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ABSTRACT. M o l e c u l a r l i n e o b s e r v a t i o n s show that some p l a n e t a r y nebulae 
a r e s t i l l only p a r t i a l l y i o n i z e d and are surrounded by the remains of 
the mass l o s s envelope shed by the preced ing AGB s t a r . The mass l o s s 
r a t e s and out f l ow v e l o c i t i e s of these envelopes are s i m i l a r to those of 
the cool winds from luminous AGB s t a r s . Both the kinematics of carbon 
s t a r s and o b s e r v a t i o n s of the molecular envelopes around young 
p l a n e t a r i e s show that the carbon s t a r p r o g e n i t o r s have a wide range of 
ages and of mass l o s s r a t e s . There i s i n c r e a s i n g evidence that a 
s i g n i f i c a n t f r a c t i o n of AGB s t a r s are carbon s t a r s and that these 
p r o v i d e a s u b s t a n t i a l c o n t r i b u t i o n to the t o t a l mass re turned to the 
i n t e r s t e l l a r medium. 

I . INTRODUCTION 

The advent of i n f r a r e d and m i l l i m e t e r - w a v e l e n g t h astronomy in the pas t 
twenty years has a l l o w e d the study of the c o o l , dusty molecular winds 
shed by asymptot ic g i a n t branch s t a r s . These o b s e r v a t i o n s y i e l d a 
wea l th of in format ion r e l a t i n g to many aspects of g a l a c t i c and s t e l l a r 
e v o l u t i o n and of the chemistry of the i n t e r s t e l l a r medium. Such top ics 
as the r a t e of mass r e t u r n , the chemical composit ion of the re turned 
mass, and the format ion of dust are under i n t e n s i v e s tudy . 

Mass l o s s from an AGB s t a r takes p l a c e , to zeroth o r d e r , as a 
s p h e r i c a l l y symmetric, s teady wind whose out f low v e l o c i t y becomes 
constant at d i s tances of a few s t e l l a r r a d i i . Observed va lues of the 
wind v e l o c i t i e s range from 3 to 80 km/sec , but most o b j e c t s observed so 
f a r have winds wi th v e l o c i t i e s of 10-25 km/sec. The mass l o s s r a t e s 
l i k e w i s e have a l a r g e r a n g e , a few χ 10~S M0 y r ~ 1 to > 10"^ M@ yr~ 
but " t y p i c a l " va lues are in the few χ 10"6 to 10" 5 M0 yr~ 1 r a n g e . 

These winds are observed in t h e i r i n f r a r e d excess due to d u s t , the 
s i l i c a t e and SiC a b s o r p t i o n or emiss ion f e a t u r e s , and v i a a l a r g e 
number of molecu lar l i n e s . Of these , the most u s e f u l f o r s t u d i e s of 
mass l o s s r a t e s e t c . are the CO r o t a t i o n a l m i l l i m e t e r and 
s u b - m i l l i m e t e r l i n e s , which are observed from both carbon s t a r s and M 
s t a r s ( s t a r s with n ( 0 ) > n ( C ) , h e r e a f t e r "oxygen" s t a r s ) , and the 1612 
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MHz OH maser l i n e , observed from oxygen s t a r s o n l y . There can now be 
l i t t l e doubt that I t I s th i s mass shed by the AGB s t a r which is 
d e s t i n e d to become a p l a n e t a r y nebula as i t becomes I o n i z e d by the hot 
degenerate core at the end of the mass l o s s phase; s e v e r a l p l a n e t a r y 
nebulae s t i l l have the remains of the c i r c u m s t e l l a r molecular e n v e l o p e , 
as shown by o b s e r v a t i o n s of the CO l i n e s , H 2 emiss ion , OH maser 
emis s ion , and d u s t . 

The r e s u l t i n g mass - loss envelopes can reach c o n s i d e r a b l e e x t e n t s , 
> 1 pc in r a d i u s , b e f o r e be ing p h y s i c a l l y truncated by the i n t e r s t e l l a r 
p r e s s u r e or chemica l ly truncated by u l t r a v i o l e t r a d i a t i o n . The r a d i a l 
s t r u c t u r e of the o b j e c t s thus contains informat ion about t h e i r time 
e v o l u t i o n , which i s now be ing e x p l o i t e d as h i g h - r e s o l u t i o n instruments 
come on l i n e . This rev iew w i l l f i r s t summarize the o b s e r v a t i o n a l data 
f o r carbon s t a r s . The l o c a l g a l a c t i c kinematics and d i s t r i b u t i o n w i l l 
then be compared with those of p l a n e t a r y n e b u l a e . The d i s t r i b u t i o n of. 
the chemical composit ion of p l a n e t a r y nebulae w i l l be compared with 
that of AGB s t a r s , and f i n a l l y o b s e r v a t i o n s of p l a n e t a r y nebulae which 
s t i l l conta in molecular m a t e r i a l w i l l be d i scussed and an e v o l u t i o n a r y 
sequence c o n s t r u c t e d . 

