
UBV PHOTOMETRY OF THE 1982-4 ECLIPSE OF EPSILON AURIGAE - 
A DISCUSSION OF THE OBSERVED LIGHT CURVES 

Paul C. Schmidtke 
Ari zona State Universi ty 

Tempe, Arizona 85287 

Introduct ion 

A t  least 29 observers i n  nine countries have contributed 
photometric measurements of Epsi 1 on Auri gae duri  ng the recent 
obser vat i onal campai gn. The present d i  scussl on i s 1 i m i  ted t o  data 
submitted (and pub1 ished i n  various issues of  t h i s  newsletter) by 
J. C. Hopki ns o f  the Hopkins Phoenix Observatory (HPO) and S I .  
Ingvarsson of the Tjorni  s l  and Astronomical Observatory (TAO). 
Both sources are on the UBV system, with no s ign i f i can t  systematic 
d i  f ferences. Combi ned, these two sources cover the ent i  r e  
eclipse, from pre-ingress up t o  the present (Apr i l  1985). I t  
should be noted that t h i s  ecl ipse i s  the f i r s t  t o  have complete 
photometric coverage i n  a l l  three broad-band f i l t e r s  U, 0, and V. 

Observations 

L ight  curves of the HPO and TAO data are shown i n  Figures 1 
through 5. Errorbars fo r  the U, B, and V curves represent the 
sample standard deviations fo r  mu1 t i  p le observations on individual 
nights. Errorbars f o r  (0-V) and (U-B), however, are overestimated 
because they are calculated using the er ro r  estimates fo r  the 
i ndividual bandpasses U, 8, and V. f o r  comparison, photoelectr ic 
1 i gh t  curves i n  visual l i g h t  (transformed t o  the V f i l t e r )  from 
the 1928-30 and 1955-7 eclipses are reproduced (from Gyldenkerne 
1970) i n  Figure 6. 

L ight  Variations of the V is ib le  Star 

Superposed on primary minimum are other 1 igh t  var iat ions 
usually a t t r ibu ted  t o  Cepheid-like pulsations of  the v i s i b le  star, 
c l ass i f i ed  FOIa. Outside o f  eclipse, the amp1 i tudes of  these 
var iat ions increase with decreasing wavelength so that the star i s  
b l  uest a t  maximum brightness (e. g., as seen duri  ng the 1984-5 
observing season fol lowing fourth contact). Unfortunately, 
extensi ve UBV observations have not been pub1 i shed for  the 
observing season preceding f i r s t  contact. To some extent, the 
pulsations are present during t o t a l i t y  as we1 1 as the pa r t i a l  
phases. The l a s t  statement i s  qua1 i f i e d  because the (0-V) and 
(U-B) 1 i gh t  curves are not we1 l correlated with the V curve during 
the in terval  JD 2445250 t o  JD 2445450. Indeed, an 
ant i -carre lat ion may ex i s t  as evidenced by a r i s e  i n  the (8-V) and 
(U-0) curves correspondi ng t o  a d ip  i n  the visual curve j us t  p r i o r  
to the mid-eclipse brightening. During the l a t t e r  por t ion of 
to ta l  i ty, however, the corre lat ion returns (e. g., the small bump 
i n  the V curve around 30 2445725 i s  accompanied by s imi lar  peaks 
i n  the (8-V) and (U-B) curves). 



Backman and Be1 1 (1982), i n  a previous newsletter, have 
comnented that the amp1 i tude o f  the i r regular  variat ions i s  about 
0.1 magnitudes outside o f  eclipse and increases t o  0.2-0.3 
magnitudes during eclipse. As i l l u s t r a t e d  i n  Figure 6, t h i s  
description i s  appl icable only t o  the 1955-7 eclipse. Indeed, the 
reverse behavior ( . e. , 1 arge variations outside of eel i pse and 
small variations within) i s  present i n  the 1928-30 l i g h t  curve. 
Except fo r  a 1 arge mid-ecl i pse b r i  ghteni ng, the recent ecl i pse i s  
more reminiscent, i n  terms of pulsational ac t i v i t y ,  of the 1928-30 
eclipse than the one during 1955-7. 

Mean Light Levels 

Adopting simple averages of the data recorded between 
JD 2445990 and JD 2446167, the mean 1 i gh t  levels outside o f  
eclipseareU=3.708, 8=3.600, and V=3.048. The levels during 
t o t a l i t y ,  calculated as simple averages of the data from 
JD 2445303 through JO 2445399 and from JD 2445600 through 
JD 2445725 t o  avoid the mid-ecl i pse b r i  ghteni ng, are U=4.510, 
8=4.305, and V=3.734. The depths o f  eclipse, are then 0.802, 
0.705, and 0.686 magnitudes i n  U, 8, and V, respectively. The 
t radi t ional  description of a gray eclipse, therefore, i s  only 
appl i cab1 e t o  the 8 and V bandpasses; i t i s much deeper i n the U 
f i  1 ter .  From u l t rav io le t  data obtained with the IUE, the depth o f  
ecl i pse i s  known t o  increase fo r  decreasi ng wavelength, down t o  
about 1600A ( Ake 1985). Be1 ow 1600A the ecl i pse becomes shal l  ower 
so that i t s  depth i s  only 0.2 magnitudes a t  1200A. 

