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dastellteinWort zur rechtenZeit sich ein.
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The investigationof spatially-resolved solarplasmafeatuesin termsof radianetric
measurerants requres conceps different from thoseuseful for full-Sun obserations.
After a definition of the relevant physical quartities, formulaearederived for studiesof
optically-thick andoptically-thin plasmasbsered with both spectralandspatialresolu-
tion. Simpleexanmplesof their applicatiosto the determirmation of electrondensitiesand
electrortemperattesaswell asto studiesof emissiormeasursandelementahbundances
arediscussed.

3.1 Intr oduction

The Sun,avery closemain-seqencestarof spectraklassG2 V, allows usto studyits
atmosplerein greatdetail, and,in particular perfom spatially-esoled obsenrations. In
thesestudiesnotonly the morplologyis of importarce, but alsothe dynamicalprocesses
in the solarplasma.Spectralinformationis requred to disentagle this conplex system.
Moreover, afterthe atomicprocessegeadingto the emissionof radiation have beenun-
derstoodtheobsenred radiationhasto beinterpgretedin termsof thegeneationprocesses.
This callsfor aquartitative investigdion of thesolarradiation emittedby smallstructurs.

Sincethemidde of thelastcentury spaceechndogy hasmadeit possibleto obseve
the Sunin the vacuun-ultraviolet (VUV) radiation, andthusto exploit the rich informa-
tion contairedin the spectralemissionlinesandcortinuain this wavelengthregime. The
radiationis formed at temperattes correspondirg to thoseprevailing in the solar chro-
mosphee, transitionregion andcorora. Early instrumers hadvery limited or no spatial
resolutionat all, and,corsequentlyobtaired Sun-as-a-staobsenations. Assumingspe-
cific distributionsof the radiatingplasmasgventhen sub-esolutioninferercescould be
drawn [cf., Pottasd, 1963. However, someof the evaluation proceluresestablishedat
thattime have never beenthorowghly adjustedso asto take into account the high spatial
andspectrakesolution measuementsavailablenow.

The purpose of this article is to discussthe radiomnetric aspectsof suchan adjust-
mentin line with the standad usageof Sl (The Intermational Systemof Units [BIPM,
1999), which explicitly lists the following quarities with specialnameswhich arerele-
vantin this contet: “power” (“radiant flux”) in unitsof watt (W), “irradiance”in watt per
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squaremetre(W m—2), “radiart intensity”in watt persteradiar(W sr—1), and“radiance”
in watt per squaremetresteradianW m—2sr-1). They will be supplemeted by the cor-
respomling spectrallyresohed quantities, which areusuallygivenpernarometre(nm —1),
althoudn mary solar physicistsstill useper angstom (A‘l) asthe wavelengh interval
(1A =0.1nm).

3.2 Elementary Radiation Theory

For mostsolarapplicatiors, the electronagneticVUV radiationcanbe thowght of as
emittedduring transitionsof electronshetweendifferent enegy levels of atomsor ions.
Thisis thecasethatwill beconsideedhere.Let

Agjj = — (3.1)

betheenegy differencebetweertwo levelsandthustheresultingphotonenegy, whereh

is the Planckcorstantandcy is the speedof light in vacuum thenradiationwith a wave-
lengthof A j; will beemittedduring thetransitionfromtheupperlevel j tothelowerleveli.

For variousreasos (atomicphysics thermal andnonthermalspeed®f the emitters) the
wavelength X, will exhibit a certainspreadarourd its nomiral value, 1 jj, geneating a
spectraprofile of theemissionline, whichwill beassumedhereto beresolhedby a spec-
trometer

3.2.1 Radiation from Optically-thick Plasmas

Theassumptiomf anopticdly-thick plasmas maden thissectionin orderto establish
a radiatirg surface. We will not discussthe radiationtransferprocesseisidea plasma
volume.Onits surface with totalareaSt, we assumen Figure3.1asurfaceelementwith
theareadS andanormd n. We thenspecifya solid angledw by

ldo| = do = dv sinody (3.2)

in adiredion of theco-elevationangle’ andtheazimuttal angley . Thespectratadiarce,
L,, is thendefinedby

dQ = L, (¥, ) cosy dSdw dt di. (3.3)

wheredQ is thedifferential radian enegy emittedfrom dScos?, the projectedareanor-
malto dw, atthe position Py ontheradiar surfaceinto the solidanglede duringthetime
intenal (t, t + dt) andin thewavelendghintenal (A, A + dA).