I I . OBSERVATIONAL DATA - GLOBAL CO PROFILES 

From the point of view of the appearance of the CO p r o f i l e s , oxygen 
s t a r s , S s t a r s , carbon s t a r s and p l a n e t a r y nebulae are i d e n t i c a l . 
F i g u r e 1 shows the C O ( l - O ) l i n e p r o f i l e s f o r IRC+00509 (oxygen s t a r ) , 
CIT6 ( c a r b o n s t a r ) , RY Dra ( carbon s t a r ) and NGC7027 ( p l a n e t a r y 
n e b u l a ) , measured with the AT&T B e l l L a b s . 7m t e l e s c o p e . These 
p r o f i l e s g ive the c e n t r a l v e l o c i t y and v e l o c i t y width of the o u t f l o w , 
and the i n t e n s i t y a l s o g ives the mass loss r a t e . A few years a g o , 
o b s e r v a t i o n a l s e n s i t i v i t y l i m i t s meant that only the s t a r s which had 
the h ighes t mass l o s s r a t e s ( o r those few which are very nearby , <200 
p c ) were detec ted in the CO l i n e , and the sample of AGB s t a r s f o r which 
these data were a v a i l a b l e was u n r e p r e s e n t a t i v e . This i s s t i l l somewhat 
t r u e , but i s r a p i d l y improving . The very s u c c e s s f u l IRAS s a t e l l i t e 
miss ion (Neugebauer et a l . 1984) prov ided a very l a r g e sample of t a r g e t 
evo lved s t a r s (Olnon et a l . 1984) which are be ing i n t e n s i v e l y observed 
in the CO and OH l i n e s (Zuckerman and Dyck 1986a,b; Habing and te 
L i n t e l Hekkert 1987; Eder et a l . 1987) . In a d d i t i o n , o b s e r v a t i o n a l 
s e n s i v i t y has g r e a t l y improved f o r CO o b s e r v a t i o n s , making a c c e s s i b l e 
measurements of a w ider range of mass l o s s ra te s ( e . g . O lo f s son et a l . 
1987) . At the present t ime, CO emiss ion has been detected from over 
two hundred evo lved s t a r s , i n c l u d i n g n e a r l y twenty p l a n e t a r y - and 
p r o t o - p l a n e t a r y n e b u l a e , and e v e n t u a l l y i t i s l i k e l y that d e t e c t i o n s of 
s e v e r a l hundred s t a r s w i l l be made. 

I I I . THE LOCAL KINEMATICS OF CARBON STARS 

The huge data base on the mid-and f a r - i n f r a r e d emiss ion from carbon 
s t a r s prov ided by the IRAS s a t e l l i t e (IRAS Point Source C a t a l o g 1985) 
has l ed to the study the g a l a c t i c d i s t r i b u t i o n of evo lved s t a r s . 
Recent ana lyses have been undertaken by Thronson et a l . ( 1 9 8 7 ) , 
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F i g u r e 1. C O ( l - O ) l i n e p r o f i l e s of RY Dra ( carbon s t a r ) , 
NGC7027 ( p l a n e t a r y n e b u l a ) , CIT6 ( carbon s t a r ) and 
IRC+00509 (oxygen s t a r ) measured with the AT&T B e l l 
L a b o r a t o r i e s 7m t e l e s c o p e . 

Claussen et a l . (1987) and Wil lems and de Jong ( 1 9 8 7 ) . What i s needed 
a t present i s a measure of the a b s o l u t e luminos i ty ( o r luminos i ty 
f u n c t i o n ) of carbon s t a r s . The present d i s c u s s i o n concentrates on the 
l o c a l d i s t r i b u t i o n , i . e . the s c a l e he ight and v e l o c i t y d i s p e r s i o n of 
the l o c a l carbon s t a r s . 

