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ABSTRACT. The VV Cep c lose binary system C08V + M2 lab; P = 20 3 yrs.D is 
descr ibed f rom publ ished s p e c t r a l , rad ia l ve l oc i t y , pho tomet r i c , and as t romet r ic 
resul ts. A l ong - te rm photometr ic monitoring program shows intrinsic var iab i l i ty in 
a red bandpass. V a r i a b i l i t y ex is ts on several t ime scales and the longest of 
these is a t t r i b u t e d to t i d a l d i s t o r t i o n of the coo l supergiant by the equa l ly 
massive hot compan ion . A t h e o r e t i c a l " d i s t o r t i o n " l i g h t cu rve , when faced 
against the observat ions, indicated the radius of the supergiant to be signi f icant ly 
smaller than the accepted value of 'V1600RQ. This conclusion is examined in the 
context of a pulse of po la r i zed red l ight occurr ing near the time of per iast ron 
and interpreted as Roche Lobe over f low of the supergiant envelope. It is shown 
tha t the p h o t o m e t r i c and p o l a r i m e t r i c resu l ts may be made accordan t , not by-
appeal to a very large level of sca t te red red l i gh t , but rather by invoking the 
l o s s o f c o n s t r a i n t o r i g i n a l l y i m p o s e d by t h e R o c h e Lobe g e o m e t r y . 

1. INTRODUCTION 

VV CEP (HD 298816, BD+ 62°2007) is the very long period prototype of the small 
class of ob jec ts summarized by Cowley (1969) . Relat ively br ight , i t embodies an 
0 8 V s ta r CHutchings and Wr igh t 1971) embedded in a she l l and an M2 lab 
companion w h i c h , at least s p o r a d i c a l l y , con t r i bu tes to the shel l mass. It is 
clear that the mass ra t i o is approximately unity and that the astrometr ic orb i t is 
c lose to the l im i t of g round-based c a p a b i l i t y . From v isua l and pho tograph ic 
estimates there is in format ive cont inu i ty of l igh t curve coverage outs ide ecl ipse. 
The eclipse i tsel f is a composite of body occul ta t ion plus atmospher ic a t tenuat ion 
and s c a t t e r i n g and has t w i c e been measured p h o t o e l e c t r i c a l l y . P h o t o e l e c t r i c 
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coverage ou ts ide ec l ipse has been discont inuous but su f f i c ien t to show intr insic 
v a r i a b i l i t y — presumably due to p u l s a t i o n - - o n a var ie ty of time scales. Because 
the in t r ins ic va r i ab i l i t y is most conspicuous in the red, i t may be ascribed to the 
red supergiant. 

2. PHOTOMETRY 

W i t h t h e a s s i s t a n c e o f s e v e r a l s t u d e n t s , EFG and GPM have s u s t a i n e d 
p h o t o e l e c t r i c m o n i t o r i n g of the VV Cep system since 1975, i .e. f rom before 
a p a s t r o n , t h rough pr imary ec l i p se , ascending nodal passage of the M-s ta r and 
p e r i a s t r o n , u n t i l past the secondary c o n j u n c t i o n dur ing the present observing 
season. A l t h o u g h several bandpasses were used, the red data alone fo rm the 
subject of the present repor t . They demonstrate semi - regu lar var iab i l i ty on time 
scales f rom about 50 to a few hundred days. More empha t i ca l l y , through the 
midst of these var ia t ions , there runs a longer time scale var iat ion of some 1,300 
days w i th a p e a k - t o - p e a k ampl i tude of about 0.2 mag. It is suggested that this 
is due to the t ida l d i s t o r t i o n of the M-star as seen by the observer. A display 
of th is so r t , including the "O'Connel l per iast ron e f f e c t , " has been recognized and 
successful ly model led for 32 Cyg by Guinan and McCook C19745. The code used 
fo r 32 Cyg was in i t i a l i zed for the parameters of VV Cep and was faced against 
the red l ight curve. This procedure permi t ted evaluat ion of numerous Cand part ly 
c o r r e l a t e d ) o r b i t a l and s t e l l a r p a r a m e t e r s , among them the M - s t a r rad ius 
independent ly of the ec l ipse ana lys is . The morphology of the theore t i ca l l ight 
curve so ca lcu la ted was qu i te recognizab le : an insignif icant ecl ipse, fo l lowed by 
a gradual r ise of about 0.06 mag to a maximum l ight level as the star presented 
more of i ts d i s to r ted photosphere to the observer when approaching i ts ascending 
node, succeeded by a l o c a l i z e d l igh t minimum (about 0.3 mag deep) due to the 
more near ly end -on p resenta t ion of the star around secondary conjunct ion, and 
f i n a l l y recovery to a higher l i gh t level dur ing the other nodal passage. Even 
though the c y c l e has not yet been e n t i r e l y observed , the 1 2 - y e a r coverage 
t h r o u g h the c r i t i c a l phase i n t e r va l a f t e r 1983 was be l i eved to o f f e r ample 
o b s e r v a t i o n a l we igh t to eva lua te the M - s t a r r a d i u s . Because the observed 
minimum around secondary conjunct ion was of small ampl i tude (about 0.1 mag) it 
was concluded that the f ract ional radius was of the order of 0.2a, i n w h i c h 
a. is s e m i - m a j o r ax is of the o r b i t . This value is s i g n i f i c a n t l y smaller than the 
published value of about 0.35a. 

