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Recent observations of nuclei of planetary nebula have shown that 
some of the central stars are binaries and even close binaries with 
periods of hours to few days. 

Theories of PN formation discuss only the formation of a nebula 
from a single star. Recently Livio et al. (1979) (LSS) have discussed 
the possible formation of a PN with a close binary central system. The 
basic idea is that the system started as a widely separated binary. 
The process of mass transfer from the red giant to the companion main 
sequence star, the ejection of gaseous nebula and the decrease in sepa
ration occur simultaneously. The sequence of events is as follows: the 
red giant starts to lose mass to the secondary when they are widely 
separated. The secondary expands and overflows the outer critical 
surface passing through the second Lagrange point L2* An instability 
arises in which matter flows out of the system through L2. A steady 
state is established in which matter flows through Li, the secondary 
tries to expand and matter flows out via L2. A crucial point is that 
the timescale for the whole process described above is the same as the 
timescale for the disappearance of the ejected nebula. 

Here we report on some further calculations on the form of mass 
loss. LSS assume particle trajectory for which the angular momentum 
loss per unit mass d £n J/d Jtn m = 1.7(l+q)2/q where q is the mass 
ratio. This expression was derived by Kuiper (1941) and verified 
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l a t e r by Naria i (1975) and Lin (1977). The t reatment was, however, 
c r i t i c i z e d by Prendergast (1960). Prendergast claims t h a t s ince the 
mean free path of the p a r t i c l e s i s very much smaller than the o r b i t a l 
separa t ion the s ing le p a r t i c l e approximation i s not j u s t i f i e d . 

We have there fore reformulated the Lubow and Shu (1975) hydrody-
namic equat ions and s e r i e s expansion and adopted them to the case of 
outflow from L2. The bas ic assumptions a re : (1) the expansion parame
ter i s e = v s o u n d i s o t h e r m a l / v o r b i t a l « 1 > ( 2 ) t h e z e r o order equat ion i s 
the s ing l e p a r t i c l e equat ion . (3) Assume the following nondimensional 
u n i t s : l eng th=separa t ion , v e l o c i t y - o r b i t a l v e l o c i t y so t h a t vSQUn(j=e. 
Then s t reaml ines o r i g i n a t e from an z neighborhood of L2 with | v | = £• 
The e j e c t i o n angle i s given by the asymptotic so lu t ion of the l i n e a r 
ized three-body problem. (4) The system of coord ina tes i s d i s t ance 
from L2 (along the s t r e a m l i n e ) , the normal to the flow in the p lane , 
and the normal to the plane of motion. (5) Hydros ta t ic equi l ibr ium 
perpendicular to the o r b i t a l plane was assumed. 

Our pre l iminary r e s u l t s are tha t for low i n i t i a l e the alignment 
and subsequent motion are p r a c t i c a l l y independent of Vj[ n i t i a l # N° 
disk i s formed, the s t reaml ines do not i n t e r s e c t for some range of 
parameters used in the model. There are few percent c o r r e c t i o n s to v . 

F ina l ly we would l i k e to draw a t t e n t i o n to a few poss ib le c a n d i 
d a t e s . Bas ica l ly we should expect a nonspher ical PN. Livio (1979) 
has compiled a l i s t of poss ib le cand ida tes ; l e t me br ing th ree ex
amples of such ob j ec t s : 

NGC 1360 (220-53°!) 
CPD-26 389 i s a s i ng l e l i n e spec t roscopic binary with a 
period of 8 days and mass function of 0.19 MQ. The nebula i s 
non - sphe r i ca l . 

UU S a g i t t a e , Abel 63 
This i s an e c l i p s i n g binary with P = 0 .465 d , Mi = 0.9 Mo, 
M2 = 0.7 MQ. The nebula i s very n o n - s p h e r i c a l . 

NGC 2346 
This is an A0 plus an 0 subdwarf with variable radial 
velocity. Non-spherical nebula. 

Why do we see few PN with CBS? There exists a compromise between 
the reduction in separation and the ejected mass. When the ejected 
mass is large a very close contact binary is formed. The less massive 
star may dissipate completely and the hot central star may cool before 
the nebula becomes transparent. On the other hand, if the ejected 
mass is small the nebula becomes transparent very quickly and the 
stars remain widely separated. 
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DISCUSSION FOLLOWING SALTZMAN, LIVIO AND SHAVIV 

Shu: In our paper (Shu, Lubow, and Anderson, Ap. J., 229, 223, 
1979) on mass and energy flows in contact binaries, we presented our 
1975 unpublished results on the same problem. You may be interested in 
comparing your results with those tabulated in our paper. In particu
lar, we found that mass could be ejected all the way to infinity only 
for a range of mass ratios between 0.064-0.78. 

Tutukov; L2 was determined only for solid body rotation systems 
But to have solid body rotation at least several thermal time scales 
must pass. The envelope of the primary (at least in the case B systems) 
expands in the same or shorter time scale The original big common 
envelope seems rather possible in this case. Did you consider this 
case? 

Nariai: V Sgr and HD 30353 that are hydrogen-deficient binaries 
eject mass through the Lagrangian point. When I was studying these 
stars twelve years ago, I thought that a similar mechanism could be 
applied to the formation of planetary nebulae. But I could not follow 
the problem further because of the difficulty in observing the planetary 
nuclei at that time. I am very happy today to hear that Dr. Shaviv 
is trying to apply the mechanism to the formation of planetary nebulae 
with the recent results of observations. 
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