As indicatal in Equation (3.3), L, is afunctionof A, #, andy (and in geneal, of
Py andt). Sincethe wavelength A, is specifiedthe enegy, dQ, canbe expressedy the
numter of photors, dN,,, accordng to Equation(3.1) as

dQ = =2 dN, (3.4)

If L, andall otherenepgy-relatedquantitieswerethenreckonedin phaon units,one
coulddrop the phota enegy, Aeij, from the equations. Although thesephotan unitsare
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Figure3.1: Geonetricalrelationof thesolid angle dw, to thesurfaceelemenwith anarea
of dS andits normal, n. Theco-elevationis givenby the ande ¥ andthe azimuh by .
Thesurfaceelemenis partof thetotal surfacewith areaSt of aplasmavolume.

quite popularin thesolarphysicsliterature we will notapplythemhere becauseve want
to follow Sl definitionsasmuchaspossible.In any casejt is veryimportar to establish
for aradiomnetric studywhetherit is performedin phaon or enegy units.

By integrating the spectralradianceover all » and® from O to 7 /2, we obtainthe
outwardspectraradiantflux density

271 7w/2
M = / / L, (9, ¥) cosd sinp a9 dy (3.5)
Y=0 9=0

asafunctionof Pg, t, andA.

Theradian flux dersity is sometimegalled“emittance”. It corresponddo theirradi-
anceatthesourcé, i.e.,apower dividedby anarea.

Integration of the spectralradiarte over the projectedsurfaceareaof the soure, S’,
visible from thedirectian (¢, ¥) givesthe spectrakadian intensity

L, v) = / Ly(9, ¥)cos dS = (L (9, v)) S (3.6)

g

which depenson ¢, v, t, andi. The spectralintensitycanbe obtaired by multiplying

the spatially-aeragedspectrakadiarce by the projededarea,S’. Note,in particlar, that
theintensityis relatedto the total projectedareaof a souce, andthusis helpfulin char

acterizinga radiationfield, but is not very usefulin studyirg the structureof anextended
source.For point sour@s(S' = 0), on the otherhand the intensityis the bestchdce as
thequantityradiarce canna be definedfor suchanunghysicalcase.

1n the official Frenchtext of SI: “flux densiy” is named‘flux surfadque” and“irradiancé correspondsto
“édairementénepgétique’ [BIPM, 1998].
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Figure3.2 Observirg geomety (schenatic andnotto scale)shaving the prindples of a
radiane measurerant for an optically-thick plasma(solid lines), anda genealizationto
the optically-thin case(datedlines). Also sketcheds anirradancemeasurerant(dashed
lines). The solid anglesareonly marked by someof the extremeraysto keepthedrawing
simple. Thespectraintensity |, is indicatedin thesolid ande dw (dasheddottedlines).

Both integration of the spectralintensity over the full sphereandintegratin of the
spectraflux densityoverthetotal surfaceareayield the spectraradiant power

&), = /Ix(ﬁ‘, V)do = /M;ds (3.7)
A Sr

Not much more canbe learntfrom this discussionunlessspecificassumptios are
madethatareappopriatefor solarobsenations. As will becomeclearlateron, vely little
lossof geneality, asfar asspatially-esohedobserationsareconcered, will resultfrom
assuminghe following: arectamularcoodinatesystem(x, y, z) with the z coordnate
parallelto the viewing direction theline of sight(LOS), of aninstrument observirg from
a distancey, which is muchlarger thanall otherdimersions. The radiatirg plasmais
containel in the volume Xgypzo. We now definethe area, AS, of a surfaceelementin
accor@ncewith thespatialresolutiondesired Specificallywe write

