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To rev i ew or attempt to summarize a conference such as th i s 
r e c a l l s the request our department o f f i c e once rece ived from a l i t t l e 
f o u r t h - g r a d e s c h o o l g i r l : "I'm doing a sc ience p r o j e c t on the s t a r s . 
T e l l me a l l about them on two p a g e s . " We can only t r y to look at the 
broad p i c t u r e and attempt to i d e n t i f y problems that r e q u i r e s p e c i a l 
emphasis or a t t e n t i o n . 

F i r s t of a l l , I ' d l i k e to remark on the wide geographic 
d i s t r i b u t i o n of p l a n e t a r y nebulae e n t h u s i a s t s . In a d d i t i o n to c a p a b l e , 
w e l l - o r g a n i z e d and w e l l - l e d groups at l a r g e r centers such as Groningen, 
London, and Mexico Ci ty ( t o mention only t h r e e ) , there are outs tanding 
i n v e s t i g a t o r s at many other p l a c e s , f o r example in South America and 
I n d i a . One has only to g lance at the b i b l i o g r a p h y of the new 
comprehensive p l a n e t a r y nebular ca ta logue by Acker et a l . , — a t r u l y 
f o r m i d a b l e undertaking — to a p p r e c i a t e th i s p o i n t . L ike the whole 
s c i ence of astronomy, PN research i s an endeavor in which the whole 
w o r l d can r e j o i c e . 

Impress ive advances have been made both in theory and o b s e r v a t i o n , 
the l a t t e r p r o v i d i n g foundat ions for the former. New techno log ie s now 
permit d e f i n i t i v e a t tacks on a broad range of problems. Developments 
i n CCD's make p o s s i b l e q u a n t i t a t i v e monochromatic d i r e c t imaging of PN 
as i l l u s t r a t e d by the b e a u t i f u l p i c t u r e s shown to us by Bruce B a l i c k , 
Ms. Chu, J. Jacoby and a s s o c i a t e s , by J. L u t z , and many other 
p a r t i c i p a n t s , p a r t i c u l a r l y in the pos ter s e s s i o n s . A p p l i c a t i o n s to 
h i g h - d i s p e r s i o n spectroscopy as in the outs tanding survey of the 
i n f r a r e d spectrum of NGC 7027 by D. Pequinot and R . B . Gruenwald and 
the remarkable é c h e l l e s p e c t r a of p l a n e t a r y nebulae n u c l e i (PNN) by 
J . K . McCarthy are two examples of the power of new techniques that w i l l 
open i n s p i r i n g v i s t a s to PN i n v e s t i g a t o r s . These CCD de tec tors a l s o 
e n a b l e the en thus ias t f o r nebu lar kinematics to detect h e r e t o f o r e 
unknown speedy b lobs in many n e b u l a e . 

IRAS d a t a , d e s c r i b e d by A. P r e i t e - M a r t i n e z c o n s t i t u t e one of the 
t r u l y g r e a t l eaps forward in PN study. The survey covered 98% of the 
sky from 8 to 12 ym. A l a s , NGC 7027 was missed! The survey provided 
energy d i s t r i b u t i o n s f o r 70 PN, l o w - r e s o l u t i o n s p e c t r a (LRS) f o r 60 PN, 
and d e t a i l e d maps f o r three l a r g e o b j e c t s , i n c l u d i n g NGC 7293. These 
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IRAS data proved fundamental for determinat ions of temperatures , 
e n e r g e t i c s , and s p a t i a l spread of dus t . I t a l s o detected ha los at 
^ > 50 Mm. IRAS suppl i ed very important abundance in format ion for Ne, 
S, and A r , whose ions have h e r e t o f o r e been observed with d i f f i c u l t y 
from the ground. S p a t i a l d i s t r i b u t i o n of [0 I V ] in NGC 7293 has been 
measured. Much more informat ion remains to be e x t r a c t e d from the IRAS 
t a p e s . P r e i t e - M a r t i n e z and Pottasch est imate that more than 500 
o b j e c t s , both PN and p r o t o - P N , observed In the f a r - I R , remain to be 
confirmed with r a d i o and n e a r - I R o b s e r v a t i o n s . 

As IR a r r a y s are developed and a p p l i e d to PN problems we can make 
d e t a i l e d maps of the dust d i s t r i b u t i o n and compare them with maps made 
In the r a d i o - f r e q u e n c y ( r . f . ) domain which shows the H+ gas 
d i s t r i b u t i o n . Roche noted that by comparing Images of Bracket t and of 
dust In nebulae such as BD + 30°3639 and NGC 7027, one f inds that the 
dust and gas do not peak In e x a c t l y the same p l a c e s . In NGC 7027 the 
dust peaks j u s t outs ide the H+ r e g i o n a l though some must e x i s t t h e r e i n . 
N e b u l a r images In hot dust can be found in NGC 7027, but we need to 
know where the cool dust that r a d i a t e s in the 30- to 100-m r eg ion i s 
l o c a t e d . 

