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ABSTRACT
Theeclipsingbinary¯ Lyraehasbeenextensively researchedfor morethantwo centuries.Spectralanalysis

is onemethodthat is usedto gain knowledgeof its uniquestructure.The H® emissionhasbeenassociated
with a bipolar �o w componentin the system. We extractedand analyzedH® dataobtainedat the Ritter
Observatory. The162H® emissionline spectraaredouble-peakedin appearance.We measuretheequivalent
width, characterizetheline widths,andinfer total line �ux es.We �nd thattheline �ux of H® varieslittle with
theorbital periodof 12.9days.
Subjectheadings:Stars:individual (¯ Lyrae,H®) — Stars:binaries:eclipsing

1. INTRODUCTION

Locatedat a distanceof 270 parsecs,̄ Lyrae is the pro-
totypefor a closeeclipsingvariablebinary starsystem.The
¯ Lyraesystemhasevolved nonconservatively during its 32
million year lifetime (DeGreve & Linnell, 1994). The two
starsof this binary are in a circular orbit with a separation
of 55-60R¯ . The orbital periodis approximately12.9days,
but theperiodis slowly increasingat a rateof 19 secondsper
year. The high rate of masstransferbetweenthe two stars
(¼ 10- 5M¯ /year)createsa raregeometryfor thesystem.The
masslosingstar, a B8 giant, �lls its Rochelobeandis expe-
riencingrapidmasstransferto theotherstarvia agasstream.
Thegainerstaris completelyobscuredby ageometricallyand
optically thick circumstellardisk, but it is thoughtto be an
earlymainsequenceB star. Thegasstreaminteractswith the
disk,producingjet-likestructuresthatareperpendicularto the
orbital plane.A circumbinaryenvelopeaddsanotherelement
of complexity to this system. Table1 lists the propertiesof
theindividual starsthatcomprisē Lyrae.

Until recently, the closeproximity of thesetwo stars(less
than the distancebetweenour sun andMercury) prohibited
resolutionof the individual starsand other componentsof
the system.Spectralanalysisandothermethodsareusedto
model ¯ Lyrae. The jet-like structureswere found by Har-
manecet al. (1996)usinginterferometryandby Hoffmanet
al. (1998)usingultraviolet andvisualspectropolarimetry. An
attemptby Linnell et al. (1998) to model ¯ Lyraepredicts
a hot electronscatteringregion above andbelow the disk of
thegainerstar. The jet-like structureis relevant to this study
becausemostof theH® emissionapparentlyoriginatesfrom
thiscomponent(Harmanecetal. 1996).

Thefollowing sectiondescribesthedatathatwereusedfor
thisstudy, thenin §3weanalyzethespectrarelative to phase,
andadiscussionof theresultsis presentedin §4.

2. OBSERVATIONS

Weused169CCDspectraof ¯ Lyraeobtainedat theRitter
Observatory(astro1.panet.utoledo.edu/
» wwwphys/ritter/ritter.html) between1993 and 2000 using
theirechellespectrograph(atRmax = ¸= ¢ ¸ = 60;000)ontheir
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1 m telescope.Datawereobtainedby variousobservers at
theUniversityof Toledoduringthis period,andreduceddata
weremadeavailableto useby Dr K. Bjorkman.Our analysis
is basedon 162spectrathatwereacquiredbetween1996and
2000. Seven spectrawere omitted from this study because
they werenot usedin our analysisfor the following reasons:
two were mispointings,two lacked identifying information,
andthree�les wereunreadable.Table1 shows whentheob-
servationsoccurred.Usually, a singlespectrumwasobtained
eachnight. However, multiple spectra(2-6) wereacquiredin
rapidsuccessionon eightnightsin 1997,twice in 1998,and
oncein 2000.

The data are storedin �ts �les that are stacked in nine
echelleordersbetweenthe 5285- 6595Å wavelengths(see
Figure1). This project involved isolating the H® (6563Å)
line which is locatedin the ninth order. IDL routineswere
usedto extract the H® datafor eachof the 162 spectra(see
Figure2).

