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NATIONAL RADIO ASTRONOMY OBSERVATORY

CALENDAR YEAR 1984 PROGRAM PLAN
I. INTRODUCTION

The National Radio Astronomy Observatory is funded by the National

Science Foundation undéf a management contract with Associated
‘Universities, Inc. The Observatory operates major telescope systems for
research in radio astronomy and carries out research and development in

related fields of advanced technology and data processing.

Tﬁe four major telescope systems operated by the NRAO are: the
27-element Very Large Array telescope (VLA) located on the Plains of San
Augustin, near Socorro, New Mexico, the 12-m millimeter waveiength
telescope on Kitt Peak, Arizona, and the 140-ft telescope and the 300-ft
meridian transit telescope in Green Bank, West Virginia. Demand for
observihg time remains high at all telescopes. As new technology is
exploited, new receiver developments and operating systems retrofits will
continually improve the observing potential of all of the telescopes. No
fall off in demand is foreseen. The size of the NRAO user community haé
increased by 607 since 1980 and by nearly threefold in the last decade as
more and more non-traditional radio astronomers exploit the available
opportunities. During 1984, approximately 70% of the observing time that
is available on the NRAO telescopes will be used by visiting
investigaﬁors, and ﬁheir planned research is summarized in Section II. of

this Program Plan.

‘

Section III of the Plan presents a program for the devélopment of new
research instrumentation for use on the telescopes, for computer upgrades

to keep pace with advancing technology, and for computing software to
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handle the increasing demands for teleScope:contrql, data acquisition,
signal and image processing, and data analysis. A dynamic electronics
research and development effort is one of the driving fofces behind the
application;of technological advanﬁés to astronomical instfumentation and
therefore is a vital part of the NRAO. Highlights of this effort will
include continuing development of millimeter-wave receivers in order to
better exploit the newv12—m telescope surfacé, the expansion of the VLA to
a new low-frequency domain, and improvemeats in VLB recording and
processing techniques. Ddring 1984, the NRAO will begin £0»im§1ement an
integrated cﬁmputer plan for the following five-year period.

Subséquent sections give‘the detail of the expenditures required for
operations and maintenance of the Observatory. A summary of  the
allocations of funds is given in §IX, the Financial Plan.

Appendices to this Plan include a’summéry of the scientific program
of the NRAO permanent étaff, a list of the‘staff and their principal
research interests, an organizational'chart for the NRAO, a list of
various committees associated with the NRAO, and the 1984 VLBA Program

Plan.
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I1. SCIENTIFIC PROGRAM

The follqwing summary, by telescope, is meant tq be illustrative.of
the science that will be accomplished during the course of 1984. The
detailed charaéter of these programs will bbviously change continuously
during the year aé new proposals are received and old ones are dispatched.
The overall emphasis and the major thrusts byvthe integrated radio
éstronomical_community will probably not deviate from those described
-below, however, since the proposal.scheduling delay after receipt can
range from three to nine months as a reSuit of the peer review process,
the proposal backlog, and the availability of required instrumentation.

The VLA--By every measure the VLA continues to belthe most powerfﬁl
‘and the most scientifically productive instrument that the NRAO has
constructed and operated. Since its first use in 1976, in excess of 2000
projects have been proposed and over three-—fourths of them have received
observing time, Sevefal recent imprdvemenfs to the instrument assure that
this trend will continue through 1984 and-beyond.-Antenna pointing errors
are being systematiéally reduced as thermal insulation is added at thé
rate of one antenna every six weeks. Cooled GaAsFET amplifiers have been
retrofitted to the 18-21 cﬁ and 2-cm wavelength band receivers; at 2 cm
the sensitivity has improved by a factor of thrée. The addition of two
50-MHz wide IF bands has essentially aoubled the data rate. ,On—liné
spectrai—line capacity has been increésed to over 10,000 béseline
:channels. Prototype 300-350 MHz band receivers have;been installedvand
tested as an initial phase in a programbto expand thé frequency
capabilities of the VLA, Close to twenty percent of the programs are run

in absentee observing mode where all or part of the data editing and
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calibration is done by NRAO staff. Remote observing via data link to the
asynchronous computer has also proven to be a successful procgdure for
preparing observing files or monitoring the progress of the observations.

The VLA has made significant contributions to the study of solar
system objects, and 1984 promises more of the same as previous discoveries
are folloﬁed up and new experiments are proposed: Simultaneous VLA and
VLBI observations are planned of high brightness tgmperature microwave
solar flare emission. Multifrequency observations of dark H-alpha
filaments on the sun should lead to an explanation of the origin of the
filament depreséions seen on millimeter and cedtimeterfwavelength solar
maps. Observations of the brightness temperature and polarization of
Titan’will help determine the fraction of the radio emission generated at
the surface and hetter test the present model of Titan's afmosphere. The
thermal physical characteristics of the four Galilean satellites will also
be studied. Further observations of Saturn's rings are necessary to fully
understand the scattering properties and sizes of the ring particles and
to complete a study of the planet's atmosphere. Uranus will be monitored
for rotation and to interpret previously observed brightness temperature
increases. Target of opportunity occultation experiménps will probe the
number—-density and spatial distribution of electrons in comets' tails.

The increased sensitivity and resolution of the VLA has proven to be
especially attractive for researchers interested in stellar astrounomy.
Fully 25% of the observing requests deal with stars or the immediate
stellar 'environment. Observations of pulsars will attempt to isolate
potential short-period candidates, provide dynamical data via /

scintillation measures,; and improve polarization knowledge of the Crab
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pulsar. High—resolution studies of X-ray sfars, such as Sco X?l; Cyg X?l;
and>Cyg Xr3, ﬁill search for radio pefiodicities and morphological
changes, ~P1anetary nebulée, mass losing stars, and supefﬁovae continue'to»
receive much attention, especially as the VLA observations are directly
compérable ﬁith similar resolution observations from 6£her spectral
regimes. This is also true for steilar objéctS'which'have not
traditionall&vbeen of radiolinterest, such‘as T Tauri stars, normal A
stars, red giants, and symﬁiﬁtic stars. The VLA provides new radio
épectral information for tﬁeSe objeéés and occasional morphological clues .
which improve our understanding of the interaction with théir
environment.