'Times of Contact 

The times of contact are d i  f f  i c u l t  t o  assess because of the 
i r regular  1 ight  variations of the v i s ib le  star. Not only are 
these times dependent on the mean 1 ight levels inside and outside 
of eclipse but also on the pulsational a c t i v i t y  during pa r t i a l  
phases. For example, the determination o f  f i r s t  and second 
contacts i s  complicated by the shoulder observed i n  the U, 8, and 
V l i g h t  curves during the l a t t e r  port ion o f  ingress, which cannot 
be accounted fo r  i n  a simple manner. Observers of the 1955-7 
eclipse suggested that variations i n  (8-V) may be used t o  r e c t i f y  
the V bandpass 1 i gh t  curve. This would be a good technique For 
the 1982-4 eel i pse except that no prominent var iat ion i s  seen i n 
the (0-V) l i g h t  curve at  the time of the shoulder i n  the U, 8, and 
V 1 ight  curves ( i .e ,  the shoulder i s  grey). Therefore, using the 
observed data and neglecting rec t i f i ca t ion ,  the times of f i r s t  and 
second contact are calculated by extrapolat i  ng a 1 i near f i t  of V 
bandpass data from JD 2445217 throu h JD 2445282 t o  the adopted 
mean 1 igh t  levels inside and outside 07 ecl ipse. The resultant 
times are JD 2445165 and JO 2445302 for f i r s t  and second contact, 
respect i vel y. 

Although the U, 8, and V l i g h t  curves appear very smooth 
duri ng egress, the times of t h i r d  and fourth contact may also be 
di f f i cu l  t t o  estimate. This statement i s  j u s t i f i e d  by variat ions 
seen i n  the (8-V) and (U-8) curves j us t  p r i o r  and also during 
egress, imp1 y i  ng that pul sation-i nduced 1 i ght variat ions may a1 so 



be present i n  the U, 0, and V curves. Without addit ional means of 
separating these effects, however, only a simple f i t  of the 
observed data i s  jus t i f ied .  Extrapolating a l inear  f i t o f  V 
bandpass data from 30 2445760 through JD 2445800 t o  the adopted 
mean 1 ight levels inside and outside of eclipse, the t h i r d  and 
fourth contact times are estimated t o  be JD 2445748 and 
30 2445812, respectively. If a pulsation i s  superposed on the 
normal brighteni ng duri  ng engress, the visual 1 i gh t  curve could 
exhib i t  an abnormal 1 y rapid increase i n brightness. Indeed, these 
calculations y ie ld  an extraordinari ly short egress time o f  64 
days. The times o f  contact are summarized i n  Table 1, which 
i ncl udes the predicted times based on Gy 1 denkerne's eval uat i on o f  
the 1955-7 eclipse. 

Table 1 

Times of Contact fo r  the 1982-4 Epsi 1 on Auri gae Ecl i pse 

Contact Predi cted T i  me Observed Time 
Date JD Date JD 

1st 82 Jul 29 2445180 82 Jul 14 2445165 
2 nd 82 k c  11 2445315 82 Nov 28 2445302 
3rd 84 Jan 09 2445709 84 Feb 17 2445748 
4th 84 May 29 2445850 84 Apr 21 2445812 

Comparison with the 1955-7 Ecl ipse 

Gyldenkerne assigned mean 1 igh t  levels o f  V=3.002 (outside o f  
ecl i pse) and V=3.750 ( inside) f o r  the 1955-7 ecl ipse (see Figure 
6). A l l  o f  Gyldenkerne's values, however, must be adjusted by 
0.01 magnl tudes because he adopted V=4.72 for the comparison s tar  
Lambda Aurgiae i n  contrast t o  V=4.71 assumed during the recent 
campaign. As a resul t ,  the mean 1 i gh t  levels of the 1955-7 
eclipse are estimated t o  be V=2.992 and V=3.740. The change i n  
outside of ecl ipse magnitude from V=2.992 (1955-7 eclipse) t o  
V=3.048 (1982-4) indicates that  long-term variat ions i n  the 
v i s ib le  s ta r ' s  1 i gh t  may be present. I n  addition, the depth o f  
eclipse has apparently become smaller, 0.71 versus 0.75 
magnitudes. These changes may be i nsi gni f icant  except tha t  
Gyl denkerne reported that  eclipses p r io r  t o  1955-7 had a mean 
depth o f  0.80 magnitudes, Instrumental effects, however, have not 
been t o t a l l y  ru led out. Both the outside o f  ecl ipse level and the 
depth of ecl ipse could be underestimated i f  the deadtime 
correction appl ied  during recent data reduction i s  too small. 