AS = Ax Ay (3.8)

with incremeits Ax and Ay correspadingto thelinearresolutionelemetts of theinstru-
ment. ASwill thenbe pergendicularto the LOS. Since,in this case,only obserations
neary = Oarerelevart, thedeperenceof theradiarce ontheazimuth v, vanishesand

Li = L0, %) (3.9)

canbe considerd representinghe spectraradiancewithin a smallsolid angle,Aw. This
geomdry is sketchedwith solid linesin Figure3.2, where,in additicn, anapertue of the
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obsening instrumemn—atelescopdollowedby aspectromter—with anarea A, is shavn.
We thenchoasethesizeof asolidangle,Aw, soastofill theapertwe atadistance from
thesource Hence

A
anddefineanothersmallsolid anglecentrel atthe positionof theapertue by
AS AX Ay
AR = =z (3.11)

This equationrelatesthe angdar resolutionof the instrurrentto its spatialresoldion at a
distance (for atechnicalrealizationseeSection3.2.2 belaw).

Theconsegencef assuming_; = L, (¥) insteadf Equation(3.9),i.e., L, isonly
depenlenton ¢, but noton v, aretreatedby Wihelm etal. [1998a]andFontera et al.
[1999] in thecontext of VUV irradiarce measurments.

From Equation(3.3), appliedto Aw and AS, and with Equdions (3.8 to 3.11), it
followsthattheradiantenegy collectedby the spectroneterduring the samplingtime At
andin aspectrakesolution elemem, A, onits effective detectorsectionis

AQ = L} ASAw At Ak = L} AAR At A (3.12)

wherethespectraladiancas appoximatedoy its averayevaluein theresolutionelements
selectedEquatim (3.12 eludicateghetransitionfrom a solid anglecentredat the Sunto
aninstrumemal geoméyry.

There will bea certainrespomsivity, n, of the detectorto radiatian at A, which relates
the enegy, AQ, enterirg the sensitve areaof the instrunent to the number of outpu
counts,AN¢. We definetherespasiity by

nh) = (3.13)

AQ
In realisticcasesthe responaiity is a strongfunction of the wavelengthof the radiatian.
In order to obtainradianetric measuremes, the responsiity hasto be deternined by a
calibrationprocedire, in which the radiantenegy, AQ, mustbe traceale to a primary
radionetric standardcf., e.g, Hollandt et al., 1996 20@]. All the otherquariities in
Equations(3.12and3.13) requre lengthandtime measuremdn, which canbe perormed
with calibratedabomtoryinstrumentation.
This providesthe basisfor a measuremntof the averagespectraradianceof the sur
faceareaAS:
— AN

Lf = ———— 3.14
T AAR At AL (3.14)

Notethattheresultobtaired for L_j depend not only on the plasmacondtions, but also

onthechoiceof A2 (AS), At, andAL. Corversely, we canpredct the outpu courts of
the detectoifor certainobserationalcondtions

_ — AS
AN = nLFAAQ At Ak = nL;Ar—ZAtA/\ (3.15)
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With giveninstrumemal paranetersy, A, A2, At, andAA, thenumkerof courtsis lin-
earlyrelatedto theradiarce. In particdar, it is notdepndenbnthedistanceof theobsev-
ing instrument from thesourceof theradiation If, ontheotherhand theareaof thespatial
resolutionelement,AS, is held constan at differentdistancesy varying A2 accordng
to Equatio (3.11), thenthe numter of courts is proportional to the inversesquareof the
distancer, to the sourcefor constanL .

3.2.2 Conceptual Optical Design

Thedeteminationof thespectraladiarceaccodingto Equatian (3.14) is ratherstraigh-
forwardwith the exception of theexpelimentalrealizationof A$2. In Figure3.3anopticd
designof a mockl instrunentis dravn to demorstrateits essentiafeatures.The surface
elemenwith areaA Sis imagedthroughanopticalsystemwith focallength f onadetec-
tor pixel, P. Theapertue stopof thedesignhasanareaof A. Thefield stopis represented
by thepixd, P, of size Ax’ Ay’. We thenhave from the centralrays(notall areshavn in
thefigure)

AX' Ay

AR = AR = szy (3.16)
defining A$2 by the pixel sizeandthefocal length We alsofind

AX AX

— = 3.17

, : (3.17)
and

A Ay

== (3.18)

With fixed f, Ax’, andAy’, thelinearspatialresoldion elementsAx and Ay, arepropor-
tionalto thedistancer, while, of course A2 is notdepadentonr and,with referenceto
Equatian (3.15), the outpu court numker, AN, is constanfor differentr.

