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ABSTRA CT

Solar radio astronomy is about to undergoa revolution with the advent of a newradio synthesisarray,
the Frequency Agile Solar Radiotelescope (FASR). The array will consist of more than 100 antennas
(5000 baselines),and will be designedto meet the special challengesof solar imaging. It will produce
high-quality imagesat hundreds of frequenciesin the range 20 MHz{24 GHz. We brie
y describe the
plans for the instrument, and then concentrate on the rangeof sciencethat is expectedto be addressed,
using current state-of-the-art solar radio observations and modeling to illustrate FASR performance.
We end with an assessment of the current status of the instrument, and plans for future.
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I. INTR ODUCTION

Studiesof the Sun havebeenundertaken over a wide
rangeof radio wavelengthsutilizing many dissimilar in-
struments built for many di�eren t purposes. These
include imaging instruments at a few widely spaced
frequencies,such as the Very Large Array (VLA), the
Nobeyama Radioheliograph (NoRH), and the Nancay
Radioheliograph (NRH). There are also instruments
with good spectral resolution but limited spatial res-
olution or imaging capability, such as the Owens Val-
ley Solar Array (OVSA), and the RATAN 600. Yet
the range of solar physics addressablethrough radio
emissionis extremely broad, by virtue of the simplicit y
of the main emissionprocesses(those due to incoher-
ent emissionfrom electrons), the strong dependenceof
the emissionon magnetic �eld strength, and the many
decadesof frequency available in the radio range. No
single existing instrument comescloseto the combina-
tion of spatial resolution, image quality, spectral reso-
lution, wide spectral coverage,and time resolution that
is neededto fully exploit the power of solar radio emis-
sion diagnostics.

However, recent advancesin broadband devices,dig-
ital circuitry and computing power have made it fea-
sible to designan instrument at modest cost that will
have this challenging combination of capabilities. We
are currently in the designstageof just such an instru-
ment, called the FrequencyAgile Solar Radiotelescope
(FASR). FASR is envisioned asa solar-dedicatedinter-
ferometer array capable of producing high-resolution,
high-�delit y, and high-dynamic-range images over an
extremely broad frequencyrangeof � 0.02{24GHz, and
thus will provide imaging spectroscopy of the full disk
of the Sun with up to 0.1 s time resolution. Various
aspects of the FASR project appear elsewherein the
literature (Bastian 2003a; b; White et al. 2003;Gary &
Keller 2003).

The Sun is spatially and temporally complex. The
Sun's radio brightnesscan changeby orders of magni-

tude on extremely short timescales. Hence, the usual
technique of Earth rotation aperture synthesis that is
used to improve the image quality of cosmic sources,
which areessentially unchanging in time, doesnot work
with the Sun. Instead, a large number of visibilit y
measurements must be made instantaneously, requir-
ing a large number of antennas. For an array of N
antennas, there are N (N � 1)=2 antenna pairs. The
image quality desired for FASR will require � 100 an-
tennas, giving � 5000instantaneousvisibilit y measure-
ments. This \snapshot" imaging approach is used su-
perbly by Japan's NoRH at two frequencies,but FASR
will achieve it at hundreds of frequencies.

We present the basicFASR instrument designin x2.
In x3 we present somehighlights of the broad science
to be addressedby FASR. We conclude in x4 with a
discussionof the current status and plansfor the future.

I I. BASIC DESIGN OF FASR

The FASR instrument speci�cations weredeveloped
at several meetings involving the international solar
and radio physics communities encompassingat least
8 yearsof study. With funding from the U.S. National
ScienceFoundation and NASA, we convenedthe FASR
ScienceDe�nition Workshopat the National Radio As-
tronomy Observatory (NRA O) in Green Bank, WV, in
May 2002,followedby a smaller FASR Technical Work-
shop held at the NRAO in Charlottesville, VA, in Au-
gust 2002. Consideration of key sciencegoals and the
relevant radio emissionmechanismsyielded the instru-
ment requirements summarized in Table 1.