Most of the galactic studies that will be undertaken with the VLA'are
concerned with detailed dynamiéalkaﬁd morphological intéractions in star
formation regions and molecular clouds. Regions of energetie outflow will
be extensively sampled witﬁ spectral-line observations at higher
resolution than ever before. Likewiée, HII regiohs provide impor?ant
laboratories in Whigh to probe the physical conditions of thé‘interstellar
material. The strucﬁure of compact and ultracompaét HII regions énd the
investigation of OH and Hy0 maser/sources promises to reveal much about
small-scale star—formation‘phenomené throughout the Galaxy. |

Many studies of extragalactic objects have #éken advantage of the
VLA's ability to provide'equivalent angular.résngtions over a broad

wavelength range as it is used in its various standard configurations.

|

| : '
{spends greater amounts of time on in-depth studies of individual objects.

Programs requiring this capability are on the in@rease as the instrument

Spectral-index distributions, polarization properties and source
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variability parameters are all important quantities which require multiple
observations if we are to fully investigate the physics of normal
galaxies, active galaxies, radio galaxies, and quasars. For many Qf these
objects the proposed VLA observations will be supﬁlemented with
multi-wavelength data from the optical, X-ray, ultraviolet, and infrared
spectral regions. The VLA is heavily involved in programs to investigate
clusters and groups of galaxies, including an attempt to detect the effect
of clusters on the microwave background radiation.

The 12-m Telescope--With the telescope out of service for most of

1983 as a result of the installation and testing of the new surface of the
upgraded telescope, a large number of very excellent programs have
backlogged in anticipation of greater sensitivity and resolution at the
shortest millimeter wavelengths. Most of the projects described -below
were already on hand at the end of 1982.

Although a number of requests are in hand to continue spectral
observations in the J = 1-0 CO lines at 3 mm, the attraction of twice the
angular resolution in the J = 2-1 lines has given rise to a number of
requests to observe extragalactic molecules in a wide variety of galaxy
classes, ranging from spirals to irregulars to Seyfert galaxies. The
distribution of molecular gas is expected to reveal much concerning the
star-formation regions of these galaxies.

Many spectral-line studies are planned which focus on nearby
star-formation regiods and molecular clouds in our own Galaxy. The
energetics of bipolar mass outflow will be a particuiarly noteworthy area
of investigation which promises to reveal much about critical phases of

stellar formation and evolution. Prospects are also quite good for
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improving our understanding of the chemistry of the interstellar medium in
regions as diverse as dark clouds, circumstellaf shells around evoived
stars, or in young star—formation regions.

The stability and improved sensitivity of the 12-m telescope are also
criticgl for a number of proposed continuum studies of a variety of
objects. Several investigators inténd to make a concerted effort to
observé the local variation in the character of the cosmic backgfound
‘radiation seen th:oﬁgh clusters of galaxies. Séveral programs aim to
establish the short-wavelength spectfal character of specific classes of
extragalactic objects as well as to monitor designated sources for
variability. Limited4availability 6f large sensitive instruments in the
1 to 3-mm range has restricted such programs in the past. A direct
iﬁprovement in models for energy generation and propagation in quasars and
galactic nuclei is the ultimate goal of these specﬁral studies. Other |
continuum progfams will explore the character of circumstellar dust
emission, the heating mechanisms in dark clouds and‘globules, and ‘the
surface properties of solar system: planets, satellites, and asteroids.

The 140-ft Telescope--More than half of the oUtstanding proposals to

.use NRAO's most versatile single-dish instrument réquest the‘use of the
recently available 5-26 Gﬂz range upconverter maser receiver. This
receiverkprovides performance at or’very close to the.present
state?bf—the—art, and the completion ' of its second channel in‘late'1983
will make demand for its use.even heavier. The second channel will
improve the signal-to-noise for seﬁsitivity—limited spectral-line
experiments as well as permit simultaneous dual—ffequency observations and

the acquisition of both orthogonal polarizations. Sensitive searches will
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be carried out for 3JHet hyﬁerfine fransitions in several galactic HII
regibns and planetary nebulae as an accurate probe of the 3get to 4Het
ratio which sets importént limits on models of the Universe. The
detection of numerous molecules in specific galactic en&ironmenté will
not oaly lead\io valuéble information about interstellar chemistry but
will improve our understanding of the physical conditions in these unusual
eﬁvironments. Other expetiments‘in this frequency range will seafch for
polarization of theumicrowave background r;diation, iﬁprove the limits
previouslyvseﬁ on small-scale anisotropy_pf this background, and’search
fof the dimunition of the background in the vicinity of clusters of
galaxies.

In the lower frequency ranges recent improvements ‘in the L-band
receiver system noise temperatﬁre make extragalactic, neutral
hydrogenflinebobservations very attractive. Continued observations of
hydrogen in the Magellanic Stream are planned, and'it is hoped that an HI
study of active galaxies will shed clues on the relationship between
normai galaxies and quasars. OH-line observafions are planned as part’ of
an international dampaign to monitor the gas production rate and coma
kinematics of the periodic comet Crommelin and as a “"trial run” for the
upcoming visit of Halley's Comet in 1985/86. H9CO and OH studies of a
*Star—formation region in Taurus are planned which will carefully»evaluéte
the effects of stellar winds from low-mass stars and thevevolution of gas
- clouds and young étar rotation rateé.

About 25% of the observing ti&e on the 140—ft‘te1escope will be
‘devoped to VLBI experiments, partly in concert Witﬁlthe VLBI‘Netwofk,

partly with European VLB stations, and partly in independent VLB

i
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experiments. VLB extragalactié programs will focus oh the smallest
size-scale features in quasars and the nuclei of galaxies in order to
understand the mechanisms of energy generation and transport in these
éources. A subset of these:pfograms continue to monitor superluminal
sources. Within the Galaxy, VLB>experiments will probe regions of maser
activity in ciréumstellér shells and star-formation regions for dirept
dynamical clues to the_evolution of these objects. VLB experiments for
terrestrial applications; iﬁéluding precision geodesy; crustal dynamics
and polar-motion studies, will also continﬁe.