3.2.3 Radiation from Optically-thin Plasmas

Most of the solar upperatmosphee can be assumedo be optically thin for VUV
radiation and,conseqently, thesecondtions have attractedquite someattentionin the
literature.For a discussiorof principes, refererceis madeagan to Figure3.2,especially
to the pottion drawn in dottedlines andthe volume elementAx Ay dz, from which radi-
ationis isotropicdly emitted(seenfrom a greatdistance).lts contiibution to the spectral
radiantpower canbe expresseds

do, = ¢ AX Aydz (3.19)

whereg, is definedasthe spectralradiarn power density?, i.e., aspower divided by vol-
ume. As will beoutlinedin the next section,p, maybedirectly linkedto the geneation

2Compare'with footnote in Sectbn 3.2.1and notethat “power densiy” is “puissarce volumique' [BIPM,
1998].
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Figure3.3: Animagingelementalensin thismodeldesign put aconave mirror for VUV
applicatiors) with focal length f andan apertue stopwith areaA projeds the radiari
surfaceelement,Ax Ay, at a distancer > f on the phdon-sensitre area, Ax’ Ay,
definedby the field stop, P, which usuallyis a detectormixd. The spectraneterpottion
hasbeenomitted.

procesof theradiationthrowgh the “emissionmeasure”andthusits obsevationaldeter
minationis oneof our primeobjedives.

First we calculatethe contrilbution of the volume Ax Ay zg to the spectralirradiarce,
E,, whichis incidentonthesurfaceof a sphee with radiusr > Xoq, Yo, Zo centredaround
thetotal emittingvolume,XopYyozo. We obtainwith Equation (3.11)

(@r) Zo AX Ay _ (pr) 20 A2

AE, = 3.20
- 412 A (3.20)
where
1
(o) = — / @ dz (3.21)
20
2

is theaveragespectrapower dersity alongzop.

By corsideringthe radianceof the surfaceelementAS, we find, with the help of
the definition in Equaion (3.9 andEquaions (3.8 3.10,and3.11), theirradiarce at the
apertue stopof theinstrumen as

— A
AE; = LF Ax AyTw = TFAQ (B.2)
We have usedherethat Aw and A2 areconstanto a very goodapprximation for po-
sitionsof AxAy alongzg « r. We thennotethat AE, is uniform on the surfaceof the
sphereuncerthe corditionsassumedThus
AE, = AEj (3.23)

andhence by comparingEquatiors (3.20and3.22),

(3.24)
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It shouldalsobe notedthat, from summirg Equation(3.22 over X yo andwith Equa-
tion (3.23), it follows

E. = (L) (3.25)

with £ = xg Yo/r? (Figure 5.2, dashedines) andthe averagespectralradiarce (L}) of
thesurfaceareaxgyo.

Theirradiarce, E; , canbeobtainedhroughobsenations eitherby openirg up thean-
gularacceptanceoneof theinstrumen soasto encanpasshe comgete radiantvolume,
or by covering 2 by arasterwith A$2, if tempoel variatins are slow with respectto
the scanduration. The solarirradiarceis oftengivenfor r = 1 AU if usedfor terrestrial
applicatiors 3

By combiring Equatins (3.14 and3.24)thefinal resultof this sectionis

47 AN
() = —— (3.26)

nzo AAR Al At
whichis directly applicabléf zg, thelengthof the LOS in theradiatingplasmavolume, is
smallcomparedto the structuresunde study In this casewe canusethe appraimation

0. ~ (@) 3.27)

Otherwise Equation (3.21) describs thewell-known LOS prodem, and({¢ ;) alongzg is
all thatcanbe deterninedwithout additioral obsenetions or assumptios. It is, however,
evidert thatthe exad orientatio of the plasmabouwndarynearthe surfaceis not of critical
importance,becausef the integration alongthe LOS. This justifies the assumptias of
a surfaceelementAx Ay pergendicuar to the LOS andof L ¥, at leastfor optically-thin
conditins. It might be appropriateto mentionin this contet thatstereoscopieneasure-
ments,.e., obsenationsfrom two or moredifferentdirectiors, would be extremely usefu
in resolvingsucha LOS problam.