3. DATA ANALYSIS

The continuumwas normalizedfor eachspectrum. The
time of eachobservationwasconvertedto heliocentricJulian
date.Thephaseof eachobservationwascalculatedusingthe
quadraticephemerisequationof Harmanec& Scholz(1993):

T = T0 +T1 E +T2 E2 (1)

where T0 =HJD2408247.966is an arbitrary number, T1 =
12:d913780 representsthe binary period at T0, and T2 =
3:87196£ 10- 6 daysrepresentstheperiodchange.

Thecontinuumnormalizeddata�les wereplottedto phase.
Thesequenceof graphsin Figure3 exempli�es how theH®
line pro�le changeswith phase. Theseexamplesshow ap-
proximatelyquarterphaseintervals as the componentstars
completeoneorbit. The �rst graphin the sequencere�ects
the line pro�le at primary eclipsewhenthe gainerstar(em-
beddedin its accretiondisk) occultstheloserstar. As theor-
bit progresses,at quarterphase,bothstarsbecomevisible to
theobserver. Thethird graphshows theline pro�le nearsec-
ondaryeclipsewhentheloserstaroccultsthegainerstarand
its disk. Thefourth graphis representative of the line pro�le
whenthe starshave completedthreefourthsof an orbit and
bothstarsbecomevisible to theobserver.

Theequivalentwidthsof theH® emissionlinesweredeter-
minedusingtheequation:
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TABLE 1
PROPERTIES OF THE COMPONENT STARS

Component Gainer Loser
SpectralType ¼B0 V ¼B6-8 IIp

Radius ¼6R¯ ¼15R̄
Mass ¼13M¯ ¼3M¯

Temperature 32,000K 13,300K

TABLE 2
OBSERVATION DATES

Year Months Numberof Spectra
1996 Aug. 2
1997 Apr.-Nov. 74
1998 Apr.-Oct. 29
1999 June-Sept. 41
2000 Aug.-Sept. 15

TABLE 3
ECHELLE ORDERS

Order WavelengthRange
1 5285-5340�
2 5415-5470�
3 5550-5605�
4 5690-5750�
5 5840-5900�
6 6000-6060�
7 6165-6230�
8 6340-6405�
9 6530-6595�

FIG. 1.— This grayscaleplot shows the nine levels of stacked data. The
H® line is evidentin thetopband.

FIG. 2.— This plot shows oneexamplethe extractedH® line spectrum,
shown in Analog-to-Digitalunits(ADU's).

FIG. 3.— Theseplots show examplesof the H® line pro®le at approxi-
matelyquarterphaseintervalsasthecomponentstarscompleteoneorbit.

EW =
Z 1

- 1

·
F̧

Fc(¸ ±)
- 1

¸
d¸ ; (2)

or

EW =
Fl

Fc
; (3)

whereFl representsthe total line �ux andFc representsthe
continuumlevel of the line at ¸ ± = 6562.81Å. We usedthe
relativelight curveof Harmanecetal. (1996)to determinethe
relativecontinuumlevel (seeAppendixA).

Plotsof theequivalentwidth (toppanel)with phaseandthe
optical light curve (bottompanel)areshown in Figure4. We
�nd the H® equivalent width varieswith phase. It obtains
its largestvalueduringtheprimaryeclipseandalsoincreases
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FIG. 4.— Theplotsof equivalentwidth andtheopticallight curveshow an
inverserelationship.

somewhat during the secondaryeclipse. Comparingthe op-
tical light curve, the H® emissionis seento be cyclical and
is distinctly in�uencedby thetwo eclipses.We concludethat
theequivalentwidth andtheoptical light curve areinversely
related,andthis relationshipis con�rmed in Figure5. This
�gure shows the total H® line emissionderivedby multiply-
ing the equivalentwidth valuesby the relative light curve in
theopticalbandfor thecontinuumlevel from Figure4. Out-
sidetheintrinsic noisein theH® emission,thetotal line �ux
doesnot vary with phase.With sucha lackof variationin the
total line emission,plus the observed variationsin line pro-
�le shape,onewould expectthat the peakof the line pro�le
shouldbeinverselyrelatedto theline width.