The 300-ft Telescope-—-Continuous integration times are necessarily

limited fér‘most observations with the 300-ft transit telescope, and the
telescope is most efficientiy used for observing many sources per day as
they cross the antenna's meridian. Many observing sessions are usually
necessary to build ué adequate signal to noise on individual sources.
Large survey programs are able to make the most efficient use of these
instrumental limitations and as a result the type of program that it
carries out does not change much from year to year. In.addition, some
work on indiviaual sources can'be accomplished with the help of the !
travelling feed.

Programs, which ére primarily extensions from prior years, include
tHe monitor programs being run by groups from VPI&SU, Massachusetts, and
Michigan to establish,sourée variability charaéteriS;ics as a function of
%ime‘and spectral range. These are‘éxtremely time-éonsuming programs
which are critically‘dependent on caiibration proceeres and long—fime
baseliﬁes. The resulting correlations will providé sﬁrong constraints on

our understanding of the physicalvmechanisms and evolutionary processes at
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work in these sources. In several cases, the 300-ft programs are matched
by auxiliary monitoring programs at other wavelengths by other non-NRAO
telescopes. Preliminary results, which will be further evaluated, seem’ to
favor the existence of two distinct types of low-frequency variables which
may possibly bevcaused by iﬁtrinsic synchrotron opacity changes within
each source or by slow refractive scintillations in the interstell#r
medium.

The 1983 pulsar survey which yielded 37 new pulsar discoveries will
be extended to some potentiélly fertile, low-=latitude regions with a new
technique designed to improve the sensitivity for very short ﬁe:iod
.pulsars.‘ The reéent discovery of two millisecond pulsafs accentuates the
need for an extensive survey sensitive to pulsar periods less than
0.1 sec. It is felt that the new data gathering and héndling techniques
will be able to surmount the limitations of previous surveys.

There are several galaxy survey programs for which the:300—ft
telescope is particularly well suited. A new survey ofvnearby (§,20 Mpc)
E and SO galaxies for 21—cm’emission is appropriate due to the increased
sensitivity afforded by the new, cooled 2l-cm FET receiver. Recent
catalogs of radial velocities and morphological types alldﬁ the selection
ofran improved sample over a wider range of luminosity than previously
‘available. In another set of galaxies, which primarily contain knéwn dust
lanes, a search for HI and OH absorption will bé concentrated in order to
better elucidate the dynamicai properties ofvthe galaxieé. Avstudy of
long-term variability of active galactic nuclei at 1.5 CHz ﬁill be

iCorrelated with ongoingﬁstudies at higher frequencies.
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ITI. RESEARCH INSTRUMENTS

The primary research ipstruments at the National Radio Astronomy _
Observatory are in its four basic telescope systems: (1) the 140-ft
vtelescope, (2) the 300-ft teiescope, t3) the i2-m telescope, and (4) the
Very Large Array (VLA). Each of these telescopes was conceived, designed,
and constructed in response to specific scientific needs of thé radio
astronomical community and with the most current technologies then |
available. A majbr part of the NRAO program deals with susfaining the
forefront capabilities of these telescopes in fulfillment of the NRAO
obligation to operate first-rate observing instruments. On many occasions
during the operating lives of each of the telescopes, modifications aﬁd
upgrades have been performed which have significantly improved their
performance. Items in this area have included resurfacing, improved
pointing control, modified feed désigns, and upgraded control and
acquisition computers.

Additionally, auxiliary instrumentation in the form of new or
modified receivers, spectrometers, correlators, refrigeration éystems,
etc., are continually required to maintain and improve the capabilities. of
the telescopes. To this eﬁd, the NRAO maintains‘an active reéearch and
development program in electronic and computer hardware at each observing
site as well as in the Ceqtral Development Labofatory in Charlottesville.
ﬁs the nation's principal center for research in radio astronomy, it is
éssential that the Observatory set a leading paée in most instrumentation
areas.

Because of rapid and unpredictable changes in "state-of-the-art"”

electronics hardware and unforeseen short notice requirements of the
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scientific community, it is desirable that flexibility within the ééneral
area of the program be maintained. The table shows the planned
distfibution of‘fﬁnds for the "Research Equipment"” account. The:NRAO
continually updates this table as sci;ntific priorities change. These
estimates provide funds for the COmplétiop of already started projects,
" items of cOntinuing and general development, and funds for new |
development.

A general description of most of the projects in the Research

EQuipment account follows:



REVISED PAGE 15 - 1984 PROGRAM PLAN

Item 1. Research Equipment (in thousands of dollars)

1984 Plan ' 1984
1983 Est. to Est. Cont. Est. New Total Cost to Year of
Plan Complete Development Development Estimate Complete Completion
1. Research & Test $ 275.0 $ 325.0 $ 325.0 Ongoing
2. 140-ft Telescope ‘
5~26 GHz Rx 50.0 $ 10.0 10.0 1984
New Subreflector $30.0 30.0 1984
3. 300-ft Telescope '
2-5 GHz Rx 20.0 65.0 65.0 1984
Spectral Processor 20.0 100.0 100.0 $ 95.0 1986
300-ft Computer 25.0 60.0 ’ ‘ 60.0 80.0 1984
Lateral Focusing Device 40.0 40.0 1984
4. 12-m Telescope v
mmA Device Development 70.0 140.0 140.0 Ongoing
New Receivers 40.0 100.0 100.0 Ongoing
Computer Upgrade 75.0 145.0 145.0 Ongoing
5. VLA Electronics :

' 300 MHz Rx 30.0 70.0 70.0 60.0 1986
FET Amplifiers 150.0 ' 0.0 1984
Antenna Pointing Improv. 25.0 15.0 15.0 15.0 1985
Modules 25.0 30.0 30.0 Ongoing
Water Vapor Rx 30.0 -30.0 ' 30.0 120.0 1986

6. VLA Computing .
Sync. Computer 230.0 315.0 315.0 300.0 1986
DEC 10 System 100.0 100.0 40.0 1986
Pipeline 170.0 - 170.0 170.0 1986
AIPS 130.0 282.0 282.0 1000.0 1986
7. VLBI ,
Miscellaneous ) 140.0 50.0 . 50.0 Ongoing
8. Other
JMiscellaneous 193.0 140.0 140.0 Ongoing
+ Total ‘ $1,528.0 | - $135.0 $2,012.0 $70.0 $2,217.0 R
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A, TTEMS TO COMPLETE IN 1984