With the VLA, Terz ian notes that i t i s p o s s i b l e to construct r . f . 
I s o p h o t l c maps with a r e s o l u t i o n between 0.1 and 1.0" not only In the 
H I I (H+) continuum but a l s o In H I ( o b s e r v e d In NGC 6302, IC 418, and 
IC 4997) and In the OH 1612 Mhz maser l i n e seen In Vy 2-2 ( a very young 
PN) and In NGC 6302. Important progres s Is being made In s tudying the 
t r a n s i t i o n from OH-IR s t a r s through the pre-PN phase . T e r z i a n r e p o r t s 
that f i r s t epoch o b s e r v a t i o n s have been secured f o r measurements of 
expans ion v e l o c i t i e s in a number of PN; these may prove u s e f u l in 
hand l ing the troublesome problem of nebu lar d i s t a n c e s . 

Thus, we now can o b t a i n PN images In the r a d i a t i o n s of H, l i n e s 
e x c i t e d by c o l l i s i o n s , molecules and dust which may emit over a wide 
range of temperatures and d e n s i t i e s . Supplementing these data are 
k lneraat l ca l measurements. We o b t a i n l i n e - o f - s i g h t v e l o c i t i e s over the 
n e b u l a r s u r f a c e and e v e n t u a l l y the proper motions of knots and 
f i l aments across the l i n e of s i g h t . 

B a l i c k summarized the s t r u c t u r e s and morphologies of PN as 
r e v e a l e d by CCD d i r e c t imaging. Most of the mass des t ined to form the 
PN was e j ec t ed in the s low wind, but the topology was l a t e r l a r g e l y 
f i x e d by the f a s t wind ( ^ 2000 km/sec) emerging from the c e n t r a l core 
remnant. This s c e n a r i o , proposed by Sun Kwok, seems w e l l e s t a b l i s h e d 
as a b a s i c working h y p o t h e s i s . B a l i c k emphasized that the a c t u a l 
appearance of the nebula depends on the age or s tage of e v o l u t i o n of 
the n e b u l a r s h e l l and the c o n f i g u r a t i o n of the e j e c t e d m a t e r i a l . I f 
the e j e c t e d s h e l l i s s p h e r i c a l l y symmetrical , we observe a s t r u c t u r e 
such as IC 3568 or an annular nebula such as NGC 6894. More of ten the 
s h e l l i s not s p h e r i c a l l y symmetrical but i s th icker and /or denser In 
the e q u a t o r i a l plane so the outrushing wind b u r s t s through in the p o l a r 
r e g i o n s f i r s t . For a d e t a i l e d summary, see B a l i c k ( 1 9 8 6 ) . 

The next s tep i s to b u i l d numerical models where the h i s t o r y of a 
PN can be f o l l o w e d by two-dimensional hydrodynamics with r a d i a t i o n 
p r e s s u r e taken in to account . Kahn sketched some p o s s i b i l i t i e s 
I n v o l v e d , sugges t ing that the superwind might be nonsymmetrical . 
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D e t e c t a b l e e f f e c t s on PN shapes might appear in 10 to 400 y e a r s . The 
shapes of PN are fashioned by winds and r a d i a t i o n p r e s s u r e but the 
i o n i z a t i o n and heat ing of the detached red g i a n t s h e l l i s due to the 
s t e l l a r r a d i a n t f l u x . Tn b r i g h t r ims , we might observe sometimes the 
d i s s i p a t i o n of energy from winds . Before d e t a i l e d modeling can be 
undertaken , we need improved, high s p a t i a l r e s o l u t i o n o b s e r v a t i o n a l 
m a t e r i a l from the r . f . to UV reg ions with supplementary k inemat ica l 
d a t a to match. V e l o c i t y pat terns must be measured over the e n t i r e PN 
image; O .C . Wilson t r i e d th i s long ago with a m u l t i - s l i t ; F a b r y - P e r o t 
i n t e r f e r o m e t e r s are now often employed. 

M u l t i p l e s h e l l s are common phenomena in PN. Ms. Chu f inds that 
50% of nearby o b j e c t s in the NGC and IC ca ta logues have m u l t i p l e 
s h e l l s . K a l e r had c l a s s i f i e d them on the b a s i s of t h e i r s u r f a c e 
b r i g h t n e s s e s : I = f a i n t detatched s h e l l s that show limb b r i g h t e n i n g 
and with outer diameters exceeding 0.5 pes . The masses are low ( ~ 1%) 
compared with the inner b r i g h t r i n g . Type I I s h e l l s have an at tached 
ou ter r i n g that i s about 25% as b r i g h t as the inner r i n g . These s h e l l s 
have r a d i i l e s s than 0.5 pes , show no limb b r i g h t e n i n g , and have masses 
comparable with that of the main r i n g . Some o b j e c t s such as NGC 2392 
a r e c l a s s i f i e d as " p e c u l i a r . " The motions can be complex and f o l l o w no 
uni form p a t t e r n . Ms. Chu notes that sometimes the at tached outer r i n g 
co-expands s u p e r s o n i o c a l l y with the inner s h e l l , sugges t ing a p o s s i b l e 
m u l t i p l e e j e c t i o n . Other times a s u p e r s o n i c a l l y moving inner s h e l l 
c o l l i d e s with a f a i n t , s u b s o n i c a l l y expanding h a l o . In PN such as 
NGC 6826, a s low moving inner s h e l l pene tra tes a f a i n t outer one. 