3. POLARIMETRY 

From 1976 th rough the present , RHK and RJP have sustained linear po la r i za t ion 
mon i to r ing of VV Cep. Several bandpasses were employed but only red data are 
invoked he re . Because the sys tem ic l i g h t r a t i o in the red is so power fu l l y 
dominated by the M-s tar , any scat tered and polar ized red photons have originated 
f rom that star a l though the sca t t e r i ng may occur far f rom the star i t se l f . No 
ec l ipse e f f e c t s were de tec ted but v a r i a b i l i t y on short (about 50 days) to long 
(abou t 150 days) t ime scales was eas i l y seen. These sem i - regu la r var ia t ions 
were not consis tent ly t i m e - l o c k e d to the red l ight var ia t ions of comparable time 
scales. From the p o l a r i m e t r i c coverage in other bandpasses i t was possible to 
mode l the s c a t t e r i n g and p o l a r i z a t i o n e f f e c t s f r o m the M - s t a r ' s d i s t o r t e d 
pho tosphere , a systemic enve lope, the O -s ta r s h e l l , and f rom a stream passing 
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f rom the M- to the v i c i n i t y of the O-s ta r . Superimposed upon th is va r i ab i l i t y 
t he re appeared a t r a n s i e n t ( l a s t i n g a b o u t 400 days ) a s s o c i a t e d w i t h , but 
p r e c e d i n g , p e r i s a s t r o n passage. We cons t rue t h i s t r ans i en t to a r i se in the 
fo l lowing way. Because the orb i t is qui te eccentr ic Ce - 0 . 3 5 ) , the dimensions of 
the Roche Lobes scale themselves cont inuously to the changing radius vector in a 
f i r s t app rox ima t ion . The publ ished rad ius of the M-s ta r (der ived f rom ecl ipse 
analysis and sub ject , of course, to a l l i ts other intr insic var iab i l i t y ) f i r s t attains 
Roche Lobe con tac t just be fore pe r i as t ron and th i s resu l t s in substant ia l mass 
o u t f l o w . Because the o r i e n t a t i o n of the e l e c t r i c v e c t o r does not su f f e r a 
s igni f icant t ransient , i t is possible to say that the greatest concentrat ion of the 
gas is conf ined to the o rb i t a l plane but some 3-d imensional over f low must also 
occur. This par t i cu la r t ransient , then, o f fe rs evidence for the large radius of the 
M-star already in the l i te ra ture . 

4. CONCLUSIONS 

We have been ab le to r e c o n c i l e the pho tome t r i c d i s t o r t i o n c la im for a small 
M-star and the eclipse plus spectroscopic plus polar imetr ic requirement for a large 
one by the f o l l o w i n g reasoning. The va l id i t y of the d i s t o r t i o n l ight curve code 
is i n t a c t on ly as long as no s u b s t a n t i a l o u t f l o w o c c u r s . If the p e r i a s t r o n 
encoun te r r e s u l t s in l a rge o u t f l o w , the requ i rement of a s u b s t a n t i a l l i g h t 
minimum through the f o l l ow ing phase interval cannot be sustained. This interval 
is the sensit ive one demanding a sma l l - s i ze star. The polar imetry by i tsel f gives 
ample evidence of a scat ter ing envelope. Because the in t r ins ic red po la r i za t i on 
is of the order of 0 .75%, the sca t te red r a d i a t i o n level must be much greater 
than 1%. M-s tar photons sca t te red f rom the envelope subs tan t ia l l y above and 
below the o r b i t a l plane w i l l mimic a more spher ica l , l ess -d i s to r t ed star leading 
to an inference of a small radius for the given g. Th is p o s s i b l e i n t e r p r e t a t i o n 
may be checked numer ica l l y : if the observed and theo re t i ca l ampl i tudes of the 
l oca l l i gh t minimum are taken at face va lue , a s imple c a l c u l a t i o n leads to a 
scat tered red l i gh t level of about 0 .7L (M-s ta r ) . This value is incredib ly large. 
We c o n c l u d e t h a t the absence o f the t h e o r e t i c a l l y - e x p e c t e d p h o t o m e t r i c 
d i s t o r t i o n e f f e c t is caused predominant ly by the o v e r f l o w i n g M-s ta r envelope 
d i f fus ing into a quas i -spher ica l d i s t r i bu t i on and that the M-s tar radius rea l ly is 
of the o r d e r o f s i z e g i v e n by the e c l i p s e and s p e c t r o s c o p i c a n s l y s e s . 
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