I t  should be noted that the determination of the mean inside 
ecl i pse 1 i ght 1 eve1 fo r  the 1955-7 ecl i pse was c o w l  icated by 
larger pulsations during t o t a l i t y  than observed i n  the 1982-4 
ecl i pse. Gyl denkerne discussed values as f a i  n t  as V=3.795 fo r  the 
1955-7 eclipse, but used V=3.750 for the calculat ion of times o f  
contact, etc. 

The durations o f  d i f fe rent  phases fo r  the 1982-4 as well as 
past eclipses of Epsilon Aurigae are given i n  Table 2. Values fo r  



the 1955-7 and previous ecl f pses have been taken from Gyldenkerne. 
The duration of t o t a l i t y  fo r  the recent ecl ipse i s  s ign i f i can t l y  
1 onger than predicted. Indeed, t h i r d  contact occurred much l a t e r  
than expected, as noted by many observers. 

Table 2 

Durations o f  Phases for  Epsilon Aurigae Eclipses 

Phase 1982-4 1955-7 Pr ior  t o  
Ecl i pse Ec1 i pse 1955-7 

Ecl i pse 

Ingress (days) 137 135 182 
Total i t y  (days) 446 394 330 
Egress (days) 64 141 203 

Additional Comnents on the (8-V) and (U-0) Light  Curves 

As previously noted, the behavior of (0-V) p r i o r  t o  the 
mid-ecl i pse brightening i s  d i f fe rent  than that  of the l a t t e r  ha1 f 
of t o t a l i t y .  During the f i r s t  ha l f ,  v i r t u a l l y  no 
pulsation-related variations are seen i n  the (B-V) l i g h t  curve. 
For t t ~ d t  matter, the eclipse i s  hardly noticable! The man value 
of (0-V) during the interval  from JD 2445300 through JD 2445400 i s  
0.538, compared to  0.548 for  outside of ecl ipse measurements 
during the 1984-5 observing season. Lack of pre- i  ngress data 
compl icates the evaluation. After the mid-ecl ipse brightening, 
there i s  a gradual increase i n (B-V) ( i  . e. , a reddening o f  the 
system), superposed with pul sation-i nduced variations, up to  the 
time of egress. This phenomenon i s  probably not unique t o  the 
recent ecl i pse. Gyl denkerne noted systematic changes i n  (8-V) 
during t o t a l i t y  o f  the 1955-7 eclipse. 

The behavior of the (U-0) 1 igh t  curve i s  s imi lar  t o  that of 
(B-V) i n  that a t rans i t ion  t o  a redder system occurs a t  the time 
of m i  d-ecl i pse b r i  ghteni ng. There are two notable d i  f ferences, 
however. F i r s t ,  the (U-0) data exhib i ts  a def i ni  t e  change duri  ng 

'ngress. The man (U-B) level i s  about 0.087 magni tucks larger 
a f te r  second contact than observed out o f  ec l  i pse. The second 
exception i s  the unusual var iat ion of (U-0) j us t  p r i o r  t o  fourth 
contact. Whereas the (0-V) curve shows a Cepheid-1 i ke r i s e  
fo l  1 owed by a decl i ne, the (U-0) curve monotoni c a l l  y i ncreases, 
indicat ing a large u l t rav io le t  excess a t  four th contact. 

The overal l  a c t i v i t y  o f  the system, therefore, i s  
characterized by re la t i ve  quiescence during the f i r s t  ha1 f of 
t o t a l i t y  followed by increasing a c t i v i t y  up t o  four th contact. 
The same behavior has been noted i n  recent spectroscopic studies. 
Fer 1 uga and Hack (1985) report that the red-shi f ted 'she1 1 ' 
absorption 1 i nes seen a t  f i r s t  contact ( i .  e .  evidently, 
or ig inat ing from the outer portions of the ro ta t ing  gaseous disk 
of the secondary) are s ign i f i cant ly  less intense than the 
v i  olet-shi f ted 1 i nes present at  fourth contact. 



Comnents on the Mid-Ecl ipse  Brightening - 
A Gravitat ional Lens? 

The mi d-ecl i pse brightening is seen i n  a1 1 t h r e e  bandpasses. 
As previ ousl y noted, however, t h e  bri ghteni ng i s  not presc'ni; i n 
the  (0-V) and (U-0) 1 ight  curves. The grey nature of this 
phenomenon argues agai nst a pul sat ion-i nduced 1 i ght var ia t ion a s  
the cause. Another suggestion tha t  may account f o r  the  
bri ghteni ng phenomenon i s gravi t a t 1  onal 1 ensi ng. This expl anat i on 
i s  decsribed i n  the ca lcu la t ions  t h a t  follow. For a more complete 
treatment of stel 1 a r  gravi ta t ional  lenses,  see Liebes (1964). 

