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A B S T R A C T : We present the results of a spectroscopic s tudy of planetary nebulae ( P N ) in the 
Magellanic Clouds. The optical survey of He, N, O, and Ne abundances by Monk et al. (1988) has 
been updated by higher S / N A A T optical data. In addit ion, carbon and other elemental abundances 
have been derived from the IUE spectra of 38 P N . Ionized nebular masses have been derived for 
80 P N . The ionised mass versus nebular electron density plot shows that planetary nebulae become 
optical ly thin when their electron densities drop below 4500 c m - 3 . Below this density, the mean 
nebular hydrogen mass found for non-Type I P N is 0 .22±0 .08 Μ Θ . Using Zanstra and energy-balance 
methods , the mean central star mass found for 14 SMC and LMC P N is 0 . 5 9 ± 0 . 0 2 Μ Θ . 

IUE a n d A A Τ s p e c t r a of 3 8 p l a n e t a r y n e b u l a e i n t h e M a g e l l a n i c C l o u d s h a v e b e e n a n a l y s e d 

t o d e r i v e i o n i c a n d t o t a l e l e m e n t a l a b u n d a n c e s for a r a n g e of s p e c i e s . O u r r e s u l t s are 

s u m m a r i s e d i n T a b l e s 1 a n d 2 of B a r l o w ( 1 9 9 0 ) . T h e n i t r o g e n a b u n d a n c e s i n t h e n o n - T y p e I 

n e b u l a e are f o u n d t o b e c o n s i s t e n t w i t h t h e e x p o s u r e of s e c o n d a r y n i t r o g e n ( p r o d u c e d b y 

t h e C N c y c l e ) b y t h e first d r e d g e - u p , w i t h 5 0 % a n d 1 0 0 % of t h e i n i t i a l c a r b o n h a v i n g b e e n 

c o n v e r t e d t o n i t r o g e n in t h e L M C a n d S M C , r e s p e c t i v e l y . A l l o f t h e n o n - T y p e I P N h a v e 

C / O r a t i o s s i g n i f i c a n t l y larger t h a n u n i t y , c o n s i s t e n t w i t h t h e e x p o s u r e o f p r i m a r y c a r b o n 

b y t h e t h i r d d r e d g e - u p . T h e c a r b o n e n h a n c e m e n t s are l a r g e s t in t h e S M C , t h e g a l a x y w i t h 

t h e l o w e r m e t a l l i c i t y . 

T h e f ive L M C T y p e I P N ( t h o s e w i t h N / O > 0 . 5 ) w e r e f o u n d t o h a v e t h e s a m e m e a n 

o x y g e n a b u n d a n c e as f o u n d for t h e n o n - T y p e I P N a n d Η II r e g i o n s i n t h e L M C , i m p l y i n g 

t h a t n o l a r g e O N - c y c l e d e p l e t i o n of o x y g e n r e s u l t e d f r o m t h e s e c o n d d r e d g e - u p . F r o m 

a c o m p a r i s o n o f t h e Ν a n d C + N a b u n d a n c e s in t h e L M C T y p e I n e b u l a e w i t h t h o s e in 

L M C Η II r e g i o n s , i t i s c o n c l u d e d t h a t t h e t h i r d d r e d g e - u p p l u s e n v e l o p e - b u r n i n g ( w h i c h 

c o n v e r t e d s o m e of t h e d r e d g e d - u p c a r b o n t o n i t r o g e n ) o c c u r r e d in t h e T y p e I p r o g e n i t o r 

s t a r s . F i g . 1 s h o w s t h a t t w o of t h e f ive L M C T y p e I n e b u l a e h a v e C / 0 > 1 . T h e N e / O r a t i o 

i s f o u n d t o b e e n h a n c e d i n L M C T y p e I P N b y 0 . 1 9 ± 0 . 0 3 d e x r e l a t i v e t o L M C n o n - T y p e I 

P N a n d H II r e g i o n s . 

I o n i z e d n e b u l a r h y d r o g e n m a s s e s h a v e b e e n d e r i v e d for 8 0 M a g e l l a n i c C l o u d P N u s i n g 

d e r e d d e n e d H/3 f luxes a n d a c c u r a t e [Ο II] 3 7 2 6 , 2 9 Â d o u b l e t r a t i o e l e c t r o n d e n s i t i e s . A 

p l o t o f i o n i z e d h y d r o g e n m a s s v e r s u s n e b u l a r e l e c t r o n d e n s i t y i n d i c a t e s t h a t t h e e x p a n d i n g 

P N b e c o m e o p t i c a l l y t h i n w h e n the ir e l e c t r o n d e n s i t i e s d r o p b e l o w 4 5 0 0 c m - 3 . T a b l e 1 

s u m m a r i s e s t h e m e a n h y d r o g e n m a s s e s f o u n d for S M C a n d L M C P N o v e r a n u m b e r of 

d e n s i t y r a n g e s . T h e m e a n n e b u l a r h y d r o g e n m a s s f o u n d for n o n - T y p e I P N is t h e s a m e in 

t h e S M C a n d L M C a n d e q u a l t o 0 . 2 1 7 ± 0 . 0 7 7 M 0 . 
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F i g u r e 1: The relationship between l o g ( C / 0 ) and l o g ( N / 0 ) for the sample of Magellanic 

Cloud planetary nebulae. 
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F i g u r e 2: The central stars of a number of the Magellanic Cloud planetary nebulae 

are shown plotted on an H-R diagram. Schoenberner evolutionary tracks for central stars 

having a range of core masses are also plotted. 
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Table 1: Ionized Hydrogen Masses 

P N Sample Electron Densi ty Mean Ionized Hydrogen Mass 
( c m " 3 ) ( Μ Θ ) 

7 S M C non-Type I < 2500 0.214 ± 0 , .099 

7 S M C non-Type I 2500 < n e < 4500 0.220 ± 0 , .045 

15 S M C non-Type I < 4500 0 . 2 1 7 ± 0 , .079 

9 L M C non-Type I < 2500 0.217 ± 0 , .084 

11 LMC non-Type I 2500 < n e < 4500 0 . 2 1 7 ± 0 , .067 
20 LMC non-Type I < 4500 0 . 2 1 7 ± 0 , .075 

35 Total non-Type I < 4500 0 . 2 1 7 ± 0 , .077 

3 S M C T y p e I < 4500 0.280 ± 0 , .062 

7 L M C T y p e I < 4500 0.359 ± 0 . .093 

T h e adopted distance modul i are: LMC 18™35 and S M C 18™8 

From optical and ultraviolet spectra, we have derived central star effective temperatures, 
surface gravities and masses using the Zanstra and energy-balance methods. Fig. 2 shows 
our results for 14 central stars, plotted on an H-R diagram along with a number of theo-
retical evolutionary tracks for a range of core masses. The central star mass distribution 
is found to be very narrow. The mean mass found for all 14 central stars is 0.585±0.016 
M 0 ; the eight SMC central stars give 0.587±0.013 Μ Θ and the six LMC central stars give 
0.583±0.020 M©. 
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