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I .  Introduction 

Observations of the E Aurigae system ea r l y  i n  the International 
Ui t ravio let  Exp lorer  ( IUE) program revealed an apparent UV excess 
shortward o f  I ~ Q O A  which was in terpreted as the contr ibution of a hot dwarf 
companion ( i iack and Se lve l l i  1979). Fur ther  observation, both before and 
during the e n s ~ i n g  ecl ipse cycle, revealed that the source of the UV excess 
was highIy var iab le  (Baehm, Feriuga and Hack 1984). However, as  
demonstrated by several  researchers (Clarke 1961; Cr i ve l la r i  and Praderie 
1982; Basri, Clarke, and Haisch 1985, hereaf ter  BCif)  the IUE 
c~oss-d isperser  grat ing acts t o  red is t r ibute  a measurable percentage of 
the longer wavelength l ight  into the range of the shor t  wavelength pr ime 
(SWP) camera, causing e r r o r s  in both l ine and continuum f lux  levels in  the 
uncorrected spectra. 

There have been ea r l i e r  attempts t o  co r rec t  the E Aurigae IUE spectra 
f o r  scat tered l ight. Hack and Seivel l i  (1979) subtracted 500 f lux  units (FN) 
f rom the ent i re  spectrum, t reat ing the scat ter ing as if it were a uniform 
background contamination, independent of  wavelength. Parthasarathay and 
Lambesr (1983) also recognized that  scat tered l ight  might be important in  
establishing the propert ies,  and indeed the v e r y  existence, of a hot 
companion. They used the descattering methods suggested by Clarke ( 1981 ) 
and Cr ive l la r i  et a l e  (1980) and concluded that the signal shortward of 1250 
A was pure ly  scat tered light. They also suggested several  alternatives t o  
the hot companion model f o r  the remaining UV excess sttortward o f  1600 A 
(see s e c t i ~ n  4) .  

It i s  c l e a r l y  of  c ruc ia l  importance t o  our  understanding o f  the nature 
of the UV excess that  we care fu l l y  evaluate the level  of scattered l ight  
contributing t o  it. In o rder  t o  do so we have applied the BCH algori thm to  a 
number of low dispersion 1UE spectra o f  E Aurigae f r om ve ry  ear l y  
pre-eclipse through the most recent past-eclipse epochs. As noted i n  BCH, 
scat tered l i gh t  is  most significant when there  i s  a great  deal of contrast 
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between adjacent spectra l  regions, Indeed, E Aurigae has such a spectrum, 
being of the same spectral  type as Canopus, the s ta r  chosen by BCH as the 
best candidate f o r  the i r  scat tered l ight  study. 

We have found that the IUE spectra v a r y  on t imescales comparable to 
the optical photometry (Schmidtke 1985) i n  agreement with Ake ( 1985) and 
that  they are  indeed pa r t i a l l y  contaminated by scat tered light. Even af ter  
cor rect ion f o r  th is instrumental  effect, however, a significant, t ime 
dependent UV excess i s  s t i l l  present. 

2. Data Reduction and the  Des ta t t er ing  Procedure 

The BCH cor rect ion f o r  scat tered l ight  i n  IUE spectra goes beyond the 
ea r l i e r  work mentioned above i n  being more general and i s  therefore o f  
wider applicabil ity. The authors determined a 'best f i t '  empir ical  scattering 
p ro f i l e  f o r  the cross-disperser grat ing by convolving an assumed 
scattering p ro f i l e  with a ' true' Canopus spectrum and comparing the resu!: 
t ova r i ous  IUE images of th is FO Ib-Il s tar .  The ' true" Canopus consisted of a 
Kurucz ( 1979) model (TPff = 7500 K, log g = 2.0 and log A = 0.0) except in  
the spectral  range 1426 < X < 3440,, where TD-I and OAO I I  f luxes were 
used.The adopted scat ter ing p ro f i l e  was der ived f r om resu l ts  of tests on a 
rep l ica  o f  a grat ing made f r om the same master as that used t o  produce the 
one actual ly  f lown aboard IUE (Mount and Fastie 1978). The p ro f i l e  was 
modified to  include scat ter ing f r om the cores of  emission l ines and extended 
by adding exponentially decreasing wings. Four f r ee  parameters a r e  needed 
t o  describe these modifications t o  the Mount and Fastie prof i le.  The 
interested reader i s  r e f e r r e d  t o  the BCH paper f o r  more detai ls of these 
parameters and the e r r o r s  associated with the i r  determination. 