We wanted to characterizethe line pro�les in terms of
heightandwidth; however, the shapeof the H® line pro�le
is doublepeaked anddistinctly non-Gaussian.Manualmea-
surementcould not be accomplisheddueto the deepdips in
theline pro�le. To overcomethisproblem,thedata�les were
modi�ed by excludingthedatapointsbetween6557- 6569Å.
Figure6 showshow Gaussian�ts wereobtainedfor thewings
of eachH®spectrum.TheIDL Gaussianprocedurecomputes
the heightof the Gaussian(the peak),the centerwavelength
of the Gaussian,andthe FWHM. (SeeAppendixB for data
obtainedusingthis technique.)

The relative heightof the peakof the line pro�le, shift of
linecenter(¢ ¸ ), andHWHM areplottedagainstphasein Fig-

FIG. 5.— This plot shows that althoughthe shapeof the H® emission
line pro®le undergoesdrasticchangesduring theorbital cycle, the total H®
emissiondoesnotchangewith phase.

FIG. 6.— This plot shows anH® emissionline pro®lewith thedatapoints
between6557-6569� removed. TheIDL Gaussianprocedurewasusedto ®t
thewingsof theH® line pro®le.

ure7. Althougheachof thesecomponentsof the line pro�le
vary with phase,they differ from whatwould beexpectedin
the circular orbit of eclipsingstars. The peakof the emis-
sion line, whenplottedagainstphase(seeFigure7a), shows
a rightward displacementsuggestingit lags behindthe sec-
ondaryeclipseby ¼0.1 orbital period. The HWHM plotted
againstphase(seeFigure7c)exhibitsaleftwarddisplacement
during the secondaryeclipsesuggestingit precedesthe sec-
ondaryeclipseby ¼0.1of theorbital period.

We useda Fourieranalysisto �t the line shift dataset(see
Figure7b). Although onewould expecta zerodopplershift
duringtheeclipse,our �t showsthezerodopplershift at¼0.6
orbital phasesuggestingit lagstheeclipseby ¼0.1of theor-
bital period. We alsonotethat the bulk of the H® emission
is redshifted.This would suggestthateithertheredshiftedjet
is larger than the blueshiftedone,or that ¯ Lyrae's inclina-
tion anglecausesthestarcomponentsto concealmoreof the
bluewardjet'sH® emission.

Figure7 shows otherrelevant comparisonplots. The line
shift is plottedagainst the line peakdatain Figure7d. This
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FIG. 7.— Thepeak,shift, andHWHM areplottedwith phase(a,b,c).Otherrelevantcomparisonplotsareshown (d,e,f)anddiscussedin thetext.

plot shows that when the line pro�le is tall andnarrow, the
H®emissionis nearzeroshift. TheHWHM is plottedagainst
theline shift in Figure7e.Thereis nocorrelationbetweenthe
HWHM andtheshift. Plotting theHWHM againstthepeak
resultsin aninverselinearrelationshipaspredicted(seeFig-
ure7f). Whenthepeakof the line pro�le is tall, thewidth is
narrow. Whenthepeakof the line pro�le is short,theemis-
sionline is widersuchthatthetotal �ux doesnotchangewith
phase.This con�rms thatthetotal H® emissionremainscon-
stantthroughoutthe orbit andis independentof the location
of thecomponentstars.

4. CONCLUSIONS

UsingtheextractedH®data,wefoundthatalthoughtheH®
emissionline pro�le undergoesdrasticchangeswith phase,
the net H® emissionis not seento vary. Surprisingly, the
fact that the two starseclipseandthat the systemcontainsa
thick accretiondisk appearsnot to in�uence the level of H®
emission.Harmanecet al. (1996)andAk et al. (2007)have
claimedthattheH® emissionis formedpredominantlyin the
jet-like structuresof this system.We agreewith their conclu-

sionthatthejet-like structuresmustextendover a substantial
volumesincethestellarcomponentsof ¯ Lyraehavelittle im-
pacton thetotal �ux of H® emission.