5-26 GHz RECEIVER -

Justification

The recently completed first Chaqnel of the 5—26vGHz receiver is in
very high demand at the '140-ft telesgope. Many spéctral—line experiments,
however, are sensitivity—limiteé and would benefit significantly with a
second channel capability. A second channel on the receiver will improve
signal—tOfnoise,.allowbredundancy checks between the two independent fropt
ends, and allow simﬁltaneous dual-frequency observations of, for example,
differenﬁ transitions of a given molecular species. Experiments which
require the detection of both orthogonal poiarizations would also 5e
’possible with the addition of a second chaﬁnel. Current requests include
the'study of circular poiarization in maser soufces and the searéh for
small-scale polarization of the microwave background. Currently VLBI
polarization studieg‘bf compact radio sources make use of the 6/25—cm
prime focus réceiver whi@h has an élevated_system temperatufe and
genéraliy compromises the éensitivity of all of the ekperiments &uring
6-cm nefwork'sessions.

Description

The second channel of the feceiver will be completed and is expected
to perform as well as the first channel. After initial instaliation and
Festing:to confirm the system parameters, the receiver's two channelé will
not be simulténeously usable until completion of a new reflector/feed

system.
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2-5 GHz RECEIVER

Justification

The region of the electromagnetic spectrum from\Z to 5 GHz is
frimarj:.‘v]‘.y of interestildue to\the‘ presence of spectral lines. Radio
recombination-lines ofihydrogen'and-&ielectrqnic recombiﬁation lines of
heavyveiements bqth ofiginate in regions of ionized hydrogen and are |
valuablé‘probes of the dynamics and physical conditions in young
star-fofming regions. :The molecular{lines of CH are very weak (few tentﬁs
degréegkelvin) and originate in tenuoﬁs clouds which are:qdité widespread
throughdut the Galaxy;‘ Just as the 3-mm transitions of CO have
contribufed to thé stﬁdy of dénsevmolecular‘clouds, the 9-cm CH lines
should érove invaluable to;the study‘bf diffuse molecular clouds.
Improvements in this wavéband would also greatly affect continuum
observations—-the principal beneficiaries being VLBI continuum studies of
‘compact sources. | |

Déécription

The 2-5 GHz réceiver will be used on both the 300-ft and 140-ft
telescopes and consolidate and improve the performancé of several existing
receivers which were deéigned mainly‘fér continuum-WOik and do not héve
sufficient sensitivity requirements-fqr spectral—liné_work. The receiver
desién ié similar to the existing 1-2 QHz'receiver, éqd orthomode junction
feeds will be constructed to optimize:éérformance aréﬁnd specifié |
'Qpectral-line regions.j The design go;i.at tﬁe 9-cm‘¢H lines is a system

temperature of 30 K,
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300-FT CONTROL COMPUTER

Justification

. The present 300-ft telescope control computer-is éeverely
constrained in its capacity to handle new obsérving procedures and\
imprgved instrumentation. Currently the DDP-116 computer lacks sufficient
space to allow an increase in the sampling rate for multichannel receivers
or tb expand the storage of card images by the data-taking programs..
 Additiona1 requirements for on-line observing, file.editing, remote
Obéerving, Qr.the abilit& to handle speétra from the proposed new spectral
processor are completely beyond its méans. The basic réquirements for a
new telescope control computer are modeét real-time speed, sufficient
capacity to‘handle advances in data-taking, software friendliness, and
reliability. ' ‘ ,

Description . |
The old DP-116 computer will be replaced with a new'éOmputer,

probably either a VAX or a 68000-based MSC 500.
B. ITEMS FOR CONTINUING DEVELOPMENT IN 1984

RESEARCH AND TEST EQUIPMENT

Description

Many small electronics and computer projects too numerous to itemize
are continua}iy in progress at each of the four NRAO geographic locations.
Although the budget for each project is generally'éonsiderably leés than
$20k, Coliectively the projects are vital to ﬁhe‘ObserQatory's ability to
';espondkto the changing technological environment. Ongoing electronics

_research projects deal primarily with the application of digital
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engineering, modifications to existing front-ends, developmenis in the
cryogenic systems, telescope surface measurements, and improvements in
interference detection and excision. At the VLA, electronics research
efforts are directed tOVVLBI observing techniques and tests and
improvements of the electronicé-subsystems. A wide diversity of critical
test equipmeﬁt, from osci}loscopes to network analyzers, is indispensible

to carry out the above tasks,

SPECTRAL PROCESSOR

Justification

The spectral processor is a combination spectrometer and signal
processor, designed to reﬁlace the Mark III autocorrelatbr and the Nicolet
signal averager at the 300—ft telescope. It improves on existing
instrumentation in two major areas. >S§eétra1—1ine observations will have
greater reéistance to interference since spectral estimates aré produced
oncé every 10 microseconds instead of once every 10 seconds as in the i
autocorrelator. This allows spectral estimates contaminated by broadband
or narrowband interference to be excluded from the accgmulated specfruﬁ.
The spectral processor will also increase the available number of spectfal
channels, providing 2048 écross 40 MHz éé compared to 384 across 10 MHz in
the Mark III autocorrelatdr. Secondly, ?he spectral pfécessor will
greatly improve data acquisition capabilities at the 360—ft. As a
dedisperséf, it will allow high time-reéblution studies of average
waveforms and single puléés, with fhil polarization inf9rmation,
Scintillation studies will be possible that employ a’ﬁide range of

bandwidths, with spectrél windows centeréd on different pulse components.
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The spectral processor will also allow highly autoﬁated and accurate
pulsar timing programs to be performed. |

Description

The spectral processor is a pipelined, fast Fourier transform
spectrometer, incorporating real-time interference excision and flexible
time and frequency merging capabilities. As a spectrometef it will -
provide up;to 1024 channels x 2 polarizations across a 20-MHz bandwidth,
with the accumulation of up to eight independent spectra. As a pulsar
processor;>it will provide 256 channels x 4 polarizations across aVZO—MHz
bandwidth with full dedispersing capabilities. In either configuration
the bandwidth can be reduced to 1/1024 of the maximum in binary steps.
Maximum time reéolution will be 12.8 miéroseconds and intefference
excision will takg place on intervals as short as this, The ability to
display spectra and pulsar profiles in real-time will be provided as well

as the capability of monitoring the interference excision process.