Once the best  f i t  p ro f i l e  i s  determined it can be deconvolved f r om any 
IUE spectrum t o  r e t u r n  a 'descattered" spectrum, and this i s  the approach 
that we used. The default, normal ized scat ter ing p ro f i l e  assumes a level  
of 4%: scat ter ing f r om a bin at the re ference wavelength ( a r b i t r a r i l y  
selected at the midpoint of  the combined shor t  and long wavelength range) 
as one of the four  parameters. 'That l ight  i s  then redistr ibuted t o  a l l  other 
wavelengths in accordance with the shape of  the adopte prof i le.  For  other 
than the re ference bin the eff iciency scales as (A, f/h)4. Hence, a value of  
4% at 2450 impl ies a 16% scat ter ing eff iciency i n  t t e  region of the Lyman a 
l ine. 

Because the l ight  scat tered into the range of the SWP camera originates 
f r o m  ionger wavelengths, we have merged a l l  SWP spectra with LWR o r  LWP 
observations taken on the same day. The spectra input into our subsequent 
procedures a re  absolutely cal ibrated f luxes f r o m  the SWP camera f o r  X L 
1950 A and f r o m  the LWR o r  LWP cameras at  X L 1950 A,  yielding an 
ef fect ive wavelength coverage of 1150 L X i 3350 A. We have applied the 
absolute cal fbrat fon o f  Bohiin and Holm (1980) t o  the SWP and LWR sgectra 
and that  of  Cassatella and Harr is  C1982) t o  the LWP images. I n  addition, we 
have used the cor rect ion suggested by Holm, et a1. ( 1982) f o r  e r r o r s  due 
t o  variat ions in the camera head ampl i f ie r  temperature. 
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The BCH procedure  was o r ig ina l l y  designed t o  work  wi th input data i n  5 
A steps, w ider  bins being inappropr iate f o r  spec t ra l  iine studies. Our 
p r i m a r y  concern  in th is  work i s  the  sho r t  waveiength continuum; hence we 
a r e  not s i m i l a r l y  res t r i c ted .  Moreover,  t h e  signal/noise i s  quite poor i n  
c e r t a i n  spec t ra l  i n t e r v a l s  of kay importance, i. e., 1 1  50 r X L 1550 A (the 
reg ion which p u r p o r t e d l y  shows a UV excess but which has the smal les t  
i n t r i ns i c  SWP f l u x )  and 2000 i X i  2400 ( t h e  'nearest '  region of the long 
wavelength spec t rum and hence the most sensi t ive t o  the  actual  shape of the  
red is t r i bu t i on  funct ion f a r  scat te r ing  in to  t h e  sho r t  waveiength region). 
Therefore, we averaged the  data i n  50 A wide bins, appropr ia te ly  weighted 
t o  e l im inate  reseaux and other  f lagged points of questionable qual i ty,  and 
modi f ied t h e  or ig ina l  BCH code so as t o  a l l ow  input data of any reasonable 
b in  size. 

These merged, absolute ly  cal ibrated,  binned spect ra  were  then passed 
t o  the  descat ter ing a lgor i thm. I n  a l l  cases we have used the  'best fit' 
paramete rs  determined by  3CH f o r  the scat te r ing  pro f i le ,  motivated i n  p a r t  
b y  the  s i m i l a r i t y  in spec t ra l  type of Canopus and E Aur igae.  We have 
invest igated the  e f fec t  of a twofo ld  reduct ion in t h e  assumed scat ter ing 
ef f ic iency,  however, in l igh t  of some evidence that  the 4X va lue might be too 
l a r g e  (c.f . ,  see discussion below).  

3. Results and Discussion 

Figure  1 degicts the wavelength and t i m e  dependence o f  the  scat tered 
l i gh t  found by t h e  3CH procedure  f o r  spect ra  obtained throughout the 
ecl ipse. The quant i ty  p lo t ted  i s  the  scat te red l i gh t  f ract ion,  defined as 

where  F O ( ~ , @ )  = the  f l u x  a t  wavelength h ar;d ec l ipse phase 4, f o r  t he  
uncor rec ted ( input )  spectrum, and 

FC(X,@) = t h e  flux a t  wavelength A and ecl ipse phase a, f o r  the 
c o r r e c t e d  (output)  spectrum. 