3.3 EmissionMeasures

The purposeof obsering the Sunin the VUV is not to study radiationtheory but
to extractinformationon the physical condtions in andthe compsition of the solarat-
mosphee. This requiresaninterpietationof the obsenred radiationin termsof processes
resposiblefor theVUV emission Evenasummanypresetationof theavailableliterature
would be far beyond the scopeof this discussion.The readeris referred to the research
andreview articlesonthistopic[e.g.,Mariska, 198); Raymon andDoyle 1981 ; Mariska,
1992 MasonandMonsigrori Fossi 19%; Dwivedi 19%; Dereetal., 1997 Masonetal.,
1997 Landietal., 1997. Withoutfurther specificrefererceto earlierwork, conceps and
resultsobtainel in thepastwill bere-formulatedherein accordncewith Section3.2 This
will first of all affect, onaformal level, thenomenclature L ; thespectraradiance], the
spectralintensity @, the spectralradiantpower, Mf the outward spectralradian flux
density ¢, the spectralradiart power density and E, the spectralirradian@. However,
it shouldbe notedthat,in mostcasestheradiane wascalledintensityin the past,andit

3In BIPM [1998], the official unit symbolfor the astronomeal unit is (ua).
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is not always clearwhethera chang is merelya formal oneor not. Eventhe quariities
irradianceandradiarce have not alwaysbeenunanbiguausly defined which canleadto
significantconfusion: theirradanceis decreasingvith theinversesquareof theobsering
distancgcf., Equatio (3.25)), whereagheradiancedoesnot depem onthis distance(cf.,
Equation (3.14)).

The quantities (¢, ) andg, in Equations(3.20, 3.4, 3.26 and3.27) containinforma-
tion on the plasmacondtions. All otherquariities are relatedto the instrumentacon-
figuration and/orthe observig geonetry. In orderto formulateideas,andin line with
mary earliertreatmets, we will assuméiereanoptically-thin solarplasmawith a certain
elementabbundanceandionizationstagesaccoding to equilibrium conditionscharacter
ized by an electrontempeature, Te. Furthemore,only discretestatesof atomsandions
excited by electroncollisions from the grourd stateare considerd, restrictingthe fol-
lowing discussiorto certainclasseof emissionlines, but a genealizationto othercases
would, of course,be possiblein the framavork of the conceptsoutlined in Section3.2.
Onceexcited, the atomsandions spontaneoasly emit phaonsasthe main depgulation
process.The probaility for a transitionfrom statej to statei is given by the Einstein
coeficiert, Aj;. Thisprodicesaradiar power density* in thespectraline atxjj of

@(rji) = Asij Ajin; (3.8)

wheren;j is the numker densityof the radiatingatomsor ionsin statej. The quantity
@(xjj) follows from ¢, in Equatio (3.19), if awavelendh range, 1, canbe selectedn
suchaway thatonly the comgete prdiile of the spectraline at 2 j; is includedandif the
backgound b,, is takenout. Hencewe get

Aji+61/2

oOhj) = / (01— by) b (3.29)
Aji—06Ar/2

Equations(3.26and3.27) provide themeanf measurig ¢ 5, underfavourablecorditions
or provide at leastan estimate. The backgound hasto be deternined from the shape
of the spectrumnearthe spectralline. This requiresadeqgate spectralresolutian in the
measurerants.

