilities. These various activities are
also represented in the NRAO long range plan. Specifically:

* The NRAO Central Development Laboratory will further promote the design
and development of ultra low-noise, high electron mobility transistor
amplifiers for microwave radio astronomy applications; photon-assisted
tunnelling (SIS) mixer development for millimeter-wave observations will
be augmented.

* The Astronomical Image Processing System (AIPS) software will be
optimized for the next generation of vector-parallel computers and
operating systems. A separate program of basic research in image
processing will be enhanced. The computational resources available for
radio astronomical image processing will be made commensurate with the
needs of the VLA and VLBA through implementation of the NRAO Array
Computing Plan.

* Development of a single dish computing plan for the needs of the new
Green Bank telescope and expanded capabilities of the 12-meter
telescope.

¢ Working in concert with the community of millimeter-wave astronomers,
the final design and initial construction of a national millimeter-wave
array will be completed and major construction of the array started in
this planning period.

* A program to expand and enhance the capabilities of the VLA will be the
hallmark of the second decade of VLA operation. The VLA sensitivity
will be improved at all frequencies by installation of a new generation
of ultra low-noise receivers. The correlator and signal transmission
system will be replaced by a new design which will increase the
bandwidth by a factor of 20. Together, these improvements will enable
research programs requiring twelve hours now to be completed in two
hours or less.

* The end of this decade will see the union of the VLA and VLBA into a
single instrument providing uniformly spaced data on baselines from
40 meters to 8000 kilometers.