I n M2-2, however, a detached outer s h e l l expands independent ly of 
the inner s h e l l . D i f f e r e n t formation mechanisms are c l e a r l y i n v o l v e d . 
C u r i o u s l y , e lemental abundances in the outer s h e l l s u s u a l l y did not 
d i f f e r from those found in the inner s h e l l s . T y l e n d a 1 s sugges t ion that 
a f a i n t outer ha lo may be a f o s s i l i o n i z e d sphere l e f t behind as the 
PNN fades c e r t a i n l y a l l o w s an o b s e r v a t i o n a l t e s t . 

W e i n b e r g e r ' s d i s c u s s i o n h i g h l i g h t e d the g r e a t complexity of the 
k i n e m a t i c a l d a t a . Unique , s i n g l e - v a l u e d expansion v e l o c i t i e s cannot be 
s p e c i f i e d f o r i n d i v i d u a l o b j e c t s . For example, i t i s not p o s s i b l e to 
d e f i n e a s p e c i f i c e x p a n s i o n - v e l o c i t y versus r a d i u s r e l a t i o n s h i p f o r PN. 
I n s t e a d , one has to d e s c r i b e an e n t i r e v e l o c i t y pa t t ern for each 
o b j e c t , a point emphasized by Chu et a l . ( 1 9 8 4 ) . Although average 
expans ion v e l o c i t i e s of the order of 20 km/sec f o r H I and [0 I I I ] seem 
to be found in the m a j o r i t y of PN that have been measured, i t must be 
emphasized that w i t h i n some o b j e c t s , such as NGC 2392, 6302, 6537, 
6543, 6826, and M2-3, there occur j e t s moving with v e l o c i t i e s up to 
100 km/sec or more. These k inemat ica l phenomena must be r e v e a l i n g 
e s s e n t i a l c lues to the i n i t i a l , almost c e r t a i n l y non-uniform e j e c t i o n 
and a c c e l e r a t i o n mechanisms. 

The nature of p l a n e t a r y nebu lar e v o l u t i o n l i e s at the very center 
of our concerns . Before the London meeting our ideas on th i s s u b j e c t 
were r a t h e r g e n e r a l as many e s s e n t i a l o b s e r v a t i o n a l d e t a i l s had not yet 
been p r o v i d e d . Now the s c e n a r i o seems to be w e l l - d e f i n e d . Important 
s t eps are d e s c r i b e d in the reviews by Habing , Knapp, R e n z i n i , and Kwok, 
w h i l e Roche and Rodriguez have d e s c r i b e d important c lues prov ided by 
dust and molecular d a t a . 
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The p r e c u r s o r s of PN are Mira s t a r s ( l o n g - p e r i o d v a r i a b l e s ) or 

o ther asymptotic g ian t branch (AGB) s t a r s . These evo lve in to OH-IR 

o b j e c t s that are e s s e n t i a l l y i n v i s i b l e o p t i c a l l y ; they emit in the TR 

and r . f . s p e c t r a l r e g i o n s . Large numbers of them were " f ingered" by 

IRAS and then v e r i f i e d by r . f . o b s e r v a t i o n s of the 1612 MHz l i n e of 

the OH maser. The PN and OH-IR o b j e c t s seem to show the same pat tern 

in v e l o c i t y and g a l a c t i c d i s t r i b u t i o n . The OH-IR s t a r s are presumed to 

e v o l v e in to proto -PN and e v e n t u a l l y into young PN such as Vy 2-2 . We 

might expect the number of pre-PN to be the order of 10% to 25% of the 

number of PN, to show co lor temperatures of the order of 130 Κ to 

200 K, to be n o n - v a r i a b l e ( u n l i k e t h e i r Mira or youngest OH-IR 

p r e d e c e s s o r s ) , to show s i l i c a t e f e a t u r e s , p o s s i b l y a l s o CO or OH, and 

to possess no o p t i c a l c o u n t e r p a r t s . 

Not a l l OH-IR o b j e c t s are expected to evo lve in to PN and some PN 

( such as the s t r o n g l y C - r i c h n e b u l a e ) may evolve by a d i f f e r e n t r o u t e . 

The "standard" e v o l u t i o n a r y s c e n a r i o s t a r t s with a Mira s t a r with a 

p e r i o d between 250 and 500 days , a v a r i a t i o n of about one magnitude in 

b o l o m e t r i c l u m i n o s i t y , and an expansion v e l o c i t y of about 5 to 

10 km/sec. The mass l o s s may be t r i g g e r e d by p u l s a t i o n s and f a l l 

between a r a t e of 10~7 and 10~6 s o l a r masses /year . As t h e i r outer 

envelopes expand f u r t h e r and c o o l , the Mira s t a r s evolve in to OH-IR 

v a r i a b l e s with per iods between 500 and 1000 days and amplitudes of 

about 2 magnitues . They a t t a i n l u m i n o s i t i e s of the order of 1000 to 

10,000 that of the sun and the mass l o s s r a t e increase s to 10"^ or 

even 10"^ s o l a r masses /yr in the s low wind of about 10 to 15 km/sec. 

This s tage may l a s t 10,000 y e a r s . The outer s h e l l i s f i n a l l y detached; 

the dying AGB s t a r becomes now a n o n - v a r i a b l e OH-IR source with a hot 

core concealed under a t h i c k , dus ty , c i r c u m s t e l l a r enve lope . 