The speci�cations arebrokeninto di�eren t frequency
ranges becauseit is not possible to cover the entire,
almost three decadesin frequency with a single an-
tenna system. Currently we envision three separate
antenna systems,comprising 2-m antennas at the high
frequencyend, 6-m antennas in the intermediate range
from 0.25-3 GHz, and an array of log-periodic dipoles
(LFA) at the low-frequency end. The selection of an-
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Table 1. FASR Instrumen t Speci�cations
Angular resolution 20/ � GHz arcsec
Frequencyrange � 0.1-24GHz
Frequencyresolution < 3 GHz: 0.1%

> 3 GHz: 1%
Time resolution < 3 GHz: 10 ms

> 3 GHz: 100 ms
Polarization StokesI & V
Number antennas 2-24 GHz: 100

0.25-3GHz: 60
< 0:3 GHz: 40

Sizeantennas 2-24 GHz: 2 m
0.25-3GHz: 6 m
< 0:3 GHz: LFA

Maximum antenna spacing 6 km
Absolute positions 1 arcsec
Absolute 
ux calibration < 5%
� TB (snapshot) 1000K

tenna sizesis based on the desire to cover the entire
Sun at as high a frequency as possible (to � 18 GHz
with a 2 m antenna), together with the growing ine�-
ciencyof dishesat low frequencies,which ceaseto work
e�ectiv ely at diameters D=� � 5.

The angular resolution of the array will be deter-
mined by the maximum projected spacingof antennas,
which is of order 6 km in order to maintain the required
100resolution at 20 GHz over � 3 h. The spatial resolu-
tion scaleslinearly with frequency, sothat it is 200at 10
GHz, 400at 5 GHz, and 2000at 1 GHz. Theseresolution
limits are a good match to the natural and unavoidable
scattering of radio emissionin the coronal plasma (see
Bastian 1994). A possiblearray con�guration is shown
in Figure 1.

Fig. 1.| Artists conception of the FASR array of 2-m and
6-m antennas, in a spiral con�guration, as they may appear
at a site near the VLA in New Mexico. The LFA elements
are not shown.

The array con�guration shown in Figure 1 is a log-
spiral con�guration that hasself-similar scaling,sothat
the range of spatial scalesis identical for di�eren t sub-
setsof antennas at di�eren t frequencies(Sault & Con-
way 1999; Bastian et al. 1998). However, the snap-
shot coverageusing all antennas is not necessarilyop-
timum. There are algorithms now available that can
determine a nearly optimum con�guration (minimizing
sidelobesor optimizing the corresponding u; v distribu-
tion) by randomly shifting antennas from their initial
locations until the desired constraint is reached (e.g.
Boone 2001). More con�guration studies are needed.
However, FASR's imaging properties are excellent even
with the self-similar array con�guration. Figure 2, from
Bastian (2003b), shows the snapshotimaging �delit y of
a 102 element, three-armed, log-spiral array.

The frequency and time resolution speci�cations
listed in Table 1 are basedon observed characteristics
of solar phenomenain the di�eren t frequency ranges,
which vary considerably acrossthe broad radio spec-
trum. At frequencies> 3 GHz, both thermal and non-
thermal incoherent mechanismsdominate, but moder-
ate 1% spectral resolution is still required to resolve the
abrupt brightness changesdue to gyroresonance. At
lower frequencies, coherent emission mechanisms be-
comeimportant, which requiressomewhathigher tem-
poral and spectral resolution.

FASR must make accuratemeasurements of at least
the StokesI and V polarization parameters. The Stokes
Q and U parametersarenot relevant, in most cases,be-
causestrong di�eren tial Faraday rotation in the solar
corona washesout any intrinsically linearly polarized
radiation, but the instrument will be able to measure
them, and we plan to retain the option of recording
them on an occasionalbasis for certain exploratory in-
vestigations.