We aregratefulto D. LuttermoserandG. Hensonof ETSU
andJ. Hoffman of the University of Denver for their advice
andassistancein completingthisproject.WethankTheHon-
orsCollegeof EastTennesseeStateUniversityfor fundingthe
costof IDL softwareandK. Bjorkmanof Ritter Observatory
for providing the datausedin this study. We alsothankM.
WoodandtheSARA REU programfor theopportunityto at-
tendthe13thAnnualSARA AstrophysicalCongress.
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APPENDIX

THE LIGHT CURVE OF ¯ LYRAE

Wedescribetheopticallight curveobservedfrom ¯ Lyraewith a functionY thatdependsonphase© asgivenby Harmanecet
al. (1996):

Y(©) = V +
7X

j=1

[AcosU(©) +BsinU(©)] ; (A1)

whereY(©) representsthemagnitudevalueat thephase©, V = 0:8307974089is a constantequalto themeanof thelight curve,
andU, A, andB arecoef�cients to representtheharmonicsin thelight curve.

TABLE A1
L IGHT CURVE COEFFICIENTS

j U A B
1 6.2831853072 –0.0700098506 –0.0057556374
2 12.5663706144 –0.2106870444 –0.0059300616
3 18.8495559215 –0.0370618842 0.0007291482
4 25.1327412287 –0.0473236043 –0.0001056881
5 31.4159265359 –0.0058658904 0.0049789641
6 37.6991118431 –0.0126916374 0.0023121238
7 56.5486677646 0.0078856720 0.0000387452

JOURNAL OF H® DATA

This tablecontainsdatathatwasproducedduringthis project.Thespectralline dataarelistedin phaseorder. The�le names
wereassignedto eachspectrumby observersat theRitter Observatory. Thenamesrepresentthedatethata spectrumwastaken
(in UniversalTime). Thepeak,centerandFWHM valueswereobtainedusingIDL'sGAUSSFITprocedureto �t thewingsof the
H® line pro�les. Theoccurrenceof “N/A” in somerowsof thetablesignify caseswhereacceptable�ts couldnotbeobtained.

FILE NAME PHASE PEAK CENTER FWHM EW
(�) (�) (�)

19971003.014 0.005291 2.8744868 6563.0021 4.4240228 16339.00
19990712.024 0.015438 3.3878101 6562.8375 3.7965085 13266.00
19980428.032 0.029435 2.9272383 6562.9517 3.9106898 14180.60
19980905.012 0.056088 N/A N/A N/A 10967.00
19970731.013 0.072153 1.7420130 6563.4798 4.3966191 9898.66
19970921.014 0.079044 N/A N/A N/A 9715.08
19990713.024 0.094867 2.1116500 6562.7196 3.9292614 7235.56
19990916.022 0.109916 1.0306668 6562.1321 4.6197098 6415.99
19990821.029 0.110113 1.2091217 6561.9709 4.3655456 6284.50
19990903.025 0.111204 0.98615616 6562.5495 4.7427306 6102.76
19980703.016 0.116191 2.4015459 6562.8865 3.9837116 8026.34
19980906.012 0.130363 2.1631254 6563.1809 3.8533042 6615.60
19970610.037 0.136694 1.4923599 6561.7425 4.0983204 7087.13
19970706.014 0.138458 1.5042122 6562.2955 4.1454875 6745.32
19970706.016 0.139760 1.4639587 6562.3189 4.1474977 6783.38
19970706.018 0.141638 1.5430141 6562.3308 4.0528368 6607.03
19970706.020 0.143670 1.5866029 6562.3823 4.0057192 6561.82
19970801.016 0.146213 2.1626155 6562.8174 3.7849597 6498.31
19970706.024 0.147853 1.6569294 6562.4374 3.9752386 6580.73
19970814.012 0.149042 2.1975201 6563.1108 3.9610680 6894.83
19970706.026 0.149726 1.7039302 6562.4546 3.9490740 6582.01
20000805.018 0.155084 1.9008458 6562.7500 3.7295801 5609.20
19970922.014 0.157828 3.1319504 6563.3498 3.5597328 6669.70
20000913.014 0.165965 2.3477425 6563.1185 3.5338205 5922.63
19990701.016 0.168061 2.6704991 6562.9215 3.5279377 5609.43
19971031.012 0.170074 2.4113991 6563.3334 3.6900258 6896.17
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FILE NAME PHASE PEAK CENTER FWHM EW
(�) (�) (�)