The next s tage i s the appearance of a f a s t wind from the hot core 

w i th a v e l o c i t y of 1000 to 3000 km/sec, but a low-mass l o s s r a t e of 

about 10"" ? s o l a r m a s s e s / y r . The r i c h UV r a d i a t i o n f i e l d of the hot 

core now i o n i z e s the s l o w l y moving s h e l l of the defunct red g i a n t and 

turns on the PN. In many PN, much of the i n t a c t , c o o l , outer AGB 

enve lope i s s t i l l t h e r e ; i t i s r e v e a l e d by s o l i d g r a i n s and molecules 

such as those of hydrogen and CO. There are found in NGC 2346, 6302, 

6720, and 7027. OH i s detected in the n e u t r a l torus around the wa i s t 

of NGC 6302. I t i s a l s o found in Vy 2-2 and IC 4997. I n t e n s i v e 

searches have r e v e a l e d molecules in only a few PN. Why? Rodriguez 

es t imates that in a t y p i c a l PN, molecules would l a s t only about 100 

y e a r s . Why are they found in an aged o b j e c t such as NGC 7293? 

P o s s i b l y some PN contain dense b l o b s that s h i e l d them from r a d i a t i o n . 

Dust occurs w i t h i n the Η I I reg ions of PN as w e l l as in c o o l , 

n e u t r a l r e g i o n s , which may show a c o n s i d e r a b l e temperature range . 

Among the IR l i n e s i s the 9 .7 -Pm s i l i c a t e f e a t u r e c h a r a c t e r i s t i c of 

0 - r i c h m a t e r i a l . In sooty clouds are observed the 11.2-Mm band of SiC 

and the 3 . 3 - to 13-Mm f e a t u r e a t t r i b u t e d to C - r i c h g r a i n s and 

p o l y c y c l i c aromatic hydrocarbons ( P A H f s ) . Sometimes O - r i c h envelopes 

a r e a s s o c i a t e d with C - r i c h c e n t r a l s t a r s , but never v ice v e r s a . As a 

r e s u l t of He burning to C, and subsequent mixing to the atmosphere, 0 

s t a r s become C s t a r s , but there i s no evidence of a C s t a r ever turning 

i n t o an 0 s t a r . 

https://doi.org/10.1017/S007418090013918X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090013918X


571 

Studies of PN chemical compos i t ions , reviewed by C l e g g , put some 
c o n t r a i n t s on e v o l u t i o n a r y models . Of p a r t i c u l a r importance i s the 
C / N / O r a t i o . With respect to the Sun, PN tend to be O - d e f i c i e n t , 
w h i l e C and Ν are often enhanced in PN. The N - r i c h o b j e c t s , P e i m b e r t 1 s 
type I ( 1 9 8 3 ) , are b e l i e v e d to o r i g i n a t e from the more massive 
p r o g e n i t o r s . Large numbers of PN show C/O > 1 and are b e l i e v e d to come 
most recent ly from C s t a r s . Neon i s p r o b a b l y not a f f e c t e d by nuc lear 
r e a c t i o n s in s t a r s , whi le S, C*, and Ar must r e l f e c t the abundance 
p a t t e r n of what are l o o s e l y c a l l e d "metals ." Thus, t h e i r abundances 
r e f l e c t that of the i n t e r s t e l l a r medium ( I S M ) from which PN p r o g e n i t o r s 
were formed. New, improved atomic data such as c o l l i s i o n s trengths for 
l i n e s of [S I I ] , [C& I I I ] , and Ar I V ] w i l l y i e l d improved abundances of 
the corresponding e lements . C a l c u l a t i o n s of i n c r e a s i n g l y accurate 
models such as that by Clegg et_ a l . (1987) f o r NGC 3918 are very 
v a l u a b l e . 

Perhaps the best candidate to the miss ing l i n k between OH-IR 
sources and PN is Vy 2-2 = 4 5 - 2 ° l , d e s c r i b e d in poster papers by C l e g g , 
H o a r e , and W a l s h , and by Faloma and Sabbadin . VLA measurements at 
15 GHz show i t to have outer and inner s h e l l r a d i i of 0.25" and 0 .1" , 
Ν ε = 300,000 cm""3, and T e = 11,000°K. With an expansion v e l o c i t y of 10 
to 15 km/sec, i t appears to have a dynamical age of 1200 to 2000 y e a r s . 
Thus , i t i s an o b j e c t younger than NGC 6572, BD + 30°3639, or IC 4997. 
We hope that even younger o b j e c t s w i l l be r e v e a l e d by IRAS d a t a . 

