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Di®eren tial Absorption exp erimen t (D AE)

² Proposedby Gardnerand Pawsey[1953]for the estimationof meso-
sphericandlower thermosphericelectrondensitiesandcollisionfrequen-
ciesusingMF/HF radars.

² Usedextensivelyuntil the late 1970's,wheninterestin the technique
declined,due to experimentallimitationsand questionsregarding the
assumptionsof the technique.

² Belrose[1970]listedthe main limitationsof the technique:(1) insuf-
¯cient transmitterpower, (2) high site noiseand (3) interference,(4)
lackof discriminationbetweenthe O- andX-modesignalcomponents,
and(5) obliquere°ections.

² (1 - 4) overcomeor reducedby recentimprovementsin radar systems,
while(5) canbereducedby usinga largeantennaarray to producesmall
beam-widths.

² TheBucklandPark MF (BPMF) overcomesall abovelimitationsexcept
(4), whichcouldbe implementedwith minor hardware upgrades.

² DAEimplementedinto BPMFradar on-lineanalysisin September1996.

Di®eren tial Absorption exp erimen t (D AE)

² Usestheamplituderatio (Axo) of theextraordinary (E or X) to ordinary
(O) modesignalsreturnedfromthe ionosphericD-region.

² Theamplituderatio at rangeh is assumedto be givenby

Axo(h) = Rxo(h) exp[¡ 2
Z h

0
(kx(h) ¡ ko(h))dh] (1)

whereRxo(h) is the ratio of X- to O-mode re°ectioncoe±cients,and
kx(h) andko(h) aretheabsorptioncoe±cientsfor X- andO-modesignal.

² If Axo is measuredat two rangesh1 andh2 with smallseparation4 h,
suchthat kx andko canbe consideredconstant,(1) may be rewritten
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² Rxoi andko;x calculatedusingSenandWyller[1960]magnetoionicequa-
tions.Requirescollisionandmagnetic̄eld pro¯les,whichcanbeinferred
usingmodelpressure(CIRA)andmagnetic̄ eld pro¯les(IGRF).

² From (1), whendi®erentialabsorption smallAxo(h) ¼ Rxo(h) - allows
determinationof collisionfrequencypro¯le.

² Electrondensity thenestimatedby inverting(2).

² Canalsousephasedi®erences- di®erentialphaseexperiment(DPE).

BPMF DAE

Left: MeanOrdinary (diamonds,dashedline) and Extraordinary (squares,
solidline) mode powersoverlaidupon individual2-minuteestimates(dots)
obtainedaroundnoon,10thSeptember 1996.

Middle: Mean(diamonds,solid line) and individualamplituderatios Axo

(dots)obtainedaroundnoon,10thSeptember 1996.

Right: Correspondingmean(diamonds,solidline) andindividualphasedif-
ferencesÁxo.

² Linear transmissionresultsin leakageof strongerO-modesignalinto de-
composedE-modesignal,limitingdaytimeobservationsto below 80km.

² Lower heightlimit ¼ 60 km.

Collision frequency estimation

² Thecollisionfrequencypro¯le, º (h), for eachmonthobtainedusing[e.g.
Gregory andManson, 1969]

º (h) = 6:4£ 107p s¡ 1: (3)

asper thenavailablelaboratory measurementsof collisionfrequencies.

Left: MeanamplituderatioAxo (solidline)andre°ectioncoe±cientra-
tiosRxo obtainedusingdi®erent® aroundnoon,10thSeptember1996.
Theerror bars on the solidlineare the Axo standard deviations.

Right: The correspondingmeanphasedi®erenceÁxo (solid line) and
re°ectioncoe±cient phasedi®erences.The error bars on the solidline
are the Áxo standard deviations.

² Ideallyshouldseesimultaneousmatchingof Axo-Rxo andÁxo-ÁRxo but
this is rarelythe case.Attributed to phasecalibrationerrors.

Collision frequency estimation

Annualvariationof collisionfrequencyestimatedfor a heightof 70km.
The dashedline is the collisionfrequencycomputedfrom laboratory
cross-sectionsusingpreviousstandard collisionfrequenciesof Gregory
andManson[1969].

