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The purpose of t h i s r e v i e w i s to examine the fundamental o b s e r v a -
t i o n a l parameters of the c e n t r a l s t a r s of p l a n e t a r y n e b u l a e , namely 
t h e i r apparent magnitudes and g r o s s s p e c t r a l c h a r a c t e r i s t i c s , and how 
these r e l a t e to the d e r i v a t i o n or e s t i m a t i o n o f e f f e c t i v e tempera-
t u r e s . 

I . APPARENT MAGNITUDES 

P r o b a b l y the e a s i e s t parameter to measure f o r s t a r s i n g e n e r a l , 
the s imple magnitude i s one o f the more e l u s i v e f o r p l a n e t a r y n u c l e i . 
The prob lem, of c o u r s e , i s the b r i g h t n e b u l a r background, which can 
i n the extreme make the s t a r i m p o s s i b l e even to d e t e c t l e t a lone 
a n a l y z e . My i n t e n t i o n here i s not to p r o v i d e a l i s t i n g o f magnitudes 
— t h a t i s done i n e x c e l l e n t f a s h i o n by A c k e r . e t a l . (1982) and t h e i r 
supplements — b u t to e x p l o r e and c r i t i q u e the v a r i o u s procedures used 
to d e r i v e these c r i t i c a l numbers. 

The methods i n use go a l l the way back to eye e s t imates from 
p h o t o g r a p h i c p l a t e s . Remarkably, I ( K a l e r 1983) needed to use one of 
these ( from C u r t i s 1918) on ly a few y e a r s a g o . F o r t u n a t e l y , w i t h a l l 
the r e c e n t a c t i v i t y i n the s u b j e c t , tha t e r a has m e r c i f u l l y ended. 
N e v e r t h e l e s s , there i s y e t a v a s t body o f p h o t o g r a p h i c measurements 
t h a t a r e s t i l l eminently u s a b l e , s t a r t i n g w i t h Hubble and van Maanen, 
up through the e x t e n s i v e work by Kohoutek and A b e l l : Perek and 
Kohoutek (1967) p r o v i d e v a l u e s and r e f e r e n c e s . These , however, seem 
to s u f f e r from a sys temat ic t r e n d : the n e b u l a r background a p p a r e n t l y 
a f f e c t s the s e n s i t i v i t y o f the p l a t e ( i n e f f e c t p r e - f l a s h e s i t ) and 
makes the s t a r s appear too b r i g h t b y , c r u d e l y , 0™75 (Shaw and K a l e r 
1985) . With c o r r e c t i o n , and adopt ion o f perhaps ±0"?4 e r r o r ( q u i t e 
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s a t i s f a c t o r y f o r much w o r k ) , these magnitudes a r e r e l i a b l e to about 
m = 20. 

The next obvious s tep i s to employ p h o t o e l e c t r i c methods. There 
a r e a v a r i e t y o f i n t e r l o c k i n g ways to approach the p h o t o e l e c t r i c 
problem and the e l i m i n a t i o n of the n e b u l a r background, and we w i l l 
examine them to e v a l u a t e the k inds o f o b j e c t s f o r which each i s most 
s u i t e d . The s i m p l e s t approach i s j u s t to choose n e b u l a e of such low 
s u r f a c e b r i g h t n e s s tha t the background i s i n c o n s e q u e n t i a l . Then, 
l i k e A b e l l (1966) i n h i s fundamental study of l a r g e n e b u l a e , we can 
s imply use s t a n d a r d methods. His UBV v a l u e s a r e p r o b a b l y c o r r e c t to 
w i t h i n a few hundredths of a d i v i s i o n . This procedure l i m i t s us to 
l a r g e o l d n e b u l a e , and i f there i s any n e b u l a r contaminat ion w i l l 
cause the magnitudes to be underes t imated . 