F i g u r e 2 shows the r a d i a l v e l o c i t y h i s togram f o r carbon s t a r s , 
where the r a d i a l v e l o c i t i e s are measured us ing the C O ( l - O ) or ( 2 - 1 ) 
l i n e s . The present set of o b s e r v a t i o n s has f a i r l y good sky c o v e r a g e . 
Whi l e o b j e c t s in the northern hemisphere have been more e x t e n s i v e l y 
o b s e r v e d , the coming on l i n e of the s u b m i l l i m e t e r t e l e scopes on Hawaii 
has enabled searches f o r CO emiss ion to be extended as f a r south as δ • 
- 6 0 ° ( P h i l l i p s et a l . 1987) . The data in F i g u r e 2 are taken from 
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F i g u r e 2. Histogram of r a d i a l v e l o c i t i e s with respect to the 
L o c a l Standard of Rest f o r carbon s t a r s with | b | > 10° · The 
r a d i a l v e l o c i t i e s are measured us ing emission in the CO J = 
1-0 and 2-1 l i n e s · 

papers by A r q u i l l a et_ al_. ( 1 9 8 7 ) , Leahy et a l . ( 1 9 8 7 ) , Rieu et a l . 
( 1 9 8 7 ) , Huggins and He'aly ( 1 9 8 6 a , b ) , Knapp and M o r r i s ( 1 9 8 5 ) , Knapp 
(1986, and u n p u b l i s h e d ) , O lo f s son et a l . ( 1 9 8 7 ) , P h i l l i p s et a l . , 
( 1 9 8 7 ) , Wannier and Sahai ( 1 9 8 7 ) , Zuckerman and Dyck ( 1 9 8 6 a , b f T 9 8 7 ) 
and Zuckerman, Dyck and Claussen ( 1 9 8 6 ) , and t o t a l 209 o b j e c t s . For 
F i g u r e 2, only s t a r s with | b | > 10° are p l o t t e d , to avo id g a l a c t i c 
r o t a t i o n e f f e c t s . Assuming that the v e l o c i t i e s are i s o t r o p i c , 
a ( 3 - d i m e n s i o n a l ) 8 8 39 .3±5 .9 km/sec f o r the carbon s t a r s . F i g u r e 2 a l s o 
shows th i s g a u s s i a n p l o t t e d on top of the h i s togram. I t i s a 
r e a s o n a b l e f i t , though the data m a r g i n a l l y suggest the presence of 
components of d i f f e r e n t v e l o c i t y d i s p e r s i o n . A s l i g h t l y h i g h e r v a l u e , 
α = 4 9 . 5 ± 6 . 7 km/sec , i s found f o r the oxygen s t a r s , s u g g e s t i n g that 
the m a s s - l o s i n g carbon s t a r s a r e , as a group , m a r g i n a l l y younger than 
the oxygen s t a r s . 

Zuckerman and Dyck (1986b) have pointed out that carbon s t a r s wi th 
l a r g e out f low v e l o c i t i e s tend to be found c l o s e to the g a l a c t i c p l a n e , 
implying that they have a smal l s c a l e he ight and t h e r e f o r e a r i s e from a 
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F i g u r e 3* Mean expansion v e l o c i t y for winds from carbon 
s t a r s , binned by the g a l a c t i c l a t i t u d e of the s t a r s . 

p o p u l a t i o n of l a r g e r p r o g e n i t o r mass. This trend i s i l l u s t r a t e d in 
F i g u r e 3, where the mean carbon s t a r out f low v e l o c i t y i s p l o t t e d versus 
l a t i t u d e . These data suggest that carbon s t a r s , l i k e oxygen s t a r s , 
have a range of p r o g e n i t o r masses and hence a range of a g e s . 

The three -d imens iona l v e l o c i t y d i s t r i b u t i o n of l o c a l carbon s t a r s 
has a d i s p e r s i o n of ~ 4 0 km/sec. From the compi lat ion of Mihalas and 
Binney ( 1 9 8 1 ) the p r o g e n i t o r mass of the carbon s t a r i s l i k e l y to be ~ 
1 · 5 M Q , in agreement with the conc lus ions of Claussen et a l ( 1 9 8 7 ) · 
This v e l o c i t y d i s p e r s i o n i s s i g n i f i c a n t l y l e s s than that of o p t i c a l l y -
observed carbon s t a r s ( 5 6 km/sec, Mihalas and Binney 1 9 8 1 ) or of 
p l a n e t a r y nebulae and white dwarfs ( ~ 6 0 k m / s e c ) . This i s f u r t h e r 
ev idence that carbon s t a r s a r i s e from a range of p r o g e n i t o r masses; 
those l o s i n g mass cop ious ly enough to detect in the CO l i n e have h i g h e r 
p r o g e n i t o r masses than the average carbon s t a r . 