MILLIMETER-WAVELENGTH DEVICE DEVELOPMENT

Justification

Virtually all astrophysics done at millimeter wavelengths.is
sensitivity limited because the emitting gas is both cold and spatially
extended in most objects of interest. Thus the spectral lines involved
are both of low intensity and of narrow width, containing very little
energy. There is accordingly a greater scientific need for continued
improvements in receiver sensitivity at millimeter wavelengths than exists
at centimeter wavelengths. This will be especially true When future
millimeter wavelength array observations are made. Currént experience

suggests that significant improvements are to be expected using both
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cooled Schottky-barrier diodes and SIS junctions. At the longer
millimeter wavelengths (~3 mm), recent improvements in SIS mixers,
eépecially at Goddard Institute for Space Studies, have resulted in Tgyg =
75 K“(SSB), a factor of nearly two better than previously achievéd.
Simiiar sizable improvements continue at shorter (1.3 mm) Wavelehgths with
Schéttky mixers, Whére NRAO has now achieved TSys ~ 400 K (SSB) in a full
recéiver.

Description

Millimeter-wave receiver design work will continue to make use of
Schottky‘diodes supplied to NRAO under a subcontract with a group at the
University of Virginia. Theoretical considerations and developmental work
oﬁ SIS junctions hold the promise of eventually producing junctions and
corresponding millimetervdevices that are inherently superior to Schottky
diode mixers at the shortest millimeter wavelengths. SIS junctions
fabricated by NRAO at‘NBS have not matched in performanée the junctions in
use at Bell Labs. The current plan will therefore inclﬁde the development
of niobium SIS junctions at the University of Virginia§ Niobium junctions
shoﬁld be more durable and require less refrigeration than those junctions

currently in use.

NEW RECEIVERS FOR THE 12-M TELESCOPE

Justification

With the expanded capability of the resurfaced”lZ-m millimeter-wave
pelescope'there is a need to improve and modernize some of the existing 1,
?, and 3-mm receivers. A number of technical developments potentially

ieading to substantially lower noise temperatures have occurred since the
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existing receivers were constructed. Observing pressure in these three
atmosphere windows is expected to rise as researchers seek to’take
advantage of the 12-m telescope's increase in sensitivity at the shortest
wavelengths and improved pointing characteristiecs. Of fundamental
interest will be the study of the J = 2+1 line of molecular CO in a wide
variety of objects, including circumstellar shells, regions of molecular
outflow, and external galaxies where the increased spatial resolution is
critical.

Description

The new l-mm receiver will consist of a number of mixers, each in
its own dewar, covering the range 200-345 GHz. This receiver will use an
IF frequency of 1.5 GHz to make use of the new cboled FET amplifiers
developed by NRAO's Central Development Laboratory. The new 2-mm receiver
will use similar technology. The new 3-mm receiver will cover the 3-mm
atmospheric window in two separate ranges. A cooled Schottky mixer will
cover the range 70-95 GHz. The frequency range 95-120 GHz, important for
observations of CO in distant galaxies, will make use of an SIS mixer.

These receivers will also make use of the new L-band IF system.

12-M TELESCOPE CONTROL COMPUTER UPGRADE

Justification

Currently the millimeter-wave telescope is controlled by means of a
:FORTH control program installed in a PDP-11/40 computer. Data‘acquisition
‘is handled by a separate PDP 11/40 which was installed several years ago.
The FORTH control program has approximately 1000 words of memory available
for program expansion, and this is already seen as inadequate for handling

telescope and instrumentation hardware modifications which have already
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been pianned as logical follow-ups to the 12-m surface upgrade.
Inductosyns, for example, will increase the data load for the
determination of telescope pointing corrections and new receivers will
demand more sophistiéated‘control édftware if full advantage is fb be made
of thé higher angulaf resolution afforded by shorter wavelength
operétions.
:bDescription

‘Extensive softﬁare and hardware investment in the existing UNIBUS
datéisystem dictates the DEC VAX 32-bit procéssor series as the computer
of chpice for the next generatipn telescope control computer system. Over
the course of the next two or three years, the existing PD 11/40 will be
replaced by é PDP 11/44 with expanded‘mémory (already éxisting downtown).
This  SERVO computer for éll hardware except the data:taking devices would
be slaved to a VAX 11-750 which would in turn function as the CONTROL/
ANALYSIS computer.‘ The VAX 11-750 would control the PDP 11/44, collect
data from the data taking devices, as ﬁell as provide operator interface
and observer analysis. An almost idenfical system downtown will optimize
proéram preparation and hardware tests; System dupliéation will also

effectiﬁely reduce the required spare part inventory.

300 MHZ RECEIVER FOR THE VLA

Justification

Observations of a large number of astronomical objects would benefit
from a lower observing frequency than 1.35 GHz, the 1bwest frequency

currently supported on' the VLA, Giantkradio galaxieétand large galactic

sources are specific classes of sources where low—frequency spectral

gradient information clearly is necessary to fully understand and model

the source parameters and evolutionary characteristics.



24

Description

The receiver will be designéd so that observations in the range
300-350 MHz can be madeiwith an instantaneous bandﬁidth of'approximately
5 MHz. At this low frequency, the VLA 25-m diameter antennas can only be
usedvin prime focus mode:  If the off-axis aberrations are not too large,
it is expected that the feed canlbelpermanently located at the end of‘the
subreflector to minimize the time it takes to change to this frequeﬁcy.
It is>known that.radio frequency interference, both locally generated at .

the VLA and from external sources, will be a significant problem.