K o s t j a k o v a e t a l . (1968) a p p l i e d UBV photometry to b r i g h t e r , 
more compact o b j e c t s . They attempted to e l i m i n a t e the n e b u l a r 
r a d i a t i o n , which f o r these b r o a d f i l t e r s c o n s i s t s l a r g e l y of l i n e s , 
by s u b t r a c t i n g measurements made away from the s t a r a t s e v e r a l 
p o s i t i o n s i n the n e b u l a p r o p e r . The problem here i s tha t p l a n e t a r i e s 
a r e h i g h l y i r r e g u l a r and the s u r f a c e b r i g h t n e s s a t the s t a r may not 
c o r r e s p o n d to r e a d i n g s made e l s e w h e r e . I n a d d i t i o n , as they p o i n t 
out themselves , the nebu lae must be l a r g e enough to a l l o w such 
measurements. T h e i r de terminat ions seem to be s y s t e m a t i c a l l y too 
b r i g h t by about o n e - h a l f magnitude (Shaw and K a l e r 1985) . 

Shao and L i l l e r (1972: see L i l l e r and Shao 1968, L i l l e r 1978, 
Acker e t a l . 1982) improved the methodology by employing smal l 
a p e r t u r e s and f i l t e r s that avo ided n e b u l a r l i n e s , w i t h subsequent 
t r a n s f o r m a t i o n to the UBV system. However, the problem of the 
n e b u l a r continuum remained u n d e r a p p r e c i a t e d . A p l a n e t a r y l i k e 
NGC 7027 has a t o t a l continuum f l u x a t V e q u i v a l e n t to an e l eventh 
magnitude s t a r ( K a l e r 1976a) , so i t i s i n f a c t a c r u c i a l 
c o n s i d e r a t i o n f o r smal l o b j e c t s . The next l o g i c a l s t e p , t h e r e f o r e , 
i s to c a l c u l a t e i t on the b a s i s o f o b s e r v e d n e b u l a r p a r a m e t e r s , w i th 
p r o c e d u r e s deve loped by Webster (1969) and, more e l a b o r a t e l y , by 
K a l e r (1976b, 1978a) and M a r t i n ( 1 9 8 1 ) , who used the d e t a i l e d 
t h e o r e t i c a l r e s u l t s o f Brown and Mathews ( 1 9 7 0 ) . This technique c u l -
minated i n e x t e n s i v e s t u d i e s by Shaw and K a l e r (1985, 1988) . They 
e x t r a c t e d the s t e l l a r f l u x from the whole by u s i n g measured or 
adopted e l e c t r o n temperatures and d e n s i t i e s and he l ium ion abun-
dances , and a t tached r e a l i s t i c e r r o r s to these q u a n t i t i e s and propa-
g a t e d them through the c a l c u l a - t i o n s . T h e i r work showed the Shao and 
L i l l e r d a t a to be r e l i a b l e f o r nebulae l a r g e r than about 40 a r c 
seconds i n d iameter; s m a l l e r o b j e c t s a g a i n y i e l d e d u n d e r - e s t i m a t e s . 

However, t h i s technique has i t s l i m i t a t i o n s t o o . As the s t a r s 
g e t f a i n t e r r e l a t i v e to the nebu lae i n which they a r e embedded the 
magnitudes become v e r y s u s c e p t i b l e to e r r o r s i n the input parameters , 
and become u n r e l i a b l e . The problem i s e s p e c i a l l y s evere f o r smal l 
h i g h d e n s i t y nebu lae f o r which the hydrogen 2p/2s p o p u l a t i o n r a t i o , 
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c r i t i c a l to the c a l c u l a t i o n of the two quantum continuum, i s 
e s s e n t i a l l y unknown. E v e n t u a l l y , the s t a r s become l o s t i n the 
continuum f l u x . Comparison w i t h o ther magnitude d e r i v a t i o n s sugges t s 
t h a t the Shaw and K a l e r (1985, 1988) r e s u l t s a r e r e a s o n a b l y r e l i a b l e 
to r o u g h l y V - 14.3 and 15 r e s p e c t i v e l y . 