Any d i s c u s s i o n of the e v o l u t i o n of PN and PNN b r i n g s us back to 
the d i s tance problem. Methods now f r e q u e n t l y employed inc lude the use 
of 21-cra Η I a b s o r p t i o n , the reddening of nearby f i e l d s t a r s , and 
s t e l l a r winds . E v e n t u a l l y , expansion v e l o c i t i e s measured with the VLA 
may be u s e f u l . Although progres s has been made, as Ms. Lutz has 
d e s c r i b e d , we cannot pretend that the d i s tance problem i s in a 
s a t i s f a c t o r y s t a t e . For a p a r t i c u l a r PN, e r r o r s ranging from 30% to a 
f a c t o r of 2 are of ten quoted. This u n c e r t a i n t y enters in a l l types of 
d i s c u s s i o n . As an example, l e t me i l l u s t r a t e how e r r o r s a f f e c t a 
dependence of N ( 0 ) / N ( H ) on R ( d i s t a n c e from center of the g a l a x y ) f o r 
type I I PN. Faundez-Abans and Macie l (1986) have r e c e n t l y d i scussed 
t h i s problem. C D . Keyes and I s e l e c t e d o b j e c t s p r i m a r i l y on the b a s i s 
of t h e i r k inemat ica l p r o p e r t i e s . We r e l i e d on l i s t s by K a l e r ( 1 9 7 0 ) , 
Barker ( 1 9 7 8 ) , and by Heap and Augensen ( 1 9 8 7 ) . We assume the d i s tance 
of the sun, R ( s u n ) , to be 8500 pes from the g a l a c t i c c e n t e r . Chemical 
composit ions obta ined v i a t h e o r e t i c a l models were g e n e r a l l y employed. 

Our purpose in showing th is diagram i s not a c t u a l l y to d i s cus s 
l o g N ( 0 ) / N ( H ) as a funct ion of R, 8.69 - 0.0156 R ( k p c ) , but r a t h e r to 
emphasize u n c e r t a i n t i e s that c e r t a i n l y accrue from d i s t a n c e e r r o r s . 
These may be l e s s than 1 kpc for nearby PN but could be a f a c t o r of 2 
f o r nebulae at a d i s tance of 4 kpc or more. There i s a l s o an e r r o r of 
the order of 0.1 dex in the N ( 0 ) / N ( H ) d e t e r m i n a t i o n , l a r g e l y a 
consequence of u n c e r t a i n t i e s in Τ ε . I t i s l i k e l y that much of the 
s c a t t e r in the diagram must a r i s e from e r r o r s in the input d a t a . 
E r r o r s in the d i s tance s c a l e f r u s t r a t e e f f o r t s to make r e l i a b l e 
e s t imates about PN formation r a t e s . Using Cudworth 1 s d i s tance s c a l e , 
J . P . P h i l l i p s f inds the formation r a t e of PN to be 6.2 to 13 p c ~ 3 / y r - 1 . 
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The number of o b j e c t s for which accurate d i s tances can be found, 
PN in b inary systems, in the g a l a c t i c b u l g e , and in the M a g e l l a n i c 
C l o u d s , i s inadequate for most purposes . Few PNN are b i n a r i e s , w h i l e 
f o r nebulae at g r e a t d i s t a n c e s , e s s e n t i a l in format ion on s t r u c t u r e and 
i n t e r n a l kinematics i s not a v a i l a b l e . 

For p l a n e t a r i e s whose c e n t r a l s t a r s show a b s o r p t i o n l i n e s , a 
p o w e r f u l method of d i s tance determinat ion has been developed by 
K u d r i t z k i and h i s a s s o c i a t e s . Long ago i t was suggested that by 
comparing the a b s o r p t i o n l i n e s p e c t r a of PNN with those of type I 
p o p u l a t i o n 0 s t a r s one could determine both t h e i r e f f e c t i v e 
temperatures and s u r f a c e g r a v i t i e s , expressed as log g ( A l l e r 1948; 
W i l s o n and A l l e r 1954) . The e f f o r t f a i l e d for two r e a s o n s , the 
inadequacy of too - low d i s p e r s i o n photographic spec tra and use of LTR 
atmosphers . By us ing h i g h - d i s p e r s i o n spec tra measured with CCD's and 
modern non-LTE atmospheric models , K u d r i t z k i et^ a l . have shown that the 
e f f e c t i v e temperature can be obta ined to an accuracy of 10% and log g 
to 0.2 dex. Since s t e l l a r e v o l u t i o n theory for PNN g i v e s a 
r e l a t i o n s h i p between log g and the e f f e c t i v e temperature f o r which one 
does not need to know the d i s t a n c e , one can deduce the mass, M; with M 
and g known, R can be found. With R and the emergent s t e l l a r f l u x , one 
can p r e d i c t the a b s o l u t e magnitude of the s t a r of known apparent 
magnitude and thus deduce i t s s p e c t r o s c o p i c p a r a l l a x . A check on the 
method i s provided by app ly ing i t to a hot subdwarf in NGC 6397. I t 
gave the same d i s tance to th i s g l o b u l a r c l u s t e r as did c o n v e n t i o n a l , 
w e l l - e s t a b l i s h e d methods. Furthermore , the a b s o l u t e magnitudes of the 
b r i g h t e s t PN in the sample match those found in the M a g e l l a n i c C louds . 
These r e s u l t s favor the Cudworth d i s tance s c a l e . Where they can be 
determined for i n d i v i d u a l PN, the d i s tances found by the K u d r i t z k i 
method are to be p r e f e r r e d . 