A quadrat ic  i n te rpo la t i on  was appl ied t o  the  data along the  phase axis in 
o r d e r  t o  d isplay non-uni formly spaced points on a un i fo rm scale. In most 
cases t h e  sca t te red  l i ~ h t  f rac t i on  among the  longer  wavelength bins i s  
ins igni f icant ,  whereas f o r  h 1 1550 A R(A,@) increases rapid ly .  One 
exception i s  the  reg ion Ah 2000-2400 which, as mentioned above, i s  the  
l eas t  sensi t ive p o r t i o n  o f  t he  long wavelength cameras.  

Without even consider ing the  v e r t i c a l  axis o f  F igure  I we can easi ly  
detect an i n te res t i ng  facet  o f  t h e  phase dependence o f  R(A,<P) in the  shor t  
wavelength bins. Not surpr is ing ly ,  the  f i gu re  i m p l i e s  t h a t  t he  amount o f  
sca t te red  light is  greates t  when the  s t a r  is  br ightest ,  i.e., be fore  f i r s t  
contact, a f t e r  f ou r th  contact  and dur ing  the mid-tota l i ty  br ightness 
enhancement. Since we would not  expect an unecl ipsed hot  secondary t o  
show the  same t i m e  dependence as t h e  ec l ipsed p r i m a r y  we i n t e r p r e t  th is  
resu l t .  as an independent ver i f i ca t ion  t h a t  we are  indeed dealing with 
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scattered light. Nurv if we consider the values along the vertical axis we 
see that up to ZOX of the flux a t  the short wavelengths is scattered light. 
Two important questions then arise: 1 )  how reliable are the assumptions 
that set the scale of the vertical axis? and 2 )  what about the flux that is not 
scattered light? We shall consider each question in  turn. 

In his application of the BCH algorithm to the spectra of comets 
Feldman (private communication) derived a scattering profile from the 
shape of a n  overexposed Lyman a ernisssion line. He found a n  efficie~cy of 
scattering from line center of about 2%, compared to the 4% found by 3CH. 
Tnis was partially compensated by a larger fractional scattering into the 
near wings, important for emission line studies but not for the continuum 
case under study here. In Figure 2 we show the results of a test 
comparison of the two cases, 4% a n d  2% scattering efficiency, 'for our most 
recent post-eclipse observation. Although the fractional scattered light is 
also reduced by the expected factor of two, we note that there is still 
agreement in the regions of overlapping uncertainty (k 1 0 ) .  i-lence, it 
seems reasonable to consider the 2% case as a /ewer /imir'to the actual 
values of R(h,@), for this and  a l l  other epochs. 

A rough method for estimating the amount of scattered light in a n  IUE 
spectrum has recently been suggested by Imhoff  (1985). Her empirically 
derived procedure determines the number of DN per second scattered into 
the SWP camera range from the long wavelength spectrum a t  2400 A. Since 
the BCH procedure sums the contribution from the entire long wavelength 
spectrum it might be expected that .the values of R(A,@) derived from it 
would be larger than those determined from Imhoff's 'rule of thumb". 
However, it is evident from Figure 2 that this is not the case. Even with the 
rather large uncertainties lmhoffs approximation predicts a larger 
fractional scattered light than that found using the BCH algo~ithm. T h i s  
suggests either that the 'rule of thumb' procedure overestimates the 
scattered l i g h t  or that the profile adopted by BCH leads to a considerable 
underestimate. The latter seems unlikely, since the profile was  determined 
from a best fit to a s tar  of the same spectral type as E Aurigae. Lacking 
further information as to the validity of the assumptions that were made in 
constructing the BCH profile (i.e., do the far  wings really fall off 
exponentially?) we shall henceforth interpret the larger values derived 
from the lmhoff procedure a s  convenient upper l imi ts  to the full  8CH 
treatment. We shail use the upper limit results in the later figures, in lieu 
of er ror  bars, to represent the maximum correction for scattered light. 

Let us return. to the second question posed in the discussion of Figure 
1 .  Having subtracted away the scattered light contribution in each 
wavelength bin for each of the spectra, we are  now in a position to examine 
the intrinsic UV f l u ,  and note how it behaves a s  a function of 'eclipse 
phase'.. Units of eclipse phase a r e  defined such that first contact occurs at 
(O = 0.00 and last contact a t  1 -00, based on dates predicted by Gytdenkerne 
(1970) for the eclipse in optics/ wave/engths. In these units second 
contact occurs at 4 = 0.200 and third contact at 0.790. 