A n a t u r a l e x t e n s i o n of t h i s technique would employ s p e c t r a 
r a t h e r than f i l t e r s . I d e a l l y , the s t e l l a r spectrum and the 
a p p r o p r i a t e n e b u l a r d i a g n o s t i c s f o r the s u b t r a c t i o n o f the n e b u l a r 
continuum would be o b s e r v e d s i m u l t a n e o u s l y . Méndez, K u d r i t z k i , and 
Simon ( 1 9 8 5 ) , f o r example, conver ted t h e i r s p e c t r a i n t o Β magnitudes , 
b u t w i t h o u t such c o r r e c t i o n s ince i t was deemed to be s m a l l . As a 
v a r i a t i o n on t h i s theme, we can use IUE s p e c t r a , which have the 
advantage tha t because the s t e l l a r f l u x r i s e s so s t e e p l y i n t o the UV, 
the c o n t r a s t between the s t a r and the n e b u l a r continuum i s n o t a b l y 
enhanced (Heap 1983) . We can e i t h e r use the UV f l u x e s d i r e c t l y in 
our a n a l y s e s or conver t them to v i s u a l magnitudes v i a an assumption 
o f f l u x d i s t r i b u t i o n and a measurement o f i n t e r s t e l l a r e x t i n c t i o n . 
The method, however, i s q u i t e s e n s i t i v e to e r r o r s i n e x t i n c t i o n , as 
we must c a l c u l a t e the n e b u l a r continuum from the H/3 f l u x , or e x t r a -
p o l a t e the s t e l l a r f l u x over an e q u a l l y l ong wave length b a s e l i n e to 
the v i s u a l . I n a d d i t i o n , i f the n e b u l a i s l a r g e r than the IUE ( o r 
HST! ) a p e r t u r e we do not even know the convo lved Εβ f l u x , and we may 
w e l l be u n c e r t a i n as to our assumed s t e l l a r model . The UV has been 
e x t e n s i v e l y employed by K a l e r and Feibelman (1985) and by Heap and 
Augensen ( 1 9 8 7 ) . The former authors s t u d i e d on ly l a r g e n e b u l a e so 
t h a t no c o r r e c t i o n f o r the n e b u l a was needed, and they conver ted 
t h e i r UV f l u x e s i n t o V magnitudes . The method i s e s p e c i a l l y u s e f u l 
f o r u n r e s o l v e d nebulae w i t h f a i n t s t a r s , and f o r p l a n e t a r i e s whose 
n u c l e i a r e confused w i t h nearby v i s u a l companions ( e . g . K l - 1 4 ) ; i t i s 
the on ly method tha t can be used f o r c l o s e b i n a r i e s such as LoTr 5 
(Fe ibe lman and K a l e r 1983) . 

These magnitudes a r e most commonly employed to c a l c u l a t e Z a n s t r a 
temperatures and l u m i n o s i t i e s . The l i m i t a t i o n s on the methods 
d i s c u s s e d above c o n s p i r e to produce a l i m i t on the d e t e c t a b i l i t y of 
s t a r s i n compact n e b u l a e , which i n turn p l a c e s a l ower l i m i t o f 
r o u g h l y 125,000 Κ on the temperatures ( K a l e r 1986, Shaw and K a l e r 
1988) , which i s be low the turnaround p o i n t on the l o g L - l o g Τ p lane 
(where the n u c l e i b e g i n t h e i r descents to the whi te dwarf zone) f o r 
cores o f 0.6 M Q and up (Paczynsk i 1971; Schonberner 1979, 1983) . The 
h i g h e s t mass c o r e s , however, o f the o r d e r o f 1.4 M Q , a r e p r e d i c t e d to 
reach up to 10 6 K. I n o r d e r to study the h o t t e r v a r i e t y o f s t a r s we 
must a p p l y s o p h i s t i c a t e d imaging t echn iques , i n hopes of d e t e c t i n g a 
f a i n t p o i n t source a g a i n s t the continuum background. Reay e t a l . 
(1984) so determined the magnitudes o f 8 s t a r s by examining the 
n e b u l a e i n narrow l i n e - f r e e wave length b a n d s , and Wal ton e t a l . 
(1986) p r e s e n t r e s u l t s on 21. This type of work cu lminated i n the 
d e t e c t i o n o f the e l u s i v e nuc leus o f NGC 2440 by A t h e r t o n , Reay, and 
P o t t a s c h ( 1 9 8 6 ) , a t a v i s u a l magnitude o f 18.9 and a r e c o r d 
temperature o f 350,000 K. 
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This method too i s not w i thout i t s l i m i t a t i o n s and prob lems . 
The above authors showed i t to be v e r y s e n s i t i v e to s e e i n g . And Heap 
( 1 9 8 7 ) , who d e t e c t e d the NGC 2440 nucleus a t the extreme short -wave 
c a p a b i l i t y o f the IUE, f i n d s i t to be a magnitude b r i g h t e r , and 
consequent ly about 150,000 Κ c o o l e r . O b v i o u s l y the imaging procedure 
i s s u s c e p t i b l e to inhomogenei t ies i n a n e b u l a tha t c o u l d a f f e c t the 
appearance o f the assumed s t e l l a r s o u r c e . To a v o i d a m b i g u i t i e s we 
would have to map the o b j e c t i n the continuum and i n the d i a g n o s t i c 
l i n e s , then compute a map o f the t rue n e b u l a r continuum and s u b t r a c t 
i t from tha t o b s e r v e d to i s o l a t e the pure s t a r : a p r o c e s s not ye t 
at tempted. 