I V . THE FRACTION OF AGB STARS WHICH ARE CARBON STARS 

Zuckerman and A l l e r ( 1 9 8 6 ) have shown t h a t , of the p l a n e t a r y nebulae 
wi th r e a s o n a b l y we l l -measured abundances , more than 50% have n ( C ) > 

https://doi.org/10.1017/S0074180900138781 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900138781


386 

n ( 0 ) . There is now growing evidence that many (most?) AGB s t a r s may 
evo lve from "oxygen" to carbon s t a r s . ( 1 ) Wil lems and de Jong (1986) 
and L i t t l e - M a r e n i n (1986) have shown that some J- type carbon s t a r s have 
s i l i c a t e dust in t h e i r e n v e l o p e s , s u g g e s t i n g that the s t e l l a r 
atmosphere has j u s t changed composit ion from oxygen to c a r b o n - r i c h 
composit ion ( t h i s work i s a good example of the s t e l l a r h i s t o r y which 
can be deduced from o b s e r v a t i o n s of the envelope p r o p e r t i e s at 
d i f f e r e n t r a d i i ) . ( 2 ) The J- type carbon s t a r s a l s o have h igh va lues of 

1 3 C / 1 2 C ( ~ 1:10, e . g . Lambert et a l . ( 1 9 8 6 ) . While many carbon s t a r s 
have low values of 1 3 C / ^ 2 C ( ~ l : 5 0 - f 5 0 , Knapp and Chang 1985, Lambert 
et a l . 1986) due to the dredge-up of 3a burning p r o d u c t s , oxygen s t a r s 
have much h i g h e r values ( ~ 1:4-20, r e f erences c i t e d a b o v e ) due to the 
product ion of 1 3 C dur ing main sequence CNO b u r n i n g . A g a i n , these data 
sugges t that J - type carbon s t a r s may be e v o l v i n g from oxygen to 
c a r b o n - r i c h compos i t ion . 

The f r a c t i o n of AGB s t a r s which are found to be carbon s t a r s 
v a r i e s depending on the technique used f o r the o b s e r v a t i o n s : 

Sample Fract 

O p t i c a l AGB s t a r s 
IRAS s o u r c e s , S ^ > 28 Jy 
IRAS s t a r s , | b | > U 6 0 ° 
S tars with IRAS LRS s p e c t r a 

(>2Jy at 12 M ) 
AGB s t a r s detected in CO l i n e s 
P l a n e t a r y nebulae with w e l l -

observed abundances 

Stars as 
on of T o t a l Reference 

few % Feast (1987) 
13% Hacking et a l . (1985) 
25% Knapp & W i l c o f s (1987) 
25% IRAS Science Team (1986) 

-50% 
-60% Zuckerman & A l l e r (1986) 

Carbon g r a i n s are s t r o n g l y a b s o r b i n g r e l a t i v e to s i l i c a t e g r a i n s 
( D r a i n e and Lee 1984) so i t i s not s u r p r i s i n g that carbon s t a r s are 
p o o r l y represen ted in o p t i c a l s u r v e y s . On the other hand, the CO 
abundance i s g r e a t e r in carbon than in oxygen s t a r s and so carbon s t a r s 
a r e more e a s i l y detec ted by CO o b s e r v a t i o n s . N e v e r t h e l e s s , the above 
compi la t ion sugges t s that in t o t a l carbon s t a r s may be s i g n i f i c a n t 
f r a c t i o n ( c l o s e to 50%?) of a l l AGB s t a r s , c o n t r i b u t e a s i g n i f i c a n t 
f r a c t i o n of re turned mass to the i n t e r s t e l l a r medium, and form a 
s i g n i f i c a n t f r a c t i o n of the p l a n e t a r y n e b u l a e . 