FASR will be calibrated against cosmic standards
with secondarycalibration against geostationary satel-
lites at selectedfrequencies. We expect to be able to
make snapshotmaps with an rms brightnessof 1000K
or less. A modest amount of frequency synthesis will
be possibleand desirable for many typesof programs.
Thesewill yield signi�can tly lower rms brightnessvari-
ations.

I I I. FASR SCIENCE GO ALS

The radio emissionat di�eren t frequenciesbroadly
corresponds to di�eren t heights in the solar atmo-
sphere, so that the nearly three decadesin frequency
correspond to a height rangefrom the chromosphereto
about 1 solar radius above the surface. This gives a
kind of CAT-scan quality to the FASR dataset, which
can be exploited to study the wide variety of structures
and phenomenathat occur in this height range. The
sensitivity of the radio emission mechanisms to both
thermal and nonthermal emission,wave-particle inter-
actions, and plasmaparameterssuch asmagnetic �eld,
temperature and density give FASR unique diagnostic
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Fig. 2.| Simulation of the imaging properties of a log-spiral array. a) model image from TRA CE, 6 Nov 1999; b) snapshot
image made at 5 GHz; c) snapshot image made by samearray at 22 GHz. The instrument response function has not been
deconvolved from the snapshot maps. From Bastian (2003b)

tools to addressa large number of outstanding prob-
lems in solar physics. The highlights are:

� the nature and evolution of coronalmagnetic �elds

� the physics of 
ares

� drivers of spaceweather

� the quiet Sun

Thesewill be discussedin more detail in this section.

(a) Coronal Magnetic Fields

The magnetic �elds of the solar atmosphereare the
keyplayer in all of solaractivit y, yet they remain largely
inaccessibleto direct measurement. Although radio
emissionhas long had the potential to make measure-
ments of the coronal �eld, the required combination of
spatial and spectral resolution hasbeenlacking. FASR
is specially designedto exploit the diagnostic potential
of radio emissionby focusing on high-quality spectro-
scopic imaging.

As a result, true coronal magnetograms will be a
standard data product of the instrument. The obser-
vational and theoretical underpinnings of the technique
have beenreported in many papers, e.g. Gary & Hur-
ford (1994), Lee et al. (1998), Brosius et al. (2002),
White & Kundu (1998). To illustrate the power of
FASR to produce such magnetograms, we have done
simulations of a complex active region model, provided
by Y. Mok, asdescribed in Mok et al. (2003). We have
calculated the radio emissionproducedby both the gy-
roresonanceand free-freemechanisms at 100 frequen-
cies from 1-24 GHz, and then analyzed the resulting
imagesto deducethe magnetic �eld strength. The de-
ducedmagnetic �eld parameterscan then be compared
directly with the model �eld to assessthe precision of
the measurements.

The upper two panels of Figure 3 show the mag-
netic �eld and the temperature at coronal heights for
the model. The lower two panels show the simulated

imagesat two frequencies,after passingthrough the in-
strumental sampling function basedon a log-spiral an-
tenna con�guration. The brightnessdistribution is due
to the combination of coronal temperature and opacity
variations, both of which are quite complicated for this
complex model. Interpreting imagesat a few widely-
spacedfrequenciesis impossibledue to this complexity,
but when imagesat 100 frequenciesare available, the
spatially resolvedspectra at each point in the mapscan
be interpreted preciselyand uniquely.