I n summary, the magnitudes o f the p l a n e t a r y n u c l e i a r e d i s t i n c t -
l y improving , b u t a r e s t i l l s u b j e c t to s e r i o u s u n c e r t a i n t i e s a t the 
f a i n t end, above about 15th magnitude. We need to approach the 
problem w i t h the v a r i e t y of techniques o u t l i n e d above , adapted to the 
k i n d o f n e b u l a b e i n g o b s e r v e d . There a r e extremes f o r which the 
cho ice i s c l e a r . F a i n t s t a r s i n extended b r i g h t o b j e c t s can be 
d e t e c t e d on ly by c a r e f u l imaging. For compact, or d i s t a n t u n r e s o l v e d 
n e b u l a e , we must r e s o r t to continuum s u b t r a c t i o n by c a l c u l a t i o n . 
Both methods a r e a i d e d by working i n the UV, which i s a n e c e s s i t y f o r 
a nuc leus u n r e s o l v e d from a b i n a r y companion. 

I I . SPECTRA 

The p l a n e t a r y n u c l e i occupy an enormous p o r t i o n — r o u g h l y one 
q u a r t e r — of the extended l o g L - l o g Τ p l a n e ( e . g . see Po t ta sch 1984 
F i g . I X - 2 ) , and we see a concomitant l a r g e v a r i e t y o f s p e c t r a l 
morpholog ies tha t range from pure emiss ion through emiss ion-
a b s o r p t i o n mixtures and near -cont inuous to pure s t r o n g a b s o r p t i o n . 
O r g a n i z a t i o n of the s p e c t r a i s d i s c u s s e d i n d e t a i l by A l l e r (1968, 
1976, 1977) , who c l a s s i f i e s a l a r g e number o f s t a r s and p r e s e n t s many 
i l l u s t r a t i v e examples , by Smith and A l l e r ( 1 9 6 9 ) , and by Lutz ( 1 9 7 8 ) . 
We c u r r e n t l y r e c o g n i z e W o l f - R a y e t type s p e c t r a , 0 V I emiss ion , Of, 
WR-Of, cont inuous (which do not r e a l l y e x i s t i f we l o o k c l o s e l y 
e n o u g h ) , and a b s o r p t i o n - 0 . 

The appearance of the spectrum depends upon temperature , 
l u m i n o s i t y , and chemical compos i t ion , or more fundamenta l ly , upon 
core mass and s t a t e of e v o l u t i o n (Heap 1982) . The n u c l e i that a r e on 
the descending p o r t i o n s o f t h e i r e v o l u t i o n a r y t r a c k s l a c k winds 
because of t h e i r l owered l u m i n o s i t i e s (Heap 1982, K a l e r and Feibelman 
1985) and t h e r e f o r e have a b s o r p t i o n s p e c t r a . Méndez, K u d r i t z k i , and 
Simon (1985) and Méndez e t a l . (1987, h e r e a f t e r MKHHG), demonstrate 
tha t some show l a r g e composi t ion anomalies tha t p r e s a g e those found 
among the whi te d w a r f s . 

On the h o r i z o n t a l e v o l u t i o n a r y t r a c k s we f i n d more v a r i e t y , as 
winds can deve lop toward h i g h e r l u m i n o s i t y . MKHHG f o r example 
demonstrate that f o r l o g Τ > 4 .45 , He I I Λ4686 passes from a b s o r p t i o n 
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to emis s ion , produc ing an Of type s t a r , a t a core mass o f about 0 .7 , 
or l o g L « 4 . 1 . S t a r s w i t h p o w e r f u l carbon emiss ions a r e a r r a y e d 
from the l o w e s t d e t e c t a b l e temperatures (M4-18, b e l o w 25,000 K: 
Goodr ich and Dahar i 1985) , where C I I and C I I I dominate, to over 10 5 

Κ (Smith and A l l e r 1969, K a l e r and Shaw 1984) where C IV r e i g n s and 
even C V i s d e t e c t e d (Méndez and Niemela 1982) . 

