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FIGURE 1: View of theLow Frequency Spectrometer(right) and
the13.7m antennaatGreenBank,WV. Upgradeswill adda300–
850 MHz feedandan 80–350MHz log-periodicantennaon the
13.7m antennafeedingdualpolarizationsto aCallistospectrom-
etersuppliedby ETH/Zürich, andlater replacethe Ericksonan-
tennawith a setof four dipoles.

GBSRBS
It is a long–standingembarrassmentthat dy-

namicspectraof solar radio burstshave not been
publicly availablein western–hemispheretimesfor
the studyof solarphenomena.Ground–basedUS
solarobservershavenotbeenableto comparetheir
datadirectly with observationsof Type II, III and
IV radio bursts. To remedythis situation,funding
has beenreceived from NSF's AtmosphericSci-
encesdivision to establisha radio spectrometer,
calledtheGreenBankSolarRadioBurstSpectrom-
eter(GBSRBS), in theradio–quietzoneatNRAO's
GreenBanksite. This fundingis beingusedto de-
velopinstrumentsto producehigh–qualitydynamic
spectrafrom 10–850MHz thatwill befreelyavail-
able,includingreal–timedisplays.
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FIGURE 2: Exampleof a raw spectrum(left), thederived back-
groundlevel (middle)andthesubtractedspectrumfor aquiethour
of data.Presentlywedo not omit any channelsfrom thespectra.

Initial developmentuseda dipole antennapro-
videdby NRL togetherwith anactivebalunpream-
pli�er , HP spectrumanalyzer, andassociatedsoft-
ware to produce dynamic spectra in the range
18–70MHz that are demonstratedin this poster.
This setupis very similar to Bill Erickson's BIRS
system in Australia, but usesan ef�cient low–
power 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 frequency band from 18-70

MHz is swept once per second, linearly sam-
pling 1700 frequency channels. Data from Jan-
uary18,2004,onwardsareavailableat thewebsite
http://www.nrao.edu/astrores/gbsrbs .
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FIGURE 3: This is aclassic�are eventwith fast–frequency–drift
TypeIII burstsoccurringduringtheriseof thesoftX–rayemission
(the GOESlight curve, 0.5–4Å soft X–rays)anda slower–drift
Type II burst showing split bandsof emissionduring thedecline
of thesoft X–rays.TheTypeIII burstsareattributedto beamsof
keV–energyelectronstravelling outwardsthroughthesolarcorona
on open�eld lines, exciting electrostaticLangmuirwavesat the
plasmafrequency that are converted into fundamentaland har-
monic electromagneticwaves. Type II burststravel at speedsof
order1000km/s,i.e., in excessof theAlfvén speedin thecorona,
andareattributedto shocks:whethertheseshocksaredriven by
coronalmassejectionsis still a majorSpaceWeatherissue.
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FIGURE 4: Short–wave fadeoutfollowed by a Type II burst. In
this �gure the galacticbackgroundemission(the rise at low fre-
quencies)hasnot beensubtracted,andduringthe�are (indicated
by theGOESsoft X–ray light curve) it is seento disappear. Solar
�ares producehigh levels of EUV andX–ray emissionthat can
signi�cantly alter the Earth's ionosphere.The threemain layers
in the ionospherearethe D layer at about90 km, the E layer at
110km andtheF layerabove200km. Solar�are X–raysproduce
enhancedionizationandthusabsorptionin theD layerthataffects
bothterrestrialHF communicationsaswell ascosmicsignals.

The Green Bank site is a big advantagefor
GBSRBS,as illustrated in Fig. 2. It is a very
radio–quietenvironment, and the small number
of narrow–bandinterfering signalsare not much
above thecosmicbackground.In additionto these

features,there is also occasionalbroadbandin-
terferenceapparentlyassociatedwith high–voltage
power lines,andin summerbothlightningandspo-
radicE–layereffects(Fig. 7) areprominent.
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FIGURE 5: This eventshows a short–wave fadeoutfollowed by
a large complex Type II event (both fundamentalandharmonic
bandsarevisible)andthenTypeIV emission,thebroadbandcon-
tinuumafter18:10UT. TheTypeIV emissionis apparentlydueto
long–lived energetic electronsacceleratedby the �are andresid-
ing in thecoronafor sometime afterwards.
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FIGURE 6: The Suncanproduceradio emissioneven whenno
�ares areoccurringin the lower atmosphere.This is anexample
of “stormcontinuum”associatedwith a large�are–productiveac-
tive region, but thecontinuumlastedfor a weekandwasnot due
to �ares, insteadindicatingthe presenceof a steadyacceleration
region somewherehigh in thecorona.Such“storms”cantake the
form shown, or canconsistof many fast–driftTypeIII bursts.

Observing at Low Frequencies
Anyone who has tried to calibrate low–frequ-

ency datafrom theVLA or GMRT knowsthatif the
Sunis anywherewithin severalbeamwidthsandis
active thenit causesmajorproblemsfor dataanal-
ysis. The quiet Sun is not particularlystrongbe-
low 100 MHz, but activity makes it a very bright
andrapidly varying source.Figures3–8 illustrate
someof thephenomenaat low frequenciesthatso-
lar astronomersstudyfor their physicalrelevance,

but thatsiderealobserversareunlikely to appreci-
ateasmuch. All �gures areGBSRBSdata,gener-
ally processedto remove narrow interferencefea-
turesandthe galacticbackgroundat low frequen-
cies.For comparison,solarsoft X–ray light curves
from theGOESsatellitesareshown.
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FIGURE 7: This is anexampleof theeffectsof “sporadicE–layer
ionization”. Sporadic–Eis astill poorlyunderstoodphenomenon,
but it is known to beprevalentover WestVirginia duringsummer
months.We seeit asanenhancementandmodulationof the54–
58 MHz carrier from a TV stationin Pittsburgh (54–60MHz is
thebandfor channel2; wealsoseechannel3 at 60–66MHz).

Mostsolarradioemissionbelow 100MHz is due
to plasmaemissionat thefundamentalor harmonic
of the electronplasmafrequency, fp = 9000

p
ne

Hz, andthereforeagivenfrequency correspondsto
a certaindensityanda correspondingheight. The
frequency range70to 18MHz correspondsroughly
to a heightrangefrom 1.5 to 3 R� , well above the
heightrangewhereotherformsof �are energy re-
leasearedetectedin X–raysor microwaves.
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FIGURE 8: Anotherionosphericfeaturethancanbe seenwhen
thereis strongsolar continuumpresentare fringes, particularly
nearsunriseandsunset.Theseareattributedto focussingby trav-
elling disturbancesin theE layer.
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