Example spectra for two lines of sight are shown in
Figure 4 for the two circular polarizations (solid line
is RCP, and dashed line is LCP). The abrupt drop
in brightness in both modes of polarization is due to
the temperature transition from coronal temperatures
to chromospheric temperatures, and the frequency at
which the drop occurs is directly proportional to the
magnetic �eld through the gyroresonanceequation

f = sf B =
seB

2� mc
= 2:8 � 106sB (1)

where f B is the gyrofrequency and s is the relevant
harmonic for the emission,which is an integer value to
be determined. For conditions of the solar corona, the
relevant harmonic is typically s = 2 or s = 3, although
the examplesin Fig. 4 are chie
y s = 1 and s = 2. The
method allows the direct determination of the magnetic
�eld strength and the polarit y (from the dominanceof
one circular polarization over the other), but not the
vector �eld. Such spectra as in Figure 4 are available
at every resolution element in the maps, so that the
magnetic �eld can be uniquely determined everywhere
in the active region.

Figure 5 shows a comparison of the deducedmag-
netic �elds with the actual �elds in the model, at a
height of about 500 km. The comparisonshows excel-
lent quantitativ eagreement, and demonstratesthat the
method works as expected, even for a complex active
region. We are working on a more sophisticated algo-
rithm for �tting the spectra, to avoid the gaps shown
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Fig. 3.| (a) Longitudinal �eld strength in the model, at a height of 1000 km, overlaid with �eld lines calculated from the
model. The longitudinal �eld ranges from -1482 G (black) to 1102 G (white). (b) Electron temperature at the sameheight,
again overlaid with �eld lines. The temperature at this height ranges from 21000 K (black) to 2.17 MK (white). (c) The
calculated radio emission at a frequency of 2.32 GHz. (d) The calculated radio emission at a frequency of 5.06 GHz.

in Fig. 5.
We mention in passingthat the spectra in Figure 4

show not only the magnetic signature due to gyroreso-
nance emission,but also polarization due to magnetic
�elds in the free-free emission component, which can
be seenat frequencies> 3f B . Model calculations show
that it is possibleto exploit this dependenceaswell, to
obtain longitudinal magnetic �eld measurements in the
quiet Sun using the inversion techniques of Grebinskij
et al. (2000). This is an observational challenge for
FASR, and the implications for FASR design are now
being studied.

(b) The Ph ysics of Flares

FASR will be designedto obtain well-calibrated data
on the short time scalesand the vast brightnessrange
encompassedby solar 
ares. The broad frequencycov-
erage will allow us to gain fundamental new insights
into 
are buildup, initial energyrelease,and subsequent
transport and thermalization of electronsacceleratedin


ares. The simultaneous coverageof CMEs (seenext
section) and 
are processesshould allow us to better
understand the connection betweenthesetwo complex
phenomena.

Although we can identify tracers of energyreleasein
the solar coronawith spectrographs(seeBastian, Benz,
& Gary 1998 for a review), the relevant range of fre-
quencies (the decimetric range, especially � 400-1000
MHz) has never been explored with high-resolution
imaging observations. This frequency range corre-
sponds to densitiesof 2-8 � 109 cm� 3, densitieswhere
energy releasein 
ares is thought to occur. As illus-
trated in Figure 6, from Aschwanden & Benz (1997),
decimetric type I I I bursts (I I Idm), dueto plasmaradia-
tion excited by electronbeams,are seento start around
500 MHz and drift to both higher and lower frequen-
cies, indicating both upward and downward propagat-
ing beams. Many such bursts are typically released
during the courseof the impulsive phaseof a 
are and
are believed to be intimately related to energy release
in 
ares via magnetic reconnection. FASR will image
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Fig. 4.| The right-hand circular polarization (RCP, solid curve) and left-hand circular polarization (LCP, dashed curve)
radio emissionspectra at two lines of sight in the active region, as calculated at 100 frequenciesfrom 1-24 GHz, after folding
through the instrumental response. The electron temperature of the corona can be read directly from the spectra at low
frequencies, where the emission is optically thick. The frequency at which abrupt drops in brightness occur are identi�ed
with di�eren t harmonics of the gyrofrequency (vertical lines), allowing the magnetic �eld strength to be unambiguously
determined.

thesebursts for the �rst time, and the changeof source
location with frequency will pinpoint the location of
the reconnection as well as the tra jectory of the �eld
lines above and below the reconnectionpoint.