19990618.020 0.173214 3.5930691 6563.0065 3.3516555 6548.58
19960830.012 0.179073 1.7025485 6562.2620 3.6523220 5951.22
19990809.031 0.185142 2.8632243 6562.7340 3.2717777 5587.30
19990904.022 0.185869 N/A N/A N/A 5498.63
19980608.022 0.191947 2.2116427 6563.2678 3.6135373 6660.42
19970720.012 0.216503 2.7140687 6562.9707 3.2191064 5174.58
19970624.014 0.216895 2.0563850 6562.3744 3.5586124 5788.70
19970828.012 0.228099 2.3834720 6563.8891 3.5244014 6147.69
19970720.022 0.231715 2.0413903 6562.9795 3.4004852 5193.95
19971006.012 0.236211 1.5734147 6564.1812 3.8260207 6595.28
20000901.016 0.238867 1.4509456 6563.5384 3.6335177 4924.81
19971019.012 0.244160 1.3211697 6564.6477 3.7451807 6164.72
19990619.016 0.247221 1.9587771 6563.5098 3.3997089 5508.03
19990715.024 0.250174 2.4197103 6563.2825 3.2614342 5099.67
19990728.031 0.257391 N/A N/A N/A 4752.15
19980527.017 0.268877 1.3495274 6563.3478 3.8920030 5653.67
19990905.029 0.269061 1.4658193 6563.1021 3.6544871 5129.42
19980705.021 0.275160 1.6687363 6563.9147 3.5949605 5891.76
19980826.014 0.286111 2.1761007 6563.5559 3.3819978 4572.79
19970721.012 0.292954 1.1803138 6563.3331 4.1826235 5448.25
19970803.014 0.300082 1.6773673 6563.5066 3.9031166 6547.01
20000820.012 0.310298 1.2118192 6563.5566 4.0974391 5234.32
19970829.012 0.312023 1.6426180 6563.8057 4.0282854 6834.82
19971007.014 0.316956 1.5055908 6563.9664 3.9152847 6310.39
19971020.012 0.317689 1.8307166 6564.3487 3.6404341 6199.95
20000902.020 0.321461 1.3906506 6563.2188 4.0304473 5444.71
19990716.024 0.323606 N/A N/A N/A 5025.40
19990811.029 0.338385 1.9937958 6563.2220 3.5408063 5468.35
19980706.014 0.349337 1.2175910 6563.5611 4.4214508 6681.71
19980909.014 0.362657 1.5467288 6563.9152 3.7910952 6168.43
19980827.012 0.364351 1.2333941 6563.6065 3.8487424 4940.37
20000808.017 0.386794 1.0583646 6563.4164 4.6909758 6199.96
19970925.012 0.389398 1.7189614 6563.9338 4.0968056 7198.71
20000821.020 0.391881 1.1714858 6563.4149 4.7440379 6556.10
20000903.015 0.394745 1.4055701 6563.3982 4.0801766 6241.59
19971021.014 0.395894 1.1753159 6564.0382 4.4917328 7467.83
19990621.024 0.399575 1.3586355 6563.4248 3.9383034 6145.11
20000916.015 0.402765 1.2380938 6563.6820 4.5439396 6942.52
20000929.018 0.404308 1.1678484 6563.8712 4.4840212 6126.10
19990717.024 0.405539 1.2150388 6563.2541 4.2203908 6430.46
19980828.014 0.436638 1.4237519 6563.5570 4.0323470 6432.42
19980802.033 0.438410 1.1416957 6563.5144 4.1079579 6144.36
19970710.014 0.444881 1.3748373 6563.3191 4.5096947 8616.15
19970710.016 0.446922 1.4224954 6563.3431 4.4587429 8705.38
19970627.018 0.447348 1.2132033 6563.2070 4.6131646 8447.47
19970627.019 0.448485 1.2846748 6563.1765 4.5430891 8505.79
19970710.020 0.451161 1.4436791 6563.3983 4.4692183 8824.13
19970710.022 0.453314 1.4222989 6563.4825 4.5272241 8942.58
19970710.024 0.455237 1.3606088 6563.5360 4.6148558 8984.38
19970831.012 0.460048 1.2166294 6564.6185 4.7316085 9490.36
19970913.012 0.470728 1.2214300 6564.4676 4.5109324 8905.73
19971009.012 0.470776 1.7605530 6563.9636 3.8881713 9403.89
19990609.020 0.473930 1.9490266 6563.0579 3.8679865 8315.74
19990622.029 0.476843 1.0849410 6563.3897 4.5226375 7937.59
20000917.018 0.478152 1.4571321 6564.5854 4.2919033 8739.29
20000917.020 0.479681 1.5392268 6564.4629 4.2597957 8778.77
20000930.016 0.480775 1.1780933 6563.9917 4.6383667 7763.86
19980803.015 0.507653 1.7444671 6562.7275 3.7188174 7130.46
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FILE NAME PHASE PEAK CENTER FWHM EW
(�) (�) (�)