The p e r p l e x i n g problem of Zans tra temperatures , reviewed by Ka ler 
and d i scussed in pos ter s by Henry and many o t h e r s , i s not yet 
complete ly s o l v e d . Although the K u d r i t z k i procedure seems to g i v e a 
r e a s o n a b l e i n t e r p r e t a t i o n of a s t a r such as the H e - r i c h nucleus of 
NGC 246, ( T e f f = 130,000°K, log g = 5 . 7 1 ) , t r o u b l e s appear to abound 
f o r yet ho t t er PNN, e . g . , the nucleus of NGC 7027, for which model 
n e b u l a r methods g i v e T ( * ) = 190,000°K (Pequinot and Gruenwald) but the 
PNN magnitude m(*) = 17.7 (Wal ton et a l . ) impl ies T ( * ) - 310,000°K. 
For NGC 2440, T ( * ) - 350,000°K was found from m(* ) by Zans tra methods, 
w h i l e Sh ie lds et a l . (1981) found T ( * ) - 180,000°K by model n e b u l a r 
methods. S i m i l a r d i f f i c u l t i e s occur for NGC 6565 where Reay et_ a l . 
(1984) found T Z ( H I ) = 185,000°K, Tz(He I I ) - 130,000°K, wh i l e the 
l e v e l of the spectrum r e q u i r e s a T( ) of about 85,000°K. One can 
s c a r c e l y account f o r these d i scordances by assuming that the PNN i s 
f a d i n g r a p i d l y ; the response of the n e b u l a r spectrum e a s i l y would have 
been o b s e r v e d . Presumably , we must assume that i f the s t a r i s as hot 
as i n d i c a t e d by Zanstra methods, heavy a b s o r p t i o n must occur w e l l 
shortward of 228 A. O t h e r w i s e , [Ne V] would be p r e d i c t e d much too 
s t r o n g . These new t h e o r e t i c a l s t e l l a r f luxes can he lp us in another 
important way. They prov ide e x c e l l e n t input data f o r the c a l c u l a t i o n 
of t h e o r e t i c a l PN models so that we can concentrate on other matters 
such as geometr i ca l f a c t o r s in i n t e r p r e t a t i o n s of nebu lar s p e c t r a . 
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H a r r i n g t o n emphasized the c r u c i a l importance of n e b u l a r geometry 
i n h is rev iew of current developments in nebu lar model ing . Refinements 
i n the b a s i c theory as w e l l as in the input atomic data are now 
a v a i l a b l e . N e b u l a r modeling i s becoming more and more p o p u l a r ; s e v e r a l 
codes are now used and intercoraparisons between some of them have been 
made. In s p i t e of re f inements , small s t r u c t u r a l i r r e g u l a r i t i e s , knot s , 
and condensations present d i f f i c u l t i e s . For example, when models are 
used to est imate ICF ( i o n i z a t i o n c o r r e c t i o n f a c t o r s ) , l a r g e e r r o r s are 
p o s s i b l e as when we t ry to deduce the n i t r o g e n abundance from [Ν I I ] 
l i n e s . New trends in theory w i l l inc lude dynamical and e v o l u t i o n a r y 
e f f e c t s in a format a p p l i c a b l e to i n d i v i d u a l observed o b j e c t s . We hope 
theory w i l l enable us to i d e n t i f y p o s s i b l e shock exc i t ed atomic 
t r a n s i t i o n s . Shocks are invoked to e x p l a i n the shapes and forms of PN, 
but f o r e c a s t s of o b s e r v a b l e s p e c t r o s c o p i c e f f e c t s are few. 

The importance of s t e l l a r winds i s c l e a r l y ev ident f o r many PN. 
For example, in cons truc t ing t h e i r model for NGC 1535, Adam and Koppen 
(1985) adopted T ( * ) from the work of K u d r i t z k i et a l . , so they had to 
p o s t u l a t e a wind in order to e x p l a i n the e x c i t a t i o n l e v e l of the 
spectrum. S t e l l a r winds can modify the f a r UV output f l u x ; in some 
s t a r s K u d r i t z k i et̂  a l . found the λ < 228 A f l u x to be enhanced by a 
f a c t o r of 1000! Grewing reviewed the g e n e r a l observed f e a t u r e s of 
winds which blow with v e l o c i t i e s between 500 and 4000 km/sec. As 
e x p e c t e d , a l l W o l f - R a y e t - t y p e s t a r s show Ρ Cygni p r o f i l e s , as do many 
s t a r s with bland spec tra in the o p t i c a l domain. E m p i r i c a l or 
" o b s e r v a t i o n a l " determinat ions or mass- loss r a t e s depend on mechanisms 
invoked to produce and maintain these winds . P e r i n o t t o eva lua ted 
c u r r e n t popular t h e o r i e s and ana lyses based on Ρ Cygni p r o f i l e s 
observed with the IUE. He notes that the s c a t t e r in dM/dt f o r the same 
o b j e c t s can extend over a f a c t o r of 100, but i f we remove unnecessary 
d i s c o r d a n c e s a r i s i n g from v a r i o u s assumptions in fundamental 
p a r a m e t e r s , th i s f a c t o r can be reduced to as l i t t l e as 3 to 5, 
e s s e n t i a l l y the r e s i d u a l d i f f e r e n c e due to method employed. With the 
most recent v e r s i o n of a r a d i a t i o n w i n d - d r i v e n theory , i t has been 
found that in the "best observed" PNN, NGC 6543, t h e o r e t i c a l and "best 
e m p i r i c a l " dM/dt va lues d i f f e r by a small f a c t o r . U l t i m a t e l y , we can 
hope to achieve an accuracy in dM/dt of a f a c t o r of 3. 