Fig. 6 alsoshows the schematic relationships among
the di�eren t structural components of a 
are, e.g. the
soft X-ray loops, the hard X-rays and H-alpha ribb ons
at footpoints, and the microwave emitting loops,which
are typically sitesof enhancedtrapping of electrons. In-
coherent gyrosynchrotron radiation from a nonthermal
population of such energeticelectronsis responsiblefor
the bulk of the radio emissionin 
ares. The spectrum
and polarization of the radiation is sensitive to the de-
tails of the electron distribution function, including the
spectral index of the power-law tail, the presenceof a
high-energycuto�, and the degreeof anisotropy. Imag-
ing spectroscopy of the 
aring sourcecan therefore be
used to infer the electron distribution function as a
function of time and spacein the 
are source,o�ering

new insights into electron acceleration and transport
processes. For example, it should be possible to es-
tablish the relationship between directly precipitating
electronsseenin hard X-rays and trapp ed electrons in
the coronal volume. FASR data should spur sophisti-
cated theoretical and modeling studiesconcerningelec-
tron scattering, whether dominated by Coulomb col-
lisions or wave-particle interactions. In addition, the
microwave spectrum depends sensitively on the local
vector magnetic �eld and the ambient plasma density.
Thus, the magnetic �eld strength and direction will be
two parameters that will be highly constrained as a
function of position in the 
aring loops, along with the
ambient plasma density.

One of the outstanding and unique capabilities of
FASR will be to provide an integrated picture of the so-
lar atmosphereat both high and low energyduring so-
lar 
ares, from the mid-chromosphereto a solar radius
or more above the surface. This will give a system-wide
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Fig. 5.| A demonstration of one method of determining magnetic �eld strength from radio spectra such as in Fig. 4. (a)
The total magnetic �eld strength from the model, at a height of about 500 km, for comparison. (b) A magnetic �eld map
deduced from the \p erfect" radio spectra calculated from the model, before folding it through the instrument response. A
simple automatic procedure was used to �nd the sharp brightness drops in the spectra, as illustrated in Fig. 4, at every
point in the maps. The points of obviously weaker B (gray contour-lik e patterns) are points where the relevant harmonic
in equation (1) was assumedto be s = 3, but is really s = 2. Such errors are obvious and can be corrected with a slightly
more complex procedure. The black pixels are points where the algorithm failed. (c) A magnetic �eld map deducedfrom the
radio maps after folding through the instrument response. Where the simple algorithm works, the results are excellent, as
shown in the comparison in panel d, except for correctable errors in harmonic number. (d) A pro�le of B acrossthe center
of the maps, for quantitativ e comparison. The solid curve is the model B , while the crossesare the corresponding �ts from
c. The gray crossesare points of error in harmonic number, which after correction by a factor 1.5 becomethe asterisks.

view of energy release,electron acceleration, electron
transport, plasma heating, and associated phenom-
ena. Coupled with observations from other ground-
and space-basedsolar instruments, FASR will help to
revolutionize our understanding of 
are energyrelease.

(c) Driv ers of Space W eather

FASR will addressthe solar origins of spaceweather,
through its panoramic view of the solar atmosphere
over the relevant height range. This includes imag-
ing both thermal and nonthermal emissionsfrom Coro-
nal Mass Ejections (CMEs), tracking the tra jectories
of electron beams (t ype I I I radio bursts), imaging of
shock waves(t ype I I radio bursts), and context imag-
ing of other associated emissionssuch astype IV storm
emission. In addition, FASR may play a signi�can t pro-
grammatic role in forecastingand \no wcasting" events,
and in providing near real-time data products of inter-
est to the spaceweather communit y.