19980803.016 0.508669 1.6977407 6562.7371 3.7539618 7135.87
19970520.035 0.518597 1.4323880 6562.1707 4.4328405 8729.37
19970711.014 0.520699 2.1485300 6562.4832 3.8678091 9071.16
19970615.037 0.521637 1.7050568 6562.1286 4.3154436 9470.79
19970711.016 0.522893 2.1515403 6562.4563 3.9015182 9341.97
19970711.018 0.525207 1.9636840 6562.4372 3.9932665 9287.29
19970711.022 0.529684 1.9218847 6562.4469 4.0028038 9164.92
19970711.024 0.532040 1.8367520 6562.3931 4.0519076 9087.09
19970806.012 0.533515 2.3653477 6562.7521 3.7511590 9193.19
19970927.012 0.541409 1.4153750 6563.5370 4.6380111 8984.66
19990706.024 0.553287 1.5353416 6562.4070 4.5015644 7291.53
19971010.014 0.553572 N/A N/A N/A 7141.54
19990623.033 0.556191 1.7324889 6562.4121 4.2579948 7903.02
19980830.012 0.589178 1.4172193 6563.6064 4.5002883 6634.10
19970712.012 0.596437 2.0219295 6562.7151 3.9166751 7014.46
19970629.018 0.598879 2.3766300 6562.6307 3.9300261 8206.33
19970712.016 0.601682 1.8655769 6562.6639 4.0129505 6919.97
19970725.015 0.605824 3.0133929 6562.8021 3.5646202 7346.42
19970902.014 0.617834 N/A N/A N/A 8360.16
20000811.016 0.617851 1.9702483 6562.4557 3.7409365 6849.94
19970928.012 0.621436 N/A N/A N/A 7362.37
19971011.012 0.623511 2.2447908 6562.9599 3.4816498 6845.28
19990707.024 0.629559 1.6739355 6562.4269 4.0861177 5979.89
19990802.031 0.642811 1.8026774 6562.3055 4.0244469 6700.13
19990923.013 0.651883 1.8136627 6562.2115 3.8502070 7115.60
19980519.030 0.653602 1.7818969 6562.0725 3.8090741 6977.50
19980710.038 0.662296 N/A N/A N/A 7121.77
19970522.039 0.671628 1.3115295 6561.2522 3.9149992 6431.77
19970808.015 0.684196 2.1109436 6562.2693 3.5541849 7083.84
19970916.014 0.695388 2.6083922 6562.9201 3.3974754 7240.68
20000825.020 0.704849 1.8685607 6562.0192 3.4535346 6085.56
19990708.026 0.710134 1.7709489 6561.7876 3.4314317 5776.70
19990803.031 0.719314 1.8965208 6561.5091 3.4713351 6328.39
19990816.029 0.727211 1.9016115 6561.5142 3.3844149 6291.43
19990924.014 0.729276 1.6225598 6561.7075 3.5758919 6566.96
19990829.029 0.731141 1.6819145 6561.6291 3.5338521 5599.03
19980901.014 0.743317 1.7674263 6562.2673 3.5003941 6217.39
19980901.015 0.743999 1.8951391 6562.2732 3.4379810 6241.13
19970605.020 0.745219 1.4029089 6560.8584 3.7160061 6600.67
19980914.012 0.749342 1.7753451 6562.1973 3.5424648 6893.87
19970714.012 0.752554 1.7697995 6561.3805 3.4608374 6108.62
19970714.016 0.756800 1.7873515 6561.3862 3.4920589 6104.08
19970714.020 0.760999 1.9086233 6561.4690 3.4707083 6189.67
19970809.013 0.761226 1.8311594 6561.7973 3.6063240 6876.20
19970904.016 0.777030 1.6567044 6562.3021 3.7743840 7744.67
19990626.026 0.783443 1.6660568 6561.6829 3.6726160 6260.99
19990830.031 0.807163 2.0849916 6561.9809 3.4630942 5468.22
19970511.016 0.817578 1.3984760 6560.9982 3.8991868 6200.82
19980902.016 0.825225 1.1977781 6562.1256 4.1701705 6492.20
19970702.016 0.829278 2.1805166 6561.6011 3.4220513 6957.82
19981024.014 0.836386 1.2763005 6562.1791 3.9276567 5594.92
19970810.012 0.838499 1.4389695 6561.6956 3.9124543 6533.48
19970905.014 0.844569 1.6030602 6562.0422 3.7977447 7642.78
19960813.009 0.864391 1.9957821 6562.0180 3.5535673 6084.27
19971109.014 0.864502 1.4438629 6562.6840 4.2193553 7264.00
19990723.024 0.865315 1.0320392 6562.2939 4.1396640 5791.54
19990710.024 0.870579 1.5463339 6561.8761 3.9369620 6219.40
19990818.029 0.877419 1.8419402 6561.8108 3.7249635 6354.48
19990831.024 0.877523 1.3789534 6562.1094 4.1906558 6080.59
19980522.024 0.879320 1.4168074 6561.4053 3.9278453 6404.59