VLA ANTENNA POINTING’IMPROVEMENTS

Justification

When the VLA'antenﬁas are illuminated by the sun at a low elevation
angle, differential températures of up to 5° C have beén observed across
the antenna structure. ;Under these conditions the pedestal and yéke of
the antenna can»ﬁendisignificantly and cause'pointing-érrors of up to one
arcminute., These are critical fbr observations in the 1.3-cm waveband
‘where the potential shifts are comparable in size fo the primary antenna
beamwidth. Lesser pbinting problems, with tilts up td 20 arcsecdhds,
occur in the azimuth axis of a few»éntennas at certain azimuth angles,
presumably-caﬁsed by defomations or perturbations in the azimuth
bearings.

vDescription

Thermal insulation is being added to the criticai parts of each
antenna as it comes in turn to the maingenance shed for itg périodic

inspection and overhaul. The reinsulation program will take until 1986 to
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comﬁlete for ail 28 antgnnaé; An active correction scheme utilizing
electronic tilt meters mounted on the antenna structure is being.
.investigated for ﬁotentially solving the azimuth Bearing problem and the

problem of antenna tilts caused by constant wind forces.

VLA MODULE iMPROVEMENTS

Description

Many of the various VLA electronics modules which perform critical
“tasks in governing the flow of data or signals in the VLA receiver
channels need to be replaced by more modern elements. Replacement of the
older technology components will have thelnet affect of significantly
redgcing system noise temperature énd improving the system phase
stability. . Some of.the modules have been functioning, essentially

.unimproved, for more than six years.

" WATER VAPOR RADIOMETERS

Justification

The\aeQelopmenﬁ of a system to measure the total precipitable water
in a path through the atmosphere will serve three purposes. First, the
radiometer developed in this project can bé used as a prototype of fhe
device which is required at each VLBA station. Second, the radiometer can
be used at the VLA to provide estimateé of the extinétioh, giving
corrections for observations‘at 1.3 em and serving as an historicalyrecord
of the quality of the VLA site. Finally, if reliable systems can be
built at sufficiently low cost, it would be attractive to add them to

the VLA itself.
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Description

The device will consist of two radiometérst one operating‘at about
20.5 GHz; the other at about 31 GHz. The radiometers will probébly be
built around room temperature mixers, with system temperatures of ~600 K.
. The system will be mounted so that it can cover the full rénge of
eleéation and. probably the full range ip azimuth as well. The concept i§
straightforward; The engineering effort will concentrate oﬁ the problem.

of achieving high-gain stability at a reasonable cost.

VLA SYNCHRONOUS COMPUTER UPGRADE

Justification

Most of the hérdware in the VLA on-line system was purchased in
1974, and although the Modcomp computers should continue to be reliable,
some peripherals are, or will soon become, obsolete. Increased
maintenance and higher downtime will result. Bottlenecks in the system's
two main éomputers are caused by memory that is completelyvused up or
nearly full. Any additional demands for space will require very careful
memory management or major redesigning of data storage algorithms. CPU
capacity is insufficient to handle the additional displays required for
array opération, and I/0 bandwidth is lacking in the capacity necessary to
allow the addition of faster devices. Additionaily, the operating system
is not optimal for efficient program development and debugging. |

Description

Although there are several stopgap measures that could be taken,
none address all of the above problems and all represent substantial
software and hardware effort. A single upgrade that has been proposed is

the replacement of four of the current Modcomp computers (BOSS, MONTY, and
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CORA/CORBIN) by three new Modcomp Classic models and to obtain a fourth
for softwaré development and as a repoéitory for spares. This recognizes
‘the existing software investment in Modcomps and minimizes hardware

development costs.

VLA, DEC-10 SYSTEM UPGRADE

Justification

" The asynchronous'DEC-IO computer system is the only computer used
for‘interéctive éalibraﬁion and editiﬁg of VLA data. \Curreﬁtly, it‘ié
heavilj oversubscribed for computing apd disk storage and remaiﬁs theb
major bottleneck invthevVLA data reduction‘chain. Even though the
"pipeline” will ﬁltimatély remove much of the ﬁurden from the DEC-10, the
calibration software wili continue to be run there. The ease of upgrading
this system is effectively limited By its 36-bit architecture and the féct
that most of the application softwafe is written in the SAIL language.iv
The TOPS-10 operating system éurrently in use on the DEC-10 willkalso ﬁbt
support DECNET, the networking system that will provide friéndly user
interaction for the pipeline system. The disks currently employed on the
DEC-10 system are also old and costly.tovmaintain. | E

vDescription :

The DEC-10 operaping system will be upgraded to TQPS—ZO,‘which.d;es
not have tﬁe limitations of the older TOPS-10 operafing system, supports‘
SAIL, andvprobably will ?rovide better éllocation of thé DEC—lO'é-scafée‘

resources. A Winchester disk system will replace the gﬁisting disks.v



28
VLA PIPELINE COMPUTER MAPPING HARDWARE

Justificatidn

The VLA Pipeline System generates maps from VLA observations with
'significantly more capacity than any of the other VLA cbmputer systems.
Its main objective is to provide the mapping throughput‘that is necessary
to Aperate the VLA,at full efficiengy in the spectral-line mode. Although
the system doeé not lack for computer capacity, its impact as a convenient
tool for astronémers has been‘limitéd;by its lack of interaétive display
devices. . Visual inspection of the data in the map plane is necessary in
order to provide effective quality control, -database reduction; limited
map analysis, and broduction of hard copy. FIn the ‘visibility plane, rapid
display would prombte effective editing and control of the data processing
aﬁd be a usefui diagnostic tool throughout the mapping procedure. Rapid
response to the data stream and the ability to change mapping strategy
will avoid potential slow downs and data overloads in the pipeline system.

Description

The Pipeline currently uses one 12s TV-type interactive display
system and a grey scale, hard—copy device. At least one more image
displgy system will be acquired in order to make the Pipeline truly a
multi-user system. Other necessary hardware units include: an image
storage device for storiﬁg 128, 512x512 maps with film loop playback
capability, control panel, dot matrix printer, and Dicomed color image

recording device.
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AIPS: ASTRONOMICAL IMAGE PROCESSING SYSTEM

Justification

The AIPS software package handles virfually all VLA postprocessing,
both within the NRAO (on four systems) and in the university community (on
approximately twéﬁty systems). - It is extensiveiy supported by a full-time
’abpiications group at the NRAO whose clientele have recentl§ included the
VLBI community.