Some of the main points in the t h e o r y # o f PNN e v o l u t i o n were 
a l r e a d y reviewed in 1982. Renzini and Schönberner gave an update , 
w h i l e Pottasch used a v a r i e t y of d i s tance determinat ion opt ions to 
compare an e m p i r i c a l luminos i ty versus T e f f p l o t wi th t h e o r e t i c a l 
p r e d i c t i o n s . A number of o b j e c t s near the g a l a c t i c center seemed to 
d e p a r t s u b s t a n t i a l l y from the t h e o r e t i c a l p a t t e r n , but the temperatures 
of these g a l a c t i c center o b j e c t s do not seem to be w e l l determined. 
Us ing assumed i n i t i a l mass funct ions and dM/dt r a t e s f o r l a t e AGB 
e v o l u t i o n , R . A . Shaw c a l c u l a t e d some expected t h e o r e t i c a l d i s t r i b u t i o n s 
of PNN in the logL - logT p l a n e . These d i f f e r e d from the o b s e r v a t i o n s 
and suggested s trong o b s e r v a t i o n a l s e l e c t i o n e f f e c t s . Koppen 
emphasized the importance of l i n k i n g PNN e v o l u t i o n wi th that of the PN 
i t s e l f and proposed some modi f i ca t ions or ref inements of the Kwok 
two-stream model. In essence , dM/dt changes with t ime, perhaps 
i n c r e a s i n g towards the end of AGB e v o l u t i o n as an OH-IR o b j e c t , and 
p o s s i b l y accompanied by R e n z i n i ' s super wind. 
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PN with massive n u c l e i w i l l evo lve with a g r e a t e r speed than 
"normal" PNN so that time-dependent e f f e c t s should be read iLy 
o b s e r v a b l e . Such o b j e c t s would a t t a i n high l u m i n o s i t i e s ; y e t , the 
upper l i m i t of L ( P N ) seems r a t h e r sharp ly def ined in other g a l a x i e s 
s u g g e s t i n g that there i s no "high luminos i ty t a i l " in the d i s t r i b u t i o n . 
We are not sure we have detected PNN with masses as high as 1.0 or even 
0.9 m ( s u n ) . Tylenda suggests that NGC 2440, 6302, and 7027 may have 
l a r g e masses; NGC 6445, 6741, IC 2165, and M2-2 are other p o s s i b l e 
c a n d i d a t e s . 

B inary s t a r s among PNN o f f e r a number of unique o p p o r t u n i t i e s to 
a s s e s s t h e i r masses and r a d i i and to i n v e s t i g a t e p o s s i b l e e f f e c t s of 
b i n a r i t y upon nebular e v o l u t i o n . From his a n a l y s i s of s p e c t r o s c o p i c 
b i n a r i e s , Mendez concluded that p r o b a b l y not more than 20% are c l o s e 
p a i r s , but i f we a l l o w for a range in masses and cons ider wider 
d o u b l e s , i n c l u d i n g eventual v i s u a l systems such as NGC 246, the 
percentage may be h i g h e r . A number of i n v e s t i g a t o r s have examined the 
p o s s i b l e r o l e r o l e of b i n a r i t y in determining the shapes and forms of 
PN. J . Lutz and N . J . Lame secured monochromatic images of A b e l l 14, 
H3-75, and K l - 2 wi th a CCD de tec tor and concluded that the c l o s e b i n a r y 
c h a r a c t e r of t h e i r PNN may have in f luenced t h e i r s t r u c t u r e s . 

I n an e x c e l l e n t p r e s e n t a t i o n , H .E . Bond noted that b i n a r y PNN are 
not f r e a k s . Among the best known c l o s e b i n a r y systems are the n u c l e i 
of A b e l l 35, 41 , 56, 63, and K l - 2 . Data f o r the best determined 
systems confirm that the s t a r s are p r e - w h i t e dwarfs and have masses of 
about 0.6 m ( s u n ) . Further c lues to PNN masses are provided by the 
p u l s a t i o n s of the nucleus of K l - 1 6 . The p u l s a t i o n s i n v o l v e a number of 
overtones so that e v o l u t i o n a r y e f f e c t s on the p e r i o d are d i f f i c u l t to 
a s s e s s . Tutukov d i scussed the theory of c l o s e b i n a r y e v o l u t i o n . Can 
symbiot i c s t a r s evo lve in to PN? Can we a c q u i r e systems with a common 
enve lope and can b i n a r y PNN evo lve in to catac lysmic v a r i a b l e s ? 

What happens as PNN plummet to become white dwarfs ( W D f s ) ? 
J . L i e b e r t repor ted that the low end of the PNN sequence and the high 
end of the WD r e g i o n pose problems. The o v e r l a p s seem best de f ined by 
H e - r i c h WDTs and i n d i c a t e a continuous sequence of s t a r s from WC, OVI 
( o r other H e - r i c h , Η-poor n u c l e i ) , through p u l s a t i n g s t a r s such as 
K l - 1 6 , f i e l d o b j e c t s such as H1504+65 (which was d i scussed by Shipman), 
and f i n a l l y the H e - r i c h DO W D 1 s , in decreas ing steps of e f f e c t i v e 
t emperature . On the other hand, Η - r i c h n u c l e i appear to evo lve 
r a p i d l y , but i t i s d i f f i c u l t to understand why hot DA s t a r s are so 
r a r e . The PNN of NGC 7293 have a p p r o p r i a t e va lues of ( l o g g , T e f f ) but 
t h i s may be the only known example at th i s t ime. 