In Figure 3 we present eclipse Tight curves, both before and after the 
scattered light cari-ection, f o r  three representative wavelength bins, 1350, 
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1450, and 1600 A. In a l l  cases we p lo t  magnitude versus a, defined as 

where the constant 2 1 . 1  r e f e r s  t o  the absolute energy cal ibrat ion of Vega 
der ived by Hayes and Latham (1975). One can easi ly  show that the 
di f ference between the l igh t  curve cor rec ted f o r  scat tered l ight  and the 
uncor rec ted curve i s  re la ted  t o  the R values discussed above by 

6 m A ( 9 )  = mhc(+) - rnAO(@) = - 2 . 5  l o g  ( I - R ( h , @ ) )  

where R is  used here  a s  a fract ion, r a t he r  than a percentage. 

Inspection o f  F igure 3 demonstrates a number of interest ing resul ts .  
F i rs t ,  it can be eas i ly  seen that, with in'creasing wavelength, the cor rec ted 
l ight  curves f a l l  c loser  and c loser  t o  the uncor rec ted curves. For  h > 1700A 
the curves are  v i r t u a i l y  indistinguishable. This t r end  i s  ent i re ly  consistent 
with the resul t ,  noted in Figure 1, that the percent scat tered l i g h t ,  i s  
greatest  f o r  the shor t  wavelengths i n  the SWP camera and approaches zero 
a t  the longer wavelengths. Second, we note that the cor rec ted and 
uncorrected l igh t  curves di f fer  most  at the "brightest" phases, i. e . ,  
before and a f te r  the ecl ipse i t se l f  and during those phases associated with 
tho cent ra l  brightening feature ( f o r  those wavelengths where there  i s  s t i l l  a. 
d i f ference),  again i n  accord with the resu l t s  of F igure 1, We see that the 
ef fect  of scat tered l igh t  i s  t o  ' f i l l  ins  the curve, making it shal lower than 
it should be at the  shortest  wavelengths. Most notably, it is quite 
disputable whether o r  not the cu rve  at 1350 A i s  an ecl ipse curve, 
especial ly considering the l a rge  uncertaint ies concomitant with the low 
in t r ins ic  f l ux  levels. 

To address d i r ec t l y  the question o f  the r ea l i t y  o f  a UV excess i n  the E 
Aurigae system we examine the spectra a f te r  we have removed the 
scat tered l ight  component. Does evidence fo r  an apparent hot component 
remain? The answer seems t o  be "yes'. Fo r  several  of  ou r  observations a 
modest percentage o f  the UV excess i s  accounted f o r  once we subtract  away 
the scat tered l ight.  In others, a lmost  none o f  the excess i s  removed. 
Figure 4 shows a typ ica l  example o f  the f o rme r  case, in which subtract ing 
even the upper l i m i t  of scat tered l igh t  does not signi f icant ly  reduce the UV 
excess a t  wavelengths below 1550 A. The f o rmat  o f  F igure 4 i s  del iberately 
s im i l a r  t o  that  used by Hack and Selve l l i  (.1979), the f i r s t  repor t  of an 
excess i n  IUE spect ra  o f  E Aurigae t o  appear in the l i t e ra tu re .  

When spect ra  ( co r rec ted  f o r  scat tered l i gh t )  f r o m  several  di f ferent 
dates throughout the ecl ipse a re  p lo t ted  i n  a manner s im i l a r  t o  that used in 
Figure 4, l a r ge  v a r i a t i ~ n s  a r e  seen i n  slope of the continuum shortward of 
1600 A. Figure 5 is  a schematic i l l us t ra t ion  o f  the shor t  wavelength 
var iat ions observed.. The f luxes in Figure 5 have a l l  been a rb i t r a r i l y  
adjusted t o  y ie ld  the same value at 3300 8, as t he  model atmosphere of 
Kurucz ( 1979) used in Figure 4, a procedure which presumably removes the 
eclipse. t ime  dependence f r o m  the  data. The t ime  var iat ions that  remain are  
associated e i ther  with the eclipse-independent f luctuations o f  the hot 
component i tse l f ,  wi th gaps o r  tunnels in the occult ing secondary (Wilson 
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1971; Ai tner e t  al. 1984), or  with the cepheid-like pulsations sf the 
primary, which can be quite large at short wavelengths (Ake and Simon 
1984). Figure 6 shows the data a t  1300, 1400 and 1500 A,  adjusted in the 
same manner, plotted versus t ime. There i s  some suggestion of cyc l i c  
behavior in  the curves, and a detailed study of th is  t ime dependence i s  
presently underway. 

