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FIGURE 1. View of theLow Frequeng Spectrometefright) and
thel3.7m antennat GreenBank, WV. Upgradewill adda 300—
850 MHz feedandan 80-350MHz log-periodicantennaon the
13.7m antenndeedingdual polarizationgdo a Callisto spectrom-
etersuppliedby ETH/ZUrich, andlater replacethe Ericksonan-
tennawith a setof four dipoles.

GBSRBS

It Is a long—standingembarrassmenthat dy-
namic spectraof solarradio burstshave not been
publicly availablein western—hemisphetanesfor
the study of solarphenomena.Ground-baset)S
solarobsenrershave notbeenableto compargheir
datadirectly with obserationsof Type ll, Ill and
IV radio bursts. To remedythis situation,funding
has beenreceved from NSF's AtmosphericSci-
encesdivision to establisha radio spectrometer
calledthe GreenBankSolarRadioBurst Spectom-
eter(GBSRBS)in theradio—quiezoneatNRAQO's
GreenBanksite. This fundingis beingusedto de-
velopinstrumentdo producenigh—qualitydynamic
spectradrom 10—-850MHz thatwill befreely avall-
able,includingreal-timedisplays.
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FIGURE 2. Exampleof araw spectrum(left), the derved back-
groundlevel (middle)andthesubtractedgpectrunfor aquiethour
of data.Presentlywe do not omit any channeldrom thespectra.

Initial developmentuseda dipole antennapro-
videdby NRL togethemwith anactve balunpream-
pli er , HP spectrumanalyzey andassociateoft-
ware to produce dynamic spectrain the range
18—-70MHz that are demonstratedn this poster
This setupis very similar to Bill Ericksons BIRS
systemin Australia, but usesan efcient low—
pover ampli er designedat NRAO's CDL. Fu-
ture technicalimprovementsare describedin the
poster by Bradley et al. The presentcon g-
uration operatesfrom approximately1100-0000
UT eachday The frequeny bandfrom 18-70

MHz Is swept once per second, linearly sam-
pling 1700 frequeny channels. Data from Jan-
uary18,2004,onwardsareavailableatthewebsite
http://lwww.nrao.edu/astrores/gbsrbs
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FIGURE 3. Thisis aclassic are eventwith fast—frequeng-drift

Typelll burstsoccurringduringtheriseof thesoft X—ray emission
(the GOESlight curwe, 0.5-4A soft X—rays)anda slower—drift

Type ll burstshawving split bandsof emissionduring the decline
of the soft X—rays. The Typelll burstsareattributedto beamsof

ke\-enegy electrondravelling outwardsthroughthesolarcorona
on open eld lines, exciting electrostatid_angmuirwavesat the
plasmafrequeny that are corvertedinto fundamentaland har

monic electromagnetievaves. Type |l burststravel at speedof

orderl000km/s,i.e.,in excessof the Alfvén speedn the corona,
andareattributedto shocks:whethertheseshocksaredriven by

coronalmassejectionds still amajor SpacéMeathernssue.
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FIGURE 4: Short—vave fadeoutfollowed by a Type |l burst. In

this gure the galacticbhackgroundemission(therise at low fre-

guencieshasnot beensubtractedandduringthe are (indicated
by the GOESsoft X—ray light curve) it is seento disappearSolar
ares producehigh levels of EUV and X—ray emissionthat can
signi cantly alterthe Earth's ionosphere.The threemain layers
In the ionospherarethe D layer at about90 km, the E layer at
110km andtheF layerabore 200km. Solar are X—raysproduce
enhancedbnizationandthusabsorptionn theD layerthataffects
bothterrestrialHF communicationgswell ascosmicsignals.
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The Green Bank site I1s a big adwantagefor
GBSRBS,as illlustrated in Fig. 2. It Is a very
radio—quietervironment, and the small number
of narrav—bandinterfering signalsare not much
above the cosmicbackground.n additionto these

features,there Is also occasionalbroadbandin-
terferenceapparentlyassociatedavith high—woltage
powerlines,andin summeiothlightningandspo-
radic E—layereffects(Fig. 7) areprominent.
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FIGURE 5. This eventshows a short—wave fadeoutfollowed by
a large complex Type |l event (both fundamentaland harmonic
bandsarevisible) andthenTypelV emissionthebroadbanaon-
tinuumafter18:10UT. TheTypelV emissions apparenthydueto
long—lived enepgetic electronsacceleratedby the are andresid-
INg In thecoronafor sometime afterwards.
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FIGURE 6. The Suncanproduceradio emissionevenwhenno
ares areoccurringin the lower atmosphereThis is anexample
of “storm continuum”associateavith alarge are—productve ac-
tive region, but the continuumlastedfor a weekandwasnot due
to ares, insteadindicatingthe presencef a steadyacceleration
region somavherehighin the corona.Such“storms” cantake the
form shown, or canconsistof mary fast—driftTypelll bursts.
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Observing at Low Frequencies

Anyone who hastried to calibrate low—frequ-
eng/ datafromtheVLA or GMRT knowsthatif the
Sunis anywherewithin several beamwidthsaandis
actve thenit causesnajorproblemsfor dataanal-
ysis. The quiet Sunis not particularly strongbe-
low 100 MHz, but actvity makesit a very bright
andrapidly varying source. Figures3—8 illustrate
someof the phenomenatlow frequencieshatso-
lar astronomerstudyfor their physicalrelevance,

but thatsiderealobsenrersareunlikely to appreci-
ateasmuch. All gures are GBSRBSdata,gener

ally processedo remove narrav interferencefea-
turesandthe galacticbackgroundat low frequen-
cies. For comparisonsolarsoft X—ray light curves
from the GOESsatellitesareshavn.
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FIGURE 7. Thisis anexampleof theeffectsof “sporadicE—layer
lonization”. Sporadic—Hs astill poorly understoogphenomenon,
but it iIs known to be prevalentover WestVirginia duringsummer
months.We seeit asanenhancemerand modulationof the 54—
58 MHz carrierfrom a TV stationin Pittslurgh (54—-60MHz is
thebandfor channel; we alsoseechannelB at 60—-66MHz).
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Mostsolarradioemissiorbelony 100MHz is due
to plasmaemissionatthefundamentabr harmonic
of the electronplasmafrequeng, f, = 9000 n,
Hz, andthereforea givenfrequeng correspond$o
a certaindensityanda correspondindneight. The
frequeny range/0to 18 MHz correspondsoughly
to aheightrangefrom 1.5to 3R , well above the
heightrangewhereotherformsof are enepgy re-
leasearedetectedn X—raysor microvaves.
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FIGURE 8. Anotherionospherideaturethancanbe seenwhen
thereis strongsolar continuumpresentare fringes, particularly
nearsunriseandsunset.Theseareattributedto focussingoy trav-
elling disturbances the E layer.

Reseath supportedby the National Science~oundation. NRAO
Is operatedfor the NSFby AssociatedJniversities,Inc., undera
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