R e c e n t l y , a few very o l d , l o w - s u r f a c e - b r i g h t n e s s nebulae have been 
found around p r e v i o u s l y known f a i n t b lue s t a r s . The best example i s 
the hot DA, PG 0950+139, which i s surrounded by a f a i n t nebula 
d i s c o v e r e d by E l l i s , Grayson, and Bond. There i s a l s o a compact nebula 
( u n r e s o l v e d from the s t a r ) f o r which L i e b e r t et̂  a l . f ind an e l e c t r o n 
d e n s i t y of the order of 1 x 10^/cc, a mass of about 10~8 that of the 
sun and a r a d i u s of about 10 A . U . The s t a r ( l o g g = 7.5 T e f f = 
70 ,000°K) has a c o o l i n g age of about 5 * 10 5 y e a r s ; the f a i n t nebula 
could have been e j e c t e d e a r l i e r . 
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Many e x c e l l e n t papers were w e l l presented in poster s e s s i o n s . I t 
i s unfortunate that the publ i shed volume can conta in only a b s t r a c t s 
which do not do j u s t i c e to the weal th of h i g h - q u a l i t y data so of ten 
r e v e a l e d . 

I n summary, new o b s e r v a t i o n a l techniques and t h e o r e t i c a l i n s i g h t s 
permit us to progres s r a p i d l y in the study of p l a n e t a r y n e b u l a e . The 
importance of surveys i s w e l l r e c o g n i z e d . We might have missed 
NGC 6751 wi th i t s engaging h a l o , which Ms. Chu has c a l l e d to our 
a t t e n t i o n . Many other examples e x i s t . The S trasbourg ca ta logue i s 
g o i n g to be of ine s t imab le va lue to a l l of us working in th i s f i e l d . 

At th i s epoch, however, a worthwhi le undertaking might be to 
s e l e c t a small sample of r e p r e s e n t a t i v e p l a n e t a r i e s , p r e f e r a b l y those 
whose d i s tances could be e s t a b l i s h e d by the K u d r i t z k i et̂  a l . methods. 
I would emphasize o b j e c t s with w e l l - e s t a b l i s h e d d i s t a n c e s , f o r then we 
can express r e s u l t s in c g s , S I , or s o l a r u n i t s . These o b j e c t s should 
be observed i n t e n s i v e l y in the o p t i c a l , I R , UV, and r . f . ranges with as 
h i g h a s p a t i a l r e s o l u t i o n as i s p r a c t i c a l . We could map images as 
observed in H, He I , He I I , [Ν I ] , [Ν I I ] , [0 I I ] , [0 I I I ] , [Ne I I I ] , 
[Ne V ] , [S I I ] , [S I I I ] , Ar I I I ] , [Ar I V ] , e t c . , and determine < Ν ε > , 
< Τ ε > , and v e l o c i t y data point by point over the s u r f a c e . B i t s and 
p i e c e s of such informat ion e x i s t a l r e a d y f o r many o b j e c t s but the s t o r y 
must be put together more complete ly and the miss ing gaps f i l l e d i n . 
By s e l e c t i n g candidates from young PN, such as NGC 6572, IC 4997, and 
BD+30 3639, to aged o b j e c t s such as NGC 7293 and some A b e l l PN, we can 
p r o v i d e c h a l l e n g i n g g r i s t f o r the m i l l s of the model b u i l d e r s and 
hydrodynamic i s t s . We should a l s o inc lude " c l a s s i c a l " PN such as 
NGC 40, 1535, 3242, 4361, 7009, 7662, and IC 418. We must not f o r g e t 
NGC 2392 with i t s i n t r i c a t e i n t e r n a l motions , f o r which Mendez et a l . 
(1987) have deduced a PNN mass of 0.90 (which would imply r a p i d 
e v o l u t i o n a r y changes) and an e f f e c t i v e temperature of 47,000 Κ which i s 
not cons i s tent with i t s high e x c i t a t i o n . In t h i s PNN the UV f l u x from 
a wind must p lay a dominating r o l e . 

The record of f i rm accomplishments over the l a s t h a l f century i s 
b r e a t h t a k i n g . In 1937 I went to Harvard to work with P r o f . Menzel . 
Very soon a f t e r my a r r i v a l he to ld me, "We are going to study p l a n e t a r y 
n e b u l a e ; they are very Important ." 
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Population II Planetary Nebulae 
I I I J ι ι ι ι ι ι ι ι Γ-

Η (Kpc) 

F i g u r e 1. Oxygen/Hydrogen Rat io f o r Type I I P l a n e t a r y N e b u l a e . 

We p l o t l o g N ( 0 ) / N ( H ) + 12 versus d i s t a n c e , R ( i n k p c ) , from the 
g a l a c t i c center f o r popu la t ion type I I PN. Much of the s c a t t e r a r i s e s 
from o b s e r v a t i o n a l e r r o r s in both d i s tance es t imates and abundances . 
The arrows g i v e a rough est imate of the expected e r r o r s . 
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