In ear ly  February of 1984 the ul t raviolet  spectrometer (UVS) aboard 
the Voyager 1 spacecraft observed € Aurigae ( R .  Polidan, private 
communication). The spectrum obtained i s  consistent with a star of 
spectral type 85; however, since a known 85 star  is  ,c.lo.se enough to E 
Aurigae to have been included in  the 0. I degree by 0.9 degree aperture, the 
identification is  suspect. An additional UVS observation i s  planned, f rom 
which it i s  hoped that the uncertainty ifl the identification of the IdV source 
w i l l  be resolved. Ake and Simon (19 .84)  noted that the line spectrum sf E 
Aurigae shortward of 1400 8, does not match that of a 85 star.They 
concluded f rom this that whatever the hot component is, it is not a hot 
star,  which suggests that the f lux observed by the UVS instrument was due 
to the known B5 star. Nevertheless, the UVS data seems not to be 
inconsistent with the fluxes in  the short wave!ength IUE spectrum obtained in  
mid-February o f '  1984. We wi l l  fol low with great interest future UVS 
observations of E Aurigae, with the intent being t o  compare the results with 
future lUE data and U, B, and V photometry. 

4. Summary 

As a resul t  of this work we have found that l ight scattered from the 
longer wavelengths constitutes a smal l  but non-negligible, wavelength and 
t ime de endent fraction o f  the measured f lux i n  the fa r  UV. We have n ~ t  
been ab P e to unambiguously ru le  out the real i ty  of the UV excess. However, 
we note that there are s t i l l  uncertainties i n  the assumed scattering profile. 
New measurements of  the scattering properties of the cross-disperser 
grating are planned in order to  ver f fy  the resul ts of Mount and Fastie ( 1978) 
and extend the wavelength coverage into the fa r  wings of the prof i le  (8. 
Woodgate, pr ivate communication). The resul ts of these measurements w i l l  
no doubt reduce some of these uncertainties. For  the present, we feel that 
the BCH approach i s  a significant' improvement over the methods heretofore 
available fo r  the treatment of scattered l ight i n  IUE spectra. 

IUE imposed constraints on the part ic le size and temperature of the 
disk surrcounding the* secondary were f i r s t  discussed by Casteili et aB. 
( 1982) and Chapman et al. ( 1983). Later in f rared resul ts confirmed the 
prediction that the disk temperature had to  be significantly lower than that 
of the supergiant (Sackman et a l .  1984). The apparent contradiction 
inherent in the coexistence of an ul traviolet  excess and an infrared 
temperature around 500 K was one of the pr imary  motivations fo r  
undertaking this study. Future observations, such as those possible with 
the Voyager UVS and other instruments, w i l l  undoubtedly gain us new insight 
into the problem, O f  part icular interest, i n  the long term, i s  observation of 
the E Aurigae secondary at quadrature and, later st i l l ,  in eclipse, 
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Meanwhile, we look to theoretical modeis which allow both a UV excess and 
a cold disk, such as star spots on, the surface of the pr imary 
(Parthasarathy and Lambert 1983), o r  polar flows associated with a double 
star embedded in  the disk (Lissauer and Backnan 1985). 

We acknowledge the assistance of the IUE staff in  acquiring the spec t ra  
of E Aurigae throughout the many months of the eclipse cycle, and of the 
staff of the Regional Data Analysis Facility a t  Goddard Space Flight Center, 
whose helpful advice in  reducing the data was an invaluable resource. W e  
are grateful to D r .  G. Basri for providing the FORTRAN code o f  the BCH 
procedure and fo r  taking the time to c lar i fy  some of the finer points 
involved in its application. 
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Figure I 
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o t  th.  shortest wawlcnqths 8s erpec1.d ~f the s n p ~ l  I S  scottered 
I lqhl 

"Rule of thuab" method 

o f  uncertainty 
L . . - s - - . - . - . - . . . . . . . . . . . . . . . . . . . . . . . . .  