V . MOLECULAR ENVELOPES AROUND PLANETARY NEBULAE 

The l i n k between AGB s t a r s and p l a n e t a r y nebulae i s most d i r e c t l y seen 
from the presence of the remnants of the AGB molecular envelopes around 
some p l a n e t a r i e s , the best known case be ing that of NGC7027 (Mufson , 
Lyon and Marionni 1975) . The expansion of the i o n i z a t i o n f r o n t i n t o 
the n e u t r a l c i r c u m s t e l l a r c loud has been measured by Masson (1986) f o r 
t h i s nebula and by Kwok and Feldman (1981) f o r CRL618. Further 
ev idence of the i n t e r a c t i o n between i o n i z a t i o n f r o n t s and c i r c u m s t e l l a r 
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m a t e r i a l Is seen in emiss ion from shock-exc i t ed H 2 in many nebulae 
( e . g . Zuckerman and Gat l ey 1987) . 

In a d d i t i o n to p l a n e t a r y nebulae with c i r c u m s t e l l a r molecular 
c l o u d s , there are s e v e r a l c i r c u m s t e l l a r envelopes surrounding s t a r s of 
much e a r l i e r type than M, and these may be e v o l v i n g towards the 
p l a n e t a r y nebula phase . Examples of such o b j e c t s are IRC+10420 (whose 
envelope i s oxygen r i c h ) and CRL2688 ( carbon r i c h ) . CO o b s e r v a t i o n s of 
o ther p o s s i b l e examples of th i s c l a s s ( P a r t h a s a r a t h y and Pot tash 1986) 
have found molecular c i r c u m s t e l l a r m a t e r i a l in the CO l i n e ( L i k k e l 
e t a l . 1987) . A l i s t of p l a n e t a r y and p r o t o - p l a n e t a r y nebulae detec ted 
i n the CO l i n e i s g iven be low. 

CO Observat ions of P l a n e t a r y and P r o t o - P l a n e t a r y Nebulae 

M 
Objec t ( Μ Θ y r - 1 ) Type Chemistry Reference 

CRL618 7 . 7 x 1 0 - 5 PN C 1 
NGC2346 1 . 0 x 1 0 - 5 PN C 2 , 3 , 4 , 5 

Vy2-2 2 . 4 x 1 0 - ^ PN 0 1,6 
IRC+10420 3 . 0 x 1 0 - ^ PPN 0 1,7,8 
Ml-92 3 . 3 x 1 0 - 5 PPN 0 6,9 
NGC7027 l . l x l O - 4 * PN C 1.2 

CRL2688 1 . 6 x 1 0 - ^ PPN C 1 
NGC6302 5 . 7 x 1 0 - 5 PN 0 10,12 

NGC7293 - 1 0 - 5 PN C 2,11 

NGC6720 - 2 x 1 0 - 5 PN 0 2,4 
CPD-56°8032 1 . 3 x 1 0 - 6 PN C 13 

HD161796 1 0 - 5 PPN 14 
89 Her 6 x 1 0 - 7 PPN 14 
CRL2343 7 x 1 0 - 5 PPN 14 

SA0163075 4 x 1 0 - 6 PPN C? 13,14 

R e f e r e n c e s : 1. Knapp and M o r r i s 1985, and r e f e r e n c e s t h e r e i n , 2. 
Pot tasch 1980, 3 . Walsh 1982, 4. Huggins and Healy 1986b, 5. Knapp 
1986, 6. Seaquis t and Davis 1983, 7. Bowers 1984, 8. Diamond 
et a l . 1985, 9. Davis et a l . 1979, 10. Zuckerman and Dyck 1987, 
11. Huggins and Healy 1986a, 12. Payne, P h i l l i p s and T e r z i a n 1987, 
13. P h i l l i p s et a l . 1987, 14. L i k k e l et^ a l . 1987. 

H e r e , a p l a n e t a r y nebula i s de f ined as one in which ion ized gas i s 
a l r e a d y p r e s e n t , wh i l e a p r o t o - p l a n e t a r y nebula i s a molecu lar c loud 
surrounding an evo lved s t a r of type e a r l i e r than M ( e . g . 89 Her i s an F 
s u p e r g i a n t ) but in which the i o n i z a t i o n of the gas has not yet begun. 
There are e i g h t p l a n e t a r i e s c u r r e n t l y detected in the CO l i n e s . Of 
s p e c i a l i n t e r e s t i s the recent CO de tec t ion of the p r o b a b l e low-mass 
p l a n e t a r y nebula CPD-56°8032 ( P h i l l i p s et a l . 1987) . 