These WC s t a r s a l s o e x h i b i t a s t r o n g mixture of oxygen l i n e s in 
t h e i r s p e c t r a , as w e l l as those o f s i l i c o n . 0 I I i s important a t the 
c o o l l i m i t , and i n the 30,000 Κ range we f i n d p o w e r f u l 0 I I I and even 
the b e g i n n i n g of 0 V ( A l l e r 1968) . Oxygen r e a l l y makes i t s presence 
f e l t above 80,000 Κ ( K a l e r and Shaw 1984) where 0 V I d e v e l o p s , 
c r e a t i n g the we l l -known 0 V I s t a r s , c l a s s i f i e d by Méndez and Niemela 
(1982) as WC2-WC4. A t the extreme these l a t t e r authors even i d e n t i f y 
s t r o n g 0 V I I . The p r i n c i p a l 0 V I f e a t u r e i s the 3 s 2 S - 3 p 2 P d o u b l e t a t 
Λ3811-λ3834 Â . Wind speed i s a s t r o n g f u n c t i o n o f e f f e c t i v e tempera-
t u r e ( K a l e r , Mo, and Pot tasch 1985) , and a t these h i g h v a l u e s these 
l i n e s a r e u s u a l l y b l e n d e d i n t o one w i t h an e f f e c t i v e wave length of 
3820 Â . 

The c r i t i c a l l u m i n o s i t i e s needed f o r the development o f the WC 
and 0 V I phenomena a r e unknown. Al though we a r e a b l e to d e r i v e 
Z a n s t r a temperatures f o r them, the d i s t a n c e s a r e too i n s e c u r e to 
e n a b l e the a b s o l u t e b o l o m e t r i c magnitudes to be found. The constant -
mass ( S h k l o v s k y ) d i s t a n c e method i s not a f i n e enough d i s c r i m i n a t o r 
to s t a r t w i t h , the d i f f i c u l t y compounded by the o p t i c a l l y t h i c k 
n a t u r e s o f the nebu lae w i t h coo l WC n u c l e i . And the a p p e a l i n g method 
deve loped i n MKHHG does not work as these s t a r s have no a n a l y z a b l e 
p h o t o s p h e r i c a b s o r p t i o n s . Consequent ly we a r e i g n o r a n t about even 
fundamental matters concerning these remarkable windy s t a r s . 

Rea l p r o g r e s s w i l l r e q u i r e c o n s i d e r a b l e q u a n t i t a t i v e measurement 
o f emiss ion l i n e f l u x e s w i t h b r o a d wave length c o v e r a g e . A s t r o n g 
s t a r t i n t h i s d i r e c t i o n has been made by A l l e r (1977) and more 
r e c e n t l y by A l l e r and Keyes ( 1 9 8 5 ) , who t r e a t a wide v a r i e t y of 
o b j e c t s . Extreme low and h i g h e x c i t a t i o n s t a r s have been so examined 
by Goodr ich and Dahar i (1985) and K a l e r and Shaw (1984) r e s p e c t i v e l y . 
The winds that c r e a t e these b i z a r r e s p e c t r a a r e a p p a r e n t l y q u i t e 
s i g n i f i c a n t i n the e v o l u t i o n of p l a n e t a r y n u c l e i ( I b e n 1984) , and i t 
i s important that we unders tand them b e t t e r than we now do . 