Weuelenqth (flngstromr) 

Flgure 2 
R.lat lwe p.rcent scol lered I oght as o fwwt l on  o f  wawelmqtn for 
0 typtcal  IUE o b s w w l l o n  o f  Epstlon i b r n q ~  ( @ . t 4 3 4 )  T h  
ef fec t  o f  w y l n q  the scotterong e f f t c ~ e n c y  porcaeter 4s shorn 
A l  tharph th. two corms q ~ w e  percentop.s v h ~ c h  dl f fe r  by o factor 
o f  two, lh. owr lapp lnp wcer to ln t lms show that thus poro-etar 8s 
not CPIIICOI, 01 least f o r  the cose o f  c o n t l n w  sco t t e r~na  Rl  
t t s  wper I 0.1 I the 4 1  case OPPrOOchs the rough esttmate & r 1 4  
u s ~ n q  Imhoff 's (1985) - r u l e  o f  thumb' 
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Eclipse Phese 
Figure 3 

E c l ~ p s e  I l g h t  curves fo r  three d ~ f f e r e n t  wovelength blnS I n  
eoch case the f I l led dots represent the uncorrected dota whl l e  
th. plu. s t  s or. the s w  doto correctad for  scot tared I l g h t  
ustnp th* propram W I  t h  the defaul t p o n e t w r ,  and the 
doshed lone IS the curve corrected U S I ~  the " r u l e  o f  thumb' 
m t h o d  R t  row lengths longrord o f  17UJ R tha three c v - 9  are 
u l r t w l l y  ~ n d l s t l n g u l s W I e  
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Figure 4 Ulauelength Ilngstromsl 

R typocal evomple o f  the p a r ( l o ~  reduct~on an the opporant UU 
excess a f t e r  sub t roc t lng  the scat tered I ~ g h t  component The 
thin l l n e  I S  o Kurucz (1979) nodel s t e l l o r  atmosohere w l t h  
Te f f  - 7500 K, log g - 1 0 ,  w d  log R - 0 0, odlusted to  the 
d ~ s t o n c e  and angular d~amete r  o f  Canopus The f b l l e d  squares 
o re  the 10-1 and OAO-2 dota fo r  Conopus, scaled 0s I n  Hack 
S e l u e l l ~  (1979) The spectrum o f  E p s ~ l o n  Aurlgoe wel l  o u t s ~ d e  
o f  e c l ~ p s e  4s shown by the remaan6ng curves Qpen c4r;les no 
co r rec t   on for  scat tered I l gh t .  heavy I lne correct  I on us tng 
the BCH code w l t h  de fau l t  paranterr ,  dot ted I l n e  c o r r e c t ~ o n  
8,slnq I m h o f f ' s  ' r u l e  o f  thumb es t~mote  

8 9 



Wauelength (Angstroms) 

Figure 5 

A d e m s t r o t ~ o o  o f  the t ~ m  w r r ~ a t ~ r n  o f  the shor t  wnuclength 
spectra ur1f.h UarlattOnS due to  the ec l lpse - f l l t c r e d  ou t -  by 
a d j u s t ~ n g  a l l  the c o n t ~ n u o  to  the value o f  the Kurucz (1979) 
nndel (open c ~ r c l e s ,  same model as used I n  the prevton~s f ~ g u r e )  
at. 33m I? A t  the extreme shor t  rcruclenpth cnd, the w r r ~ a t ~ o n s  
range owr a l r a s t  2 nagl~ tudss 

Eclipse Phase 

Figure 6 

Logar 1 thm o f  the EDS t ton Aurjgoe f luxes.  corrected fo r  scat tered 
I l gh t  and adjusted to  the same value a t  3300 A,  os a funct ,on o f  
tlme By scalnng the f luxes ~n the near UU the tlme u a r l a t l o n  due 
t o  the ec l  tpse 8s suppressed, I a a u ~ n g  evndence o f  another thm. 
dependence, assoc8ated e ~ t h e r  u t t h  the UU excess t t s e l f  o r  w ~ t h  
the c e p h e ~ d - l ~ k e  o u l s a t ~ o n s  o f  the prtmary Open c l r c l e s  I300 R .  
as te r  I sks 1400 A ,  I I l led squares 1500 fl 