The solid line givesthe collisionfrequenciesderivedusingthe latest
laboratory measurementof collisionfrequencyof N2, whichdi®ercon-
siderablythan thoseassumedby Gregory andManson[1969].

The collisionfrequencypro¯le, º (h), yieldingbest ¯t with laboratory
measurementsis

º (h) = 1:21£ 108p s¡ 1: (4)

BPMF DAE Electron densit y estimates

Electrondensitiesobtainedfor theBPMFradar for midday 10thSeptem-
ber 1996(left) andmidnightfor March 1997(right).

The solid line denotesthe electrondensity calculatedusingthe mean
amplituderatio. The dashedline indicatesthe meanaveragedelectron
densitiescalculatedusingtheindividual2-minelectrondensity estimates.
Theerror bars are raisedby 0.25km.

Thedottedlineindicatesthe IRI modelelectrondensities.

Themidnightvaluesarea factor of threesmallerthanthe IRIestimates
- typicallythe case.This is probablydueto the assumedcollisionfre-
quencypro¯le beinginapplicableat the heightswherenighttimeDAE
data canbe acquired.However,as canbe seenin someof the other
plots,nighttimevaluesappear qualitativelysensible.

BPMF DAE Electron densit y estimates

Top: Electrondensitiesobtainedfor the BPMFradar.

Bottom: 1997mid-monthnoonIRIelectrondensitiesfor the locationof
the BPMFradar.

Di®erencesbetweenBPMFandIRI estimatesare assumedto be dueto
e®ectsof dynamics(seebelow). BPMF estimatesessentiallyshow the
behavior basedon solar control.

BPMF DAE - solar activit y

Top: Exampleof solar proton eventupon DAE electrondensity esti-
mates- enhancementoccurredon 4th November 1997.

Bottom: Exampleof M-classsolar °are upon DAE electrondensity es-
timates- enhancementoccurredon 9th November 2000.

BPMF DAE - solar activit y

Regressioncurvesat di®erentaltitudesfor night timedataandfor three
years 1997,1999and2000.The regressioncoe±cientsshow a positive
correlationat all heights,indicatingthe electrondensity increaseswith
sunspot number.

BPMF DAE - solar activit y

Regressioncurvesat di®erentaltitudesfor low solar activity period of
1997. The regressioncoe±cientsshow a negativecorrelationup to 74
km for this period. However,in 2000,the regressioncoe±cientsshow
a positivecorrelation,suggestionthe signof the correlationdependson
sunspot number.

BPMF DAE - win ter anomaly?

Seasonalvariationof electrondensity at BP Adelaide(35±S). Thesum-
mer electrondensitiesare smallerthan thosefor other seasons.This
is known as the "winter anomaly",as reported by variousresearchers.
Seenonlyfor nighttimeBP electrondensities.

BPMF DAE - diurnal asymmetry

Equatorial (§ 5±) HALOENO densities,zonalaverages,all seasonsand
low solar activity (F10:7· 120Jy). Data deducedat sunriseandsunset
(SRandSS,respectively)are indicated[After Friedrichet al., 1998].

BPMF DAE - diurnal asymmetry

Electrondensity with respect to solar zenithangleat 72km for the low
solar activity period of 1997.

UsingGSWMsuggestsasymmetrytoo pronouncedto be solelydueto
tidal temperaturevariations(sunrise/sunsetratios:1.12,Forbes[1981]).

Asymmetrymost likely producedby verticaladvection(sunrise/sunset
ratios:1.8).

BPMF DAE - nigh ttime recom bination

Electrondensity decay in night hours(low solar activity period, 1997),
January to June.

BPMF DAE - nigh ttime recom bination

Recombinationcoe±cientcalculatedusingdecay timeestimatesfor 1997
(low solar activity period).

Thevaluesare anorderof magnitudetoo largeto explainthe observed
nighttimeelectrondensity estimates,and therefore suggestsan alter-
nativesourceof ionization.Modellingsuggestsionizationmay be due
to ultravioletradiationfromthegeocoronaand/or fromextraterrestrial
origins.


