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kms 1, the r o t a t i o n v e l o c i t i e s of the main sequence s tar from which the 
red giant l a t e r develops w i l l be unreasonably large . 

Atherton: The assumed r o t a t i o n a l v e l o c i t y of the progeni tor ranges 
from 5 20 kms-1. However, the study by P h i l l i p s and Reay i s con-
cerned only with showing how the s tructure of p l a n e t a r i e s can, g e n e r a l l y , 
be explained in terms of the development of s h e l l s subsequent to t h e i r 
e j e c t i o n . The phys ics of the e j e c t i o n process i s not considered in any 
d e t a i l . The important point to note i s that the i n t e n s i t y v a r i a t i o n s 
in NGC 6720 can be explained in terms of a spher ica l s h e l l of gas. 

EXAMPLES OF MULTIPLE SHELL STRUCTURES IN PLANETARY NEBULAE AND CERTAIN 
PECULIAR EMISSION NEBULAE 

T.R. Gull 
Lockheed E l e c t r o n i c s Company, Inc. 

There i s increas ing evidence that mul t ip l e s h e l l s t ruc tures occur 
o f t e n in planetary nebulae and emission nebulae surrounding Oef and 
Wolf-Rayet S tars , yet the mul t ip le s h e l l s t ruc tures in the two c l a s s e s 
of o b j e c t s are very d i f f e r e n t . In p lanetary nebulae they are def ined 
by an in terna l s t ructure f i l l e d by [OlII] 5007 emiss ion, and an outer 
s h e l l that i s most n o t i c e a b l e in the l i g h t of s i n g l y - i o n i z e d s p e c i e s 
such as [ O i l ] , [SII ] or [ N i l ] . Planetary nebulae with mul t ip le s h e l l 
s tructure are wel l exempl i f i ed by NGC 6853 (The Dumbbell Nebula) and 
NGC7293 (The Hel ix Nebula). The most pronounced e f f e c t i s [01] condensa-
t i o n s p lus [ N i l ] , [ O i l ] , [SII ] "shadows" and complementary [ 0 I I I ] s t r u c -
ture . 

The mul t ip le s h e l l s t ruc tures surrounding Oef and Wolf-Rayet s t a r s , 
such as NGC 7635 and NGC6164-5, do not show strong e x c i t a t i o n d i f f e r e n c e s 
between inner and outer s h e l l s t r u c t u r e s . Certa in ly two, and p o s s i b l y 
three , s h e l l s e x i s t in NGC 7635, with the most centra l s h e l l being very 
symmetrical (and appropriate ly c a l l e d the Bubble Nebula). The s t ruc -
ture of NGC 7635 i s most e a s i l y explained by mul t ip l e s h e l l e j e c t i o n 
of the centra l s t a r . However, rad ia t ion pressure must play an important 
r o l e as exempl i f i ed by the NGC6164-5 n e b u l o s i t y which shows a hole or 
empty s h e l l region between the centra l 101 s h e l l and the few degree 
outer s tructure which i s p o s s i b l y i n t e r a c t i n g or mixed with an H II 
reg ion . 

DISCUSSION 

Bal ick: Do photographic surveys l i k e t h i s show anything of i n t e r e s t in 
the region of NGC 7027? 
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Gull : There are c e r t a i n l y no larger outer s h e l l s as far as photographic 
s t u d i e s are concerned. 

DYNAMICAL EFFECTS OF RADIATION PRESSURE IN EVOLVED PLANETARY NEBULAE 

C.B. Tarter and J.C. Weisheit 
Univers i ty of C a l i f o r n i a , Livermore 

We have i n v e s t i g a t e d the dynamical e f f e c t s of rad ia t ion pressure 
occurring in evolved planetary nebulae, for a wide range of centra l 
s tar and nebula parameters. Deta i led model atmosphere c a l c u l a t i o n s 
of the inc ident s t e l l a r f l u x were used to determine the temperature, 
i o n i z a t i o n s t ruc ture , and r a d i a t i v e a c c e l e r a t i o n throughout the nebula. 
Our computations included the e f f e c t s of dust , a prov i s ion f o r charge 
exchange r e a c t i o n s , and a l l bound-bound, bound-free , and f r e e - f r e e 
processes that contr ibute s i g n i f i c a n t l y to the t o t a l rad ia t ion pressure . 
We have est imated the e f f e c t s of the r a d i a t i v e force on nebular condensa-
t i o n s and, as an example, have appl ied the r e s u l t s to the problem of 
the numerous radia l f i l aments in NGC 7293. This work was supported by 
the U.S. ERDA under contract No. W-7405-Eng-48. 

SOME PROPERTIES OF DUST IN PLANETARY NEBULAE 

Nino Panagia 
Laboratorio di Radioastronomia, Bologna, I t a l y and 
Laboratorio di A s t r o f i s i c a Spaz ia l e , F r a s c a t i , I t a l y 

From an a n a l y s i s of in f rared , o p t i c a l , u l t r a v i o l e t and radio data 
of a number of p lanetary nebulae, i t i s found that the dust mixed with 
the ionized gas mainly c o n s i s t s of r e l a t i v e l y large , g r a p h i t e - l i k e 
gra ins . 
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