78 GrayandIgnace

FILE NAME PHASE PEAK CENTER FWHM EW
(�) (�) (�)

19990926.022 0.882395 1.4485416 6562.1046 3.8776604 6569.01
19970429.025 0.890754 1.8747881 6561.4600 3.8363212 6652.46
19980821.014 0.896255 1.5958657 6562.2642 3.9791689 7142.27
19980929.025 0.907966 1.2163886 6562.0660 4.3258292 6962.05
19970703.012 0.908170 1.9378816 6561.9427 3.7042903 7904.41
19981012.017 0.912885 1.3916459 6562.3274 4.3758654 7068.59
19970703.018 0.913920 1.8670915 6561.9979 3.7995569 8322.92
19970716.032 0.915938 2.0646738 6561.9336 3.6936801 7736.08
19970919.012 0.923347 1.3601599 6562.2226 4.3094840 8808.86
19990615.016 0.933758 1.5066739 6561.6423 4.6361512 10687.80
19971015.014 0.934850 1.4328822 6561.9243 4.4073417 11138.60
19990711.024 0.941315 2.2685795 6561.9842 4.1001977 11312.30
19990806.016 0.949272 2.3746640 6561.7976 3.9134539 11527.80
19980427.024 0.954796 1.4945551 6561.2161 4.3906539 11242.10
19990914.012 0.956813 2.0654718 6562.1218 4.0129143 11275.60
19990901.029 0.960347 1.6239432 6561.9519 4.4957604 11437.50
19980727.033 0.978918 2.5507375 6562.3964 4.3405383 15860.00
19970513.032 0.981534 1.3196904 6561.1251 4.5004695 12733.50

REFERENCES

Ak, H. etal., 2007,A&A, 463,233
DeGreve,J.P., & Linnell, A. P. 1994,A&A, 291,786
Harmanec,P. etal., 1996,A&A, 312,87
Harmanec,P., & Scholz,G. 1993,A&A, 279,131

Hoffman,J.L., Nordseick,K. H., & Fox, G. K. 1998,AJ, 115,1576
Linnell, A. P., Hubeny, I., & Harmanec,P. 1998,ApJ,509,379