To maintainthe spectralradiantpower densityin Equdion (3.28), an excitation rate
from thegrourd stateis necessaraccordng to

Ajinj = ng nngj (3.20)

with ng the nuber densityof the particlesin the ground state,ne the electrondensity
and C¢. the collisional excitation rate coeficient. For a Maxwellian electronvelocity
distribution with temperatte, Te, this coeficient is

Cé =y —expl—= 3.3
[¢]] /Te P kTe ( )
40ften called “emissiity” in the solar physicsliterature wherea& in Symbols,Units and Nomenchturein

Physicg(seeDoc. U.I.P. 20,1978)“emissvity” is definedasratio of the emissionof a surfaceto the correspond-
ing black-bodyradiztion.
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where Agg; is the enegy differencebetweerthe statesg and j, andk is the Boltzmann
constant.The numker density ng, canbe expresseddy theionic fraction, ng/nx [Arnaud
andRothefilug, 198; Arnaudand Raymad, 199; Mazzottaet al., 1998]; the elememal
alundanceof X with respecto hydroge, nx / ny; thenunberdensityof hydrogerrelative
to the electrondensity ny /ne; andthe electrondersity, ne, as
Ng Nx NH
ng = Pt e Ne (3.32)

In this concepual presentatin, we will thusassumehatmostof theatomsor ionsare
in theground state,and,in particular n; is small—a condtion which maybe violatedfor
metastabléevels. Theunspecifiedactory in Equdion (3.31) is of noimportancehereand
will notbediscussedry further, but will beassumedo be constantaslong asa specific
spectraline is beingconsicred.FromEquations(3.28and3.30 to 3.32, we find

Nx Ny oNng 1 —Agg;j
Agjj = —n5 = — = @(Ajj 3.3
Y 8” Ny Ne enx \/T_e < kTe (/)( JI) ( )
With thedefinitionof a contribution function
n 1 —Aggi
G(Te) = 2 — ex 9‘) 3%
T = 12 e @3
the Equation(3.33) becoms
nx n
y Asij = 2 n2G(Te) = p(hji) (3.3)
nH ne

The quantityon the right-handside canbe measuredor structueswith small exten-
sionsalongtheLOS, aswe have seenn Section3.2.3andin Equation (3.29. In this case,
someof the coneptsof separatinghe influercesof the abundance the electrondensity
andthetempeaturewill be mentioredbelow, but they arenotthe maintopic of this com-
municatio. For long LOS paths,zg, we canonly measurge; ) andthusobtain{g(iji)).
Therebretheintegral over zg

Ny Ny Aeij

2 _ ..
14 Ne H 2o NeG(Te)dz = (p(Xji)) (3.3%)

20

hasto be consideed, wherethe elemetal alundance,which is of greatimportarce in

solar physics studies,is removed from the integrd in view of the fact that, in general,
the gradents of the abundancevariatinsin the solaratmosjpereare muchsmallerthan
thoseof theelectrondensityandtemperatte. Thetemperatte-depadentfunction G(Te),
whichis stronglypealedfor mostionsat the so-called‘for mationtempergure”, canalso
beremovedfromtheintegrd, if, forinstanceijt canbeassumedthat T hasalsonogradiert
alongzg (which, of cousse,is notgenerallytrue,but seeFeldman etal. [1999] andMason
etal. [2002] for suchcases)Theresultingintegral alongzg

2 2 (p(Aji))Zo Ny Ne 4 L*(Xji) NH Ne
nfdz=n)zp = ——+ — = ——M—— — — 3.37
/ ¢ ne) 20 y Aegij G(Te) nx ny y Agij G(Te) Nx N (3.37)

2
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is called“emissionmeasure”.

Theradiane of thespectraline, L *(1ji), is deterninedfrom thespectraradiarce, L §,
obtainedin Equation (3.14) in analogyto Equdion (3.29 by integratingthe backgourd-
correcte spectraradiarce overtheline width

Aji+dx/2
L*(Aji) = / (L% — By)dx (3.3)

Aji—6/2

Providedthespectraline canbeisolatedfrom otherlines,theline radiarce, L *(1j;), does
not depenl on the spectralresolutionof the measuremntin contrastto L *, but will still
beinfluencedby the spatialandtempoal resolution (seeSection3.2.J).