The o b j e c t s l i s t e d in the above t a b l e have both oxygen-r i ch 
chemistry ( e . g . NGC6302, Vy2-2 ) and c a r b o n - r i c h chemistry ( e . g . 
NGC7027, CPD-56°8032) . F u r t h e r , they have a range of p r o g e n i t o r 
masses . The t o t a l mass of NGC7027 i s l i k e l y to be > 3 M Q , wh i l e 
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CPü-56°8032 may be a popu la t ion I I o b j e c t . Thus carbon s t a r s , l i k e M 
s t a r s have a range of p r o g e n i t o r masses, and both oxygen and carbon 
s t a r s become p l a n e t a r y n e b u l a e . Oxygen and carbon s t a r s may form a 
p a r a l l e l sequence on the AGB, and not a l l oxygen s t a r s become carbon 
s t a r s · 

V I . EVOLUTION TO PLANETARY NEBULAE 

There i s i n c r e a s i n g evidence t h a t , whatever the fundamental cause of 
mass loss on the AGB, the envelope dynamics are dominated by r a d i a t i o n 
p r e s s u r e on dust g r a i n s which form in the extended s t e l l a r atmospheres . 
A requirement f o r r a d i a t i o n pres sure dr iven winds i s MvQ < k L Ä / c , where 
k is a number of order 1 and L* is the s t e l l a r luminos i ty . Values of M 
can be found from CO o b s e r v a t i o n s ; since, both the observed CO l i n e 
s t r e n g t h and the s t e l l a r boloraetr ic fJux are ~ D ~ 2 > where D is the 
d i s t a n c e , one can take the r a t i o β = MV Q C /L* and r e q u i r e that β < I. 
In t h i s way, the d i s t a n c e , the l a r g e s t source of u n c e r t a i n t y , drops out 
of the problem. A compi la t ion of mass l o s s ra tes by Knapp (1986) 
showed that a very l a r g e f r a c t i o n of AGB s t a r s detected in molecular 
l i n e emiss ion have va lues of 3 w i t h i n a f a c t o r of 3 ( the o b s e r v a t i o n a l 
u n c e r t a i n t y ) of 1 whi l e the remainder have β < 1. Thus a m a j o r i t y of 
the envelopes from which molecular emiss ion i s detected are l o s i n g mass 
at the r a d i a t i o n p r e s s u r e l i m i t . 

There a r e , however, a few except ions with β » 1· A l l of these 
have c e n t r a l i o n i z e d reg ions ( i . e . are young p l a n e t a r y n e b u l a ) and a l l 
of the nebulae in the sample have β » 1 except Vy2-2 and CPD-56° 8032. 
This o b s e r v a t i o n a l l o w s us to e x p l o i t the in format ion about the 
e v o l u t i o n a r y h i s t o r y of the s t a r c a r r i e d by the s t e l l a r w ind . The 
molecu lar l i n e o b s e r v a t i o n s t e l l us what the mass - loss r a t e used to be 
~ 10^ years a g o , wh i l e the bo lometr i c f l u x t e l l s us what the s t e l l a r 
luminos i ty is now. The va lue of β thus t e l l s us the minimum luminos i ty 
drop between the red g ian t branch and the present e v o l u t i o n a r y s ta tus 
of the s t a r . F i g u r e 4 shows β versus the present s p e c t r a l type of the 
c e n t r a l s t a r . We can see s t a r s both on Schönberner's (1987) Η-burning 
( cons tant l u m i n o s i t y ) t racks as w e l l as s t a r s f o r which the luminos i ty 
drops a b r u p t l y at the onset of p l a n e t a r y nebula format ion , and are 
t h e r e f o r e f a i r l y massive ( c f . Paczynski 1971) . 

I am very g r a t e f u l to Tom P h i l l i p s , Hans O l o f s s o n , Mike Jura and Ben 
Zuckerman f o r access to t h e i r data b e f o r e p u b l i c a t i o n . This work i s 
supported by NSF grant AST87-02945 to Pr ince ton U n i v e r s i t y . 
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F i g u r e 4. Luminosity decrease f o r PN and PPN versus 
approximate s p e c t r a l type . The s t a r s are ( 1 ) and ( 2 ) 
IRC+10011 and IRC+10216, mass l o s i n g AGB s t a r s ( 3 ) IRC+10420 
( 4 ) CRL2688 ( 5 ) CPD-56°8032 ( 6 ) Vy2-2 ( 7 ) Ml-92 ( 3 ) CRL618 
( 9 ) N7027 ( 1 0 ) N6302 ( 1 1 ) N7293 ( 1 2 ) N6720 ( 1 3 ) N2346. 
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