Bastian and Gary (1997) examined the expected
thermal emissionfrom CMEs due to thermal free-free
emission,and concluded that the decimetric range be-
low � 900 MHz might be the best in terms of con-
trast of the CME against other coronal and burst emis-
sions. The density enhancement of the CME itself is
expectedto provide su�cien t optical depth to make the
CME visible against the disk. Spectral measurements
of such radiation can provide density and temperature
diagnosticswithin the CME. Observations of the ther-
mal signature of CMEs from existing instruments are
rare (Gopalswamy & Kundu 1992; Kathira van et al.
2002) due to limited dynamic range and the fact that
the observing frequency is not optimum. FASR will
makehigh dynamic rangeimagesin the appropriate fre-
quency range, with reasonablespatial resolution of or-
der 30". In addition to the thermal emission,recent ob-
servations from the Nancay Radioheliograph (Bastian
et al. 2001)havesucceededin directly imaging nonther-
mal gyrosynchrotron emissionfrom CMEs at multiple
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Fig. 6.| A schematic representation of a typical 
aring
loop geometry (left panel), and the corresponding dynamic
spectrograph features (righ t panel) that may result. The
frequency around 500 MHz corresponds to the height range
in the corona where the reconnection and acceleration often
occur. Figure from Aschwanden & Benz (1997).

frequencies.Figure 7 (left panel) shows the expanding
CME loopsat 164MHz (emissionfrom the background
Sunhasbeensubtracted). The right panelshowsmodel
�ts to multi-p oint spectra at several lines of sight along
the loop, at the points indicated in the left panel. Such
nonthermal gyrosynchrotron radiation gives quantita-
tiv e diagnosticsof magnetic �eld strength. In this case
the changing spectrum with position along the loop is
modi�ed by Razin-Tsytovich suppression,which gives
a constraint on the ratio of density to magnetic �eld
strength. Modeling allows both parameters to be es-
timated. The �eld strength in this caseranged from
1.47 G (position 1 in Figure 7) to 0.33 G (position 4),
as described by Bastian et al. (2001).

Other signatures of eruptive phenomena,including
CMEs, are also accessibleby FASR observations. For
example, White (priv. comm.. 2002) has an image
sequenceshowing the radio analog to \EIT waves" ob-
served at 17 GHz with the Nobeyama Radioheliograph.
FASR's frequencycoveragewill provide brightnesstem-
perature spectra of such features, from which densities
and temperatures can be deduced. Such observations
o�er the meansof probing the birth and accelerationof
erupting �lamen ts, CMEs and wave disturbancesboth
on the disk and o� the limb.

FASR will alsobe an extremely powerful instrument
for relating type I I radio bursts to other associated ac-
tivit y such as 
ares and CMEs. At present it is con-
troversial whether metric type I I bursts are the same
as their interplanetary counterparts (Cane & Reames
1988). Gary et al. (1984) showed from spatially re-
solved radio observations that the type I I burst had
to be embeddedwithin CME loops, sincethe requisite
densitiesexisted only there. The mechanism by which
shocks accelerateelectrons,and the conditions required
for them to do so, is still largely unknown due in part
to the scant observational data with spatial resolution.
FASR will provide excellent, high-dynamic rangeimag-

ing, but most importantly it will do soover a wide range
of closelyspacedfrequencies.Sinceany onepart of the
shock only emits over a limited range of frequencies,
this spectral coverageis neededto determine the over-
all sizeand shape of the emitting source. Trajectories
of type I I I-lik e SA events (Cane & Stone1984)stream-
ing away from the shock will help de�ne the magnetic
topology of the part of the shock most e�cien t at ac-
celerating electrons. Such observations will provide a
much neededobservational basis for understanding so-
lar energeticparticle (SEP) events.