Otherdefinitiors of theemissiormeasurein particularthe volume emissionrmeasure,
arenotreally relevart in the contect of spatially-resoled obsenrations,but areusefulin
interpreting full-disk irradiarce measurments|[Pottasd), 1963 Athay, 1965]. The dif-
ferentialemissionmeasureshouldonly be mentionel here,but will notbe discussedry
furthe. For moreinformationon this topic see for examge, Mariska[1992].

3.4 Line-ratio Measurements

3.4.1 Density-sensitve Line Ratios

For detailedtreatmats of the theoryof density-sesitive emissionseethe apprgriate
articlescitedbelow. Herewe notethatcollisionally-excitedstatesnayalsobedepgulated
by non+adiative processesn particular if they aremetastablandif theelectrondensity
Ne, is high. Theradian power densityin Equaion (3.28) is thusreducedor emissionines
from suchstatesasa funcion of ne. Theratio

(A1)
@(A2)

of an allowed emissionline at A1 anda line at A» emittedfrom a metastabldevel, for
instance,is consegently changng with ne, and canbe calculatedfrom atomic physics
principles. If theratio canbe measuedin a plasmaof the solaratmosplere,the electron
densitycanthenbe estimated From Equations(3.24or 3.37), we may condude thatthis
canbeaccomtishedby measuringheratio of theline radiances

Ri2 = (3.2)

L*(x1)

R =
RTETGPS)

(3.40)

This methdal is especiallyusefulif both spectralines areemittedby atomicparticlesof
the samespeciesandionization stage,becase abundanceandionizatian variatiors will
thenhave no effect. It hasbeenusedextersively in theliterature[cf., Gabrieland Jordan,
1969 Feldmanetal., 1978 Laminget al., 1997; Dostheket al., 1997 Wlhelm et al.,
1998].

Unde favourabe corditionsthe electrondensitysodetermired canbe compaedwith
themeanrelectrondensityobtainel from theemissiormeasurenalysisn Equation(3.37).
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Any discrepacy pointsto thefactthatthe so-called‘filling factor”is notunity [Feldrman
etal., 1979 Dere etal., 1987, becasetheline-ratiomethodprovidesan estimateof the
electrondensityat the sourceof the radigion, whereaghe emissionmeasurelepermnison
thedistribution of the electronawithin theunresdvedemittingvolume.

3.4.2 Temperature-sensitve Line Ratios

If two excitedstates,j; and j», from which emissionines originate,have very differ-
entenepy levels, their relative collisional excitation becanesa function of the electron
temperatte, Te. As in Section3.4.1, aratio R12 canbe obtainedfrom atomic physics
calculatiors. The measuedratio of theline radiancesn Equatia (3.40) thenprovidesa
handleon the determingion of the electrontempeature. For exanplesseeHeroux et al.
[1972], DosthekandFeldman [1987], andDavid et al. [1998].

3.5 AbundanceMeasurements

If, in Equation(3.3), we considertwo emissionlines at A1 and A, from different
speciesbut with very similar contibutionfunctions,emittedfrom thesamedocationin the
solaratmosphee, andthusat the sameelectrondensity thentheratio of theradian power
densitiesgp (A1) andg(A2), or, from Equation (3.37), the ratio of the correspondiry line
radianes(adjustedor ary variatiors of Asjj andy), canbeusedto obtainthe elemeral
alundanceratio. Thespectralinesof Mg vi andNevI maysene asexampes,aswell as
thoseof Mg viI andNevi1, which have beentreatedoy YoungandMason[1997], Laming
etal. [1999], andDwivedietal. [1999] astypical speciesvith low andhighfirst-ionization
potentials.

3.6 Concluding Remarks

Thespectraradianceandtheradiarce of emissiorlinesin the VUV wavelendh range
aredescribedasthe basicphysical quariities for charaterizingspatially-resolved radiar
sourcessuchasthe Sunor featuresin the solaratmosplere. The relatiorship to other
radionetric quariities, in particdar to radiantpower (flux), emittance power density ir-
radiane, andintensityis discussedn detail, aswell asthe obsenrational determiration
of thesequantitiesin optically-thick or optically-thin plasmaregimes. Somemethals of
interpreting the obsevationsin termsof the plasmacondtions in the sourceregions are
mentioredwith refelenceto a selectionof therelevart literature.
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