The evolviﬁg needsxof aperture synthesis map processing have imposed
increasing demands on AIPS for handling larger maps and spectfal—line
déta. When added to the;alreédy large demand for disk space that this
ﬁyfé of processing requires, several gigabytes of disk space for a heavily
used system is not unusual. The cﬁrrent NRAO systems need additional disk
cépacity to keep pace with increasing demand and system complexity.

The cost of a VAX-based AIPS system is prohibitively high for a -
small university depattment. While still preserving its scientific power,
AIPS must be developed for use on less expensive hardware if its use is to
contiﬁue'expanding Qutside of the large astronomical centers.

| Description

Additional disk capacity wili be acquired and made availéble for the
NRAO-supported 1arge;processing s&stems. Better .inter-processor
cdmmunications are planned which will more effectively share disk. capacity
between systems. |

The NRAO Willvpurchase a UNIX-based super microprocessor (probably
68000—based) and arréy processor ih order to develop a small AIPS system
%hat is affordable by small university departmenték(abpfoximately’SISOk).
éoftware development and. support is planned to the same extent that

VAX-based software is supported on the more expensive systems.
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IMPROVEMENTS TO MK III VLBI RECORDING EQUIPMENT

Justification

Current wide-band MK III VLBI experiﬁents consume enormous
' quantities of magnetic tape as they are recorded with fixed, relatively
wide track hea&s at both Green Bank and the VLA, kThis has put severe
limitations on the operational ease of the MK III system and the type of
‘experiment which has been able to take advantage of its wide-band
capabilities. Especially inconvenienced have been spectral-line
experiments which demand high resolution and velocity range; ThellaCk of
a substantial tape inventory‘has also imposed an artificial limit to the
science done with the system. Furtherﬁore, the VLA formatter differs from
all other formatters now in use aé well as being marginally designed and
poorly documented. ' It also is unreliable at the highest MK III sampling
rate.

Description

It is planned to purchase movable, narrow track heads which will
record at least a factor of twelve more information on one tape by
stacking multiple record strips across the tape. 1In addition to this
high-density recording mode, the recorder electronics will be upgraded‘to
augment the system's bandwidth capabilities. Operational reliability at

the VLA will be improved by purchasing a new formatter.
OTHER PROJECTS

COOLED GASFET AMPLIFIER DEVELOPMENT

|
i Justification

Cooled GaAs FET amplifiers are more reliable, stable, and have lower

noise than parametric amplifiers. They have become widely used for
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centimeter wavelength observations because their improved characteristics
allow for reduction in observing integratioh times as well asqmore
reliable detections of weak signals and lgss cumbersome and unreliable °
éalibration procedures. These amplifiers are also used as IF amplifiérs
for millimeter-wave receivers and thereby improve the sénsitivity of
neaél& all observations performed at the.NRA . |

Descriﬁtion

Amplifiers have been designed at 1.5, 5.0, 10.7, and 15.0 GHz, and
over 200 units have'beén constructéd; the majority are already in use at
observatories around the world. Future work will include designé at 0.3,
8.3, and 23.0 GHz. Investigations will also be directed at improving the
FET device itself. The NRAO expects to participate contractually with
another development laboratory to produce and test prototype High Electron

Mobility Transistor (HEMT) devices which promise to significantly lower

noise temperatures at elevated operating temperatures (~100 K).
C. NEW DEVELOPMENT ITEMS STARTING IN 1984

NEW 140-FT SUBREFLECTOR

Justification

The use of the deformable subreflector system is in great demand.
As a method of removing atmospheric fluctuations af the high frequencies,
nutating has proved extremely successful. However, the neérlybconstant
use of the nutation and deforming mechanisms put significant structural
§tress on the subreflector. Frequent removal and installation of phew
%ubreflector (because of its great demand) also have fesulted in some

minor damage to the subreflector, and it shows sign of plastic creep as
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_Awell. -One section of the subrefiector is now misshape&, and the best fit
rms is measured to be 0.012 inches,‘degr;dea from an §rigina1 0.009 |
inches.

Déscription

A ﬁew deformable subreflector will be constrﬁcted‘which will include
design modifications whicﬁ have been suggested in the light of experience
with the éxisting subreflector. It Will. for example, have a somewhat
slower nutation and-largér beam throw built into it for operation at lower
frequencies. ‘The new subreflector will have a somewhatbaifferent figure
and will be built to acéommodéte futu?e modifications in lateral focusing

schemes on the 140-ft telescope.

'LATERAL FOCUSING DEVICE FOR THE 300-FT TELESCOPE

Justification

At the 300-ft télescope, tﬁere is a significant N-S displacement of
the fdcalvpoint asvthe telescobe is moved awayxfrom‘the zénith. Both
defocusing and astigmatism cause a sharp droﬁoff in the aperture
efficiency of the 300-ft at zenith angles greater than about 20° for
centimeter-wave observations. The demand for higﬁ pérformance of the
300-ft at these frequencies is growing as theuiﬁstrument ;s used for wide
sky sufveYs.

Description .

A NfS fééusiné mechanism and éstigmatic leﬂs are being desiéned
Which,tould pdtentiaiiy improvevfhe’existing peak efficiency‘level and
%Xtend thé raﬁge of~high=efficiency‘by‘10° to 15° at high and low
%eclihations. Tests at 4.75 GHz have indicated a d.75/degree motion of

the optimum focus location as a function of zenith angle. When the .
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 antenna moves South, the optimum feed location moves North. Tests with an
offset feed scheme show that the aperture efficiency at 20° zenith angle
might rise from'about 0.28 to about 0.38 if such a solution were adopted.
An astigmatic lens would primarily benefit higher zenith angle

observations.

i



IV. EQUIPMENT
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IV. EQUIPMENT

The distribution of funds (in thousands of dollars) in the various
equipment accounts is as follows:
1. Maintenance;’Shop and Repair Equipment.....;.....é 32.0
2., Office and Library Furnishings and Equipment..... 46.0.
3. Living Quarters FUrnitur€.eeceseecscescsessscssonsae 2.0
4, Building EquUipment...c.cesecesessccsssssssssccsas 9.0
5. Scientific Services and Engineering Equipment.... 20.0
6. Other Equipment......ceceeeiesencenneensenenannns 145.0
| $250.0

Item

1. Maintenance, Shop and Repair Equipment

Funds planned in this account provide for the replacement and/or
acquisition of items for the shops and maintenance divisions. Items
inciuded in this account are: tractors and mowers, replacement trucks and
other vehicles, machine shop equipment, and auxiliary items and
accessories to be used with existing equipment.