Let !?, be t h e  d i s tance  from t h e  observer t o  t h e  de f lec to r  
s t a r  responsible fo r  the lensing,  and let g,, be the dis tance from 
the def lec to r  star t o  t h e  object  s t a r  whose 1 igh t  i s  being 
def 1 ected. The mass of t h e  de f lec to r  is taken t o  be'W . Then 
from general r e l a t i v i t y ,  i t  follows t h a t  t h e  maximum def lec t ion  i s  

where + =1+(1P/2(;P) , G is t h e  gravi ta t ional  constant,  and c i s  t h e  
speed of l igh t .  If theentire disk of t h e  de f lec t ing  body f a l l s  
within the def lect ion cone, a gravi t ional  lens occurs. Not only 
is 1 ight  from the object  def lected towards t h e  observer, but a l s o  
t h e  i n t e n s i t y  of t h e  1 igh t  i s  amp1 i f ied.  That i s ,  a brightening 
occurs. 

Parameter rC( i s  important t o  the p o s s i b i l i t y  of seeing a lens 
e f f e c t  i n  a binary system. For c lose  b inar ies  with small 
separat ions ,  f i  becomes so  large  t h a t  8 i s  very small. Perhaps 
in  wide binar ies ,  such a s  Epsilon Aurigae, the value of i s  
small enough t o  permit a lens  t o  occur. Inse r t ing  t h e  c o n s t a n t s c  
and G and transforming t h e  u n i t s  of measurement, equation 1 
becomes 

where 8 i s  measured i n mi 1 1 i seconds of a r c  '(mas), % i s  i n sol  a r  
masses, i s  i n  parsecs, and %'=, i n astronomical uni ts .  For 
E s i l o n  Aurigae t h e  following values a r e  assumed: Vl =3.5%5, 
~=600pc,  and f ,=25~~,  where t h e  de f lec to r  is assumed t o  be two 
c lose  f O V  s t a r s .  (Note: t h e  t o t a l  mass of the secondary may be 
four t o  f i v e  times l a rger  than the value assigned here, b u t  the 
addit ional mass i s  in  the extended disk component of t h e  ecl  ips i  ng 
body. ) Under these  assumptions, the  maximum def lec t ion  angle i s  
8 =0.00309mas. However, f o r  amp1 i f  i ca t ion  t o  occur, t h e  e n t i r e  
apparent d i s k  of the def lec to r  must fa1 1 within t h i s  de f iec t ion  
angle. The apparent angular radius  of a s i n g l e  FOV s t a r  a t  578pc 
is 0.0122mas, or  about four times larger  than t h e  allowed l i m i t  
fo r  a gravi ta t ional  lens t o  form. A1 though a s t e l l a r  lens  may not 
be a v iable  explanation, two var ia t ions  of t h i s  phenomenon may 
account f o r  the observed brightening. F i r s t ,  t h e  object  
responsible fo r  t h e  lensing may not be composed of ' normal ' s t a r s ,  
b u t  i nstead i t  may consis t  of a col lapsed object  (e. g. , a black 
hole has hypothesi zed by some observers) .  Second, t h e  extended 
mass d i s t r i b u t i o n  of the  ec l ips ing  disk i t s e l f  may cause t h e  
lensing. T h i s s i t u t a t i o n w o u l d b e s i m i l a r  t o  t h e l e n s i n g s e e n i n  
the imagr ng of double quasars by intervening galaxies.  For 



Epsl Ion Aurigae, calcul atlons usi ng an extended mass dl s t r i  bution 
have yet t o  be attempted. 
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Fig .  1. V l i g h t  curve  of t h e  1982-4 e c l i p s e  of E p s i l o n  Aur igae .  
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Fig .  7. U l i g h t  c u r v e  o f  t he  1982-4 e c l i p s e  o f  E p s i l o n  A u r i g a e .  
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F i g .  5. ( U - B )  l i g h t  c u r v e  o f  t h e  1982-4 e c l i p s e  of E p s i l o n  Aur igae .  

2'15503 ?LIIDDO 

Fig .  6 .  Tllr, 1 0 . ' 8 - 3 ~ ) l i p l ~ t - c 1 1 r v ~ ~ ( ~ ~ 1 1 1 s s i p 1 l a . 1 1 ~ ~ ~ ~  abscissar scnle) allpcrposed r~l>oll tllc 1952-57 
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I'llWC.;I'llts 1' for tllc I!).ij-T,i vrlipsc. From Gyldenkerne (1970). 