I I I . TEMPERATURES 

The r e a l c o n t r o v e r s i e s w i t h i n the b r o a d s u b j e c t o f s t e l l a r 
p r o p e r t i e s a r e r e s e r v e d f o r t emperatures . There a r e a v a r i e t y of 
ways o f approaching the problem and of d e r i v i n g t h i s c r i t i c a l 
parameter tha t a r e w e l l - d e s c r i b e d i n the l i t e r a t u r e : the c l a s s i c 
Z a n s t r a method, i n which we compare the n e b u l a r recombinat ion f l u x 
w i t h the s t e l l a r magnitude ( e . g . Harman and Seaton 1964); the energy-
b a l a n c e ( S t o y ) method, which avo ids the s t a r by comparing n e b u l a r 
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f o r b i d d e n and recombinat ion l i n e f l u x e s ( K a l e r 1976c, P r e i t e - M a r t i n e z 
and Po t ta sch 1983); a n a l y s i s or model ing of the n e b u l a r i o n i c 
d i s t r i b u t i o n ( N a t t a , P o t t a s c h , and P r e i t e - M a r t i n e z 1980; H a r r i n g t o n 
and Feibelman 1983); UV energy d i s t r i b u t i o n ( P o t t a s c h e t a l . 1978, 
Lutz and Carnochan 1979; H a r r i n g t o n e t a l . 1982; C l e g g and Seaton 
1983; K a l e r and Feibelman 1985; Grewing and B i a n c h i 1987); diameter 
c o r r e l a t i o n s deve loped from the l a t t e r (Amnuel e t a l . 1985); and the 
model ing o f s t e l l a r a b s o r p t i o n l i n e s (Mendez, K u d r i t z k i , and Simon 
1985; MKHHG). Extens ive l i s t s o f temperatures a r e g i v e n i n s e v e r a l 
o f the r e f e r e n c e s o f t h i s s e c t i o n , as w e l l as by Pot tasch (1984) and 
Khromov ( 1 9 8 5 ) . 

The methods do not y i e l d good agreement w i t h one another , 
c a r r y i n g on an argument tha t has e x i s t e d f o r n e a r l y 50 y e a r s . The 
fundamental problem i s that b l a c k b o d y Z a n s t r a temperatures b a s e d on 
He I I , which d e r i v e from the s t e l l a r spectrum shor tward o f Λ228Α, are 
f r e q u e n t l y h i g h e r (and o f t e n much h i g h e r ) than those b a s e d on H, 
which use the i n t e g r a t e d spectrum shor tward o f Λ912Α. Z a n s t r a (1961) 
b e l i e v e d t h i s d i s c r e p a n c y to be caused by d e v i a t i o n s from a 
b l a c k b o d y , i . e . a UV excess shor tward of Λ228; Minkowski (1942) and 
Wurm (1951) thought i t due to o p t i c a l depth , where in the t r u e 
e f f e c t i v e temperature should be s e t equa l to T z ( H e I I ) , the H v a l u e 
b e i n g a lower l i m i t caused by the escape o f Lyman continuum 
r a d i a t i o n . The l a t t e r v i e w has g e n e r a l l y p r e v a i l e d i n the 
c o n s t r u c t i o n o f e v o l u t i o n a r y diagrams (Sea ton 1966, K a l e r 1983) . 
However, i t i s c l e a r that model atmospheres ( e . g . Hummer and M i h a l a s 
1970; Henry and Shipman 1986, h e r e a f t e r HS; see H a r r i n g t o n and 
Feibelman 1983, and Pot tasch 1984) r e a l l y do show s e v e r e d e p a r t u r e s 
from the b l a c k b o d y , s e r i o u s l y compromising many ex tant s t u d i e s . 

MKHGG's r e c e n t d e r i v a t i o n o f s t e l l a r p r o p e r t i e s by l i n e - p r o f i l e 
f i t t i n g p r o v i d e s an independent way of checking the b l a c k b o d y Z a n s t r a 
( T z ) and Stoy ( T s ) t emperatures . The comparison, i n F i g u r e 1, shows 
T z and T s p l o t t e d a g a i n s t those found from the l i n e f i t s . The T z 

above 60,000 Κ (open symbols) a r e a l l d e r i v e d from He I I a c c o r d i n g to 
common p r a c t i c e . The c l a s s i c Z a n s t r a d i s c r e p a n c y shows c l e a r l y in 
t h a t the T z ( H e I I ) a r e s y s t e m a t i c a l l y too h i g h , c o n s i s t e n t w i t h HS's 
f l u x d i s t r i b u t i o n s f o r low He abundances, which a r e indeed found f o r 
these s t a r s by MKHHG. I n f a c t the a v e r a g e amount o f the d i s c r e p a n c y 
i s 19,000 K, n i c e l y w i t h i n the range of tha t a n t i c i p a t e d by HS. 