2. Office and Library Furnishings and Equipment

These funds provide for replacement, updating and acquisition of
communications equipment, typewriters, business data and text processing
equipment, copying machines, and othey major office furnishings.

3. Living Quarters Furnishings

These funds provide for replacement of household appliances and

furnishings used in site living quarters.
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4., Building Equipment

These funds provide for items that are generally attached to and
become a part of the buildings. Included are such items as small

air-conditioners, small heating units, water heaters, etc,

5. Scientific Services and Engineering Equipment

These funds prdvide for small equipment additions in»the“darkroom,
Public Education; and Engineering Divisions. Items such as cameras, film
processing units, projectérs, measuring equipmenf, etc., are included in
this amount.

6. Other Equipment

An amount of $145k is required to replace one of the passenger buses

at the VLA..
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V. OPERATIONS AND MAINTENANCE

The activities at the NRAO group naturally into six operations units
which reflect both the individual operations at its thrée observing sites
and the integrated operations which encompass all four geog*aphic
locations. The geographic‘distribution of personnel iﬁ these\six units 1is

given in SVIII.

A. - General and Administration

Serving the needs of the entire Observatory, this unit is comprised
of the Director's Office, Fiscal Office, and Business Office. Total
Materials, Suppliés and Services (MS&S) funding will be $185k. Furthef
major budget items, such as the rent and maintenance of the
Charlottesville buildingé, communications, and utilities, will require
$420k. The ménagement fee paid to Aésociated Universities, Inc., will be
$330k.

B. Research Support

The NRAO scientific research staff, composed of staff scientists and
students (summer, co-operative, and Ph.D.), engages in independent
research and competes for observing time on an equal basis with visiting
sciéntisﬁs. They are expected to carry out research of the highest
calibre while at the same time assisting visiting astronomers in gaining
familiarity with the NRAO instruments and facilities. Because they are at
the forefront of research in their individual areas of expertise, they are
‘an invaluable asset to the NRAO in posing new problems and stimulating new
approaches to observational problems. The staff advises the technical
divisioﬁs about modifications to equipment or the design‘of new eqﬁipment

and participates in the checkout and calibration of the instrumentation.
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In 1984, the NRAQ'su@mer'student program will7COntihue‘in full force as
a vital element in NkAO's commitment to the training of future radio
astronomers. | N |
The Research Sapport unit aiso includes’the Chariottes?ille support
persons who maintain the central 11brary and the technlcal illustration
and drafting services for4the entire Observatory. In 1984 Material and
quply (M&S) budget of $141k for‘this groap is earmarked primarily-for
publication support (page charges) of papers based on data obtalned with
the NRAO telescopes as Well as for the book and periodical expenses of the
_three major NRAO llbrarles. | |
More than one—third of the overall NRAO travel budget will be
expended in the Research Support group ($225k) prlmarily for travel by all
staff and vi51tors from U.S.-based 1nst;tut19ns to carry out observ1ng
programs at NRAO teiescopes or to use Charlottesville;s data analysis
facilities. During 1984; $45k is planned for foreign travel by the staff
and $20k is availabie for qualifying U.S. scientists who need travel

support to observe at unique fdreign telescopes.

C. Technical Sﬁpport
Several groups prdViding Observatory-wide technical research and
develbpﬁent'support are coneentrated_in Charlottesville. Work at the
Central'DEVelohment,Laboratory on radiometer improvements and the
exploration of state—ef—the—art’techniques for expanding wavelength
fcapabilities insures that the Observatory'Will have forefront
instrumentation in the foreseeabie’future.' A subgroup'at the Central Lah

is heavily involved in the development of VLBI techniques and correlator

improvements. The Computer Division oﬁerates the NRAO IBM 4341 central
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,épmputer and the ViﬁvﬁkII processor and assists iﬁ #he development of

- programs for'compuﬁers at the telescopes. A maj@r responsibility of the
Computer Division is the development and maintenance of an astronmomical
image processing qapability, which is currently operating iﬁ
Charlqttesville and at.thé VLA as wellvas at a number of institutions.
World;wide. The Engineering Division provides engineering assistance for
the design of'new facilities and telescopes. During. 1983, $470k is
budgeted for MS&S for the‘above'three groups. The,major portion of thié

sum ($340k) will be used for computer rental.

D. Green Bank Operations

The five divisions at Green Bank are responsible for}ﬁaintainiﬁg and
operatingfthe 300-ft teléscope, the 140-ft telescope, and the ‘
interferometer (for the USNO). New instrumentafion specifically for the
single‘dishes is deyeldped on site. Some ﬁofkshops, electrdniés, and
graphics support is also provided for Observatory-wide activities. These
five divisions and their 1984 budgets for MS&S aré: Telescope Services*
($197k), Electrdnics ($120k), Plant Maintenance ($120k), Administrative
Services ($115k), and Scientific Services ($32k). An édditional $310k
will bé spent dn communications and utilities. It-is‘also estimated that
food services and housing Qili bring in revenues of about $90k. The

operation of the Green Bank interferometer for the USNO affects the

Green Bank Operations budget as a credit of $621k (see §VI).

* Telescope Operations and Central Shops are combined to be the
" Telescope Services Division.
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E. ‘Tucson Operations

Two divisions in Tucson are responsible for the maintenance and
operation“of the newly resurfaced 12-m millimeter aneleﬁgth telescope at
Kitt Peak. The Electronics Division will be devoting a major portion. of
their 1984 effort to packaging new receivers which wili take full
advantége of the iﬁproved short wavelength pofential of the new surface.
The Operations and Maintenance group handles all visiting astronomer
logistics and observing sﬁpport, which for 1984 will include continued
software development for improved data acquisition.‘ The two‘Tucson
subgroups will require the following M&S budgets for 1984: Operations and
Maintenance ($203k) and El