(d) Quiet Sun

The temperature, density and magnetic �eld struc-
ture of the quiet Sun, both at the chromospheric and
coronal levels, remains a mystery despite decadesof
study. The magnetic �elds are observed to be concen-
trated into the network structure due to supergranu-
lar 
uid motions, but questions remain about the na-
ture of interactions among these magnetic �eld ele-
ments, how the �eld expands into the corona (mag-
netic canopy), and what the implications of the mag-
netic structure and dynamics are for the temperature
and density structure of the chromosphereand corona.
High-resolution radio imagesof the network (Gary &
Zirin 1988; Gary, Zirin & Wang 1990; Bastian, Dulk
& Leblanc 1996) reveal that the contrast betweennet-
work and intranetwork regions is many thousands of
kelvin, with interesting structural changes with fre-
quency. FASR will provide high-resolution images at
many frequenciesthat will give a CAT-scan-like sensi-
tivit y to the atmosphericstructure in exactly the height
range in the upper chromospherewhere the interesting
structural changesare expected. From other radio ob-
servations we already have hints of interesting di�er-
encesin coronal holes and ordinary quiet Sun in this
height range. For instance, at 17 GHz polar holes are
brighter than the mean quiet Sun (Nindos et al. 1999;
Shibasaki 1998), while at frequenciesnear 5 GHz and
below they appear dark, as in soft X-rays. This in-
dicates a perhapssigni�can t di�erence in temperature
and density structure in holesascomparedto ordinary
quiet Sun, but only with the continuousspectrum that
FASR will provide can we expect to invert the data to
deducethe atmospheric structure. Such measurements
might o�er a clue to accelerationof the high speedsolar
wind from coronal holes.

Numerous radio observations also show that the
chromospheric network structure is highly dynamic.
Gary & Zirin (1988) discussedsigni�can t changes in
structure on the timescaleof hours, while Krucker et al.
(1997)show numeroussmall scalebrighteningson much
shorter timescales. The models of Carlsson & Stein
(1995) suggestthat the entire chromosphericstructure
is so dominated by dynamical changes that an aver-
agestructure ceasesto have meaning. FASR will have
the capability to image the quiet Sun, but such imag-
ing over the entire disk is a great challengedue to the
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Fig. 7.| Example of a radio CME imaged by the Nancay Radioheliograph at a frequency of 164 MHz. (a) The expanding
CME loops, after subtraction of the background Sun. (b) Model �ts to multi-frequency spectra taken at the lines of sight
indicated in a. Figure adapted from Bastian (2003b).

great number of sourcesto be imaged. FASR's snap-
shot coverageshould permit the brighter featuresof the
network to be imaged on short timescales,but it may
require signi�can t temporal and frequency-synthesisin-
tegration to get down to weaker sources.Detailed mod-
eling will be done to investigate these questions, but
FASR is sure to provide many new insights due to the
sensitivity of radio emission to temperature, density,
and magnetic �eld in just the height range of greatest
interest.

IV. FASR STATUS AND FUTURE PLANS

The FrequencyAgile Solar Radiotelescope has been
reviewed and recommendedfor development and fund-
ing by three National Research Council (NRC) commit-
tees: the 1998Parker Committee on GroundbasedSo-
lar Physics,the 2000Astronomy and AstrophysicsSur-
vey Committee, and the 2002Solar and SpacePhysics
Survey Committee. The latter decadal survey ranked
FASR number 1 in the \small" (> $150 M) category.
A designstudy and implementation plan is now being
readied through a small grant from the Advanced In-
strumentation and Technology (ATI) program at the
U.S. National ScienceFoundation. The goal of this
study is to have a well-costed design of a system that
will work, of su�cien t detail that a follow-on proposal
canbesubmitted. Additional funding is expectedstart-
ing in 2004,leading to the beginning of construction by
2005or 2006, for completion by 2009.

We have developed an international collaboration
with A. Kerdraon and M. Pick, at Obs. Paris, and
other European groups in Switzerland and Germany
have expressedinterest. The main FASR web page is
at http://www.o vsa.njit.edu/fasr/.
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