The T z ( H ) f o r these hot s t a r s ( f i l l e d symbols ) a l l f a l l be low 
T(MKHHG), which can s t i l l be e x p l a i n e d by o p t i c a l depth e f f e c t s ; 
these n e b u l a e e i t h e r e x h i b i t l i t t l e i n the way o f low e x c i t a t i o n 
i o n s , or they posses s o u t e r s h e l l s that demonstrate the l e a k a g e of 
i o n i z i n g r a d i a t i o n . Genera l support f o r the o p t i c a l depth 
e x p l a n a t i o n comes from the c o r r e l a t i o n between the T z ( H e I I ) / T Z ( H ) 
r a t i o s and the s t r e n g t h s of low e x c i t a t i o n i o n s , which d i s a p p e a r when 
the r a t i o s approaches h i g h v a l u e s ( K a l e r 1983) . A p a r t i c u l a r 
argument a g a i n s t the lower MKHHG temperatures i s NGC 7293 ( t h e top 
p o i n t i n F i g . 1 ) , f o r which the Η and He I I Z a n s t r a v a l u e s a g r e e . 
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50 60 70 

Τ (MKHHG) (Κ) 

F i g . 1. Τ ζ and T s p l o t t e d 
a g a i n s t Τ(MKHHG). Above T 2 

— 60,000 Κ the open symbols 
r e p r e s e n t He I I tempera-
t u r e s ; b e l o w i t they i n d i -
ca te v a l u e s d e r i v e d from Η 
f o r n e b u l a e t h a t do not 
e x h i b i t He I I . The f i l l e d 
symbols denote T 2 ( H ) f o r 
s t a r s f o r which there a r e 
T z ( H e I I ) v a l u e s . The 
smal l s o l i d dots a r e the 
means o f T z ( H e I I ) and 
T z ( H ) . Sources a r e Θ: 
K a l e r ( 1 9 8 3 ) ; • , Δ: Shaw 
and K a l e r (1985, 1988); V: 
t h i s paper (NGC 1535, 3242, 
7009 w i t h c o r r e c t e d photo-
g r a p h i c m a g n i t u d e s ) . The X 
symbols r e p r e s e n t Stoy 
temperatures : s m a l l : 
e s t imated from Λ5007 and 
K a l e r ( 1 9 7 8 b ) ; middle s i z e : 
computed v a l u e s from K a l e r 
(1976c ,1978b) ; l a r g e : f our 
p o i n t s f a l l i n g t o g e t h e r . 

C u r i o u s l y , the a v e r a g e o f T z ( H e I I ) and T z ( H ) ( s m a l l d o t s ) f i t s 
( p r o b a b l y f o r t u i t o u s l y ) w i t h T(MKHHG) q u i t e w e l l . There may be no 
s i n g l e answer to the Z a n s t r a d i s c r e p a n c y : i t may be caused by some 
combinat ion o f both e f f e c t s , t h e i r r e l a t i v e importance depending upon 
such parameters as n e b u l a r s i z e , and s t e l l a r t emperature , l u m i n o s i t y , 
and compos i t ion . 

Below 60,000 K, where we must use T z ( H ) (which shou ld now be 
c o r r e c t s ince these nebu lae ought to be o p t i c a l l y t h i c k ) , the Z a n s t r a 
temperatures s t i l l f a l l s y s t e m a t i c a l l y b e l o w the MKHHG v a l u e s , a 
r e s u l t not p r e d i c t e d by HS. Systematic magnitude e r r o r s ( S e c t i o n I ) 
c o u l d p l a y a r o l e . The Stoy t emperatures , however , a c t u a l l y agree 
r a t h e r w e l l w i t h MKHHG's r e s u l t s ( a l t h o u g h s t i l l a b i t b e l o w them), 
so t h a t we might be tempted to th ink tha t we can a c t u a l l y d e r i v e 
r e a l i s t i c v a l u e s f o r these c o o l e r s t a r s . 

A problem w i t h the l i n e p r o f i l e temperatures a r i s e s from K a l e r 
and Fe ibe lman' s (1985) f i n d i n g tha t p l a n e t a r y n u c l e i can have 
R a y l e i g h - J e a n s ( i n f i n i t e t emperature) energy d i s t r i b u t i o n s i n the 
a c c e s s i b l e UV, f a r s t e e p e r than i m p l i e d by the Z a n s t r a temperatures . 
Th i s problem has y e t to be a d d r e s s e d : u n t i l the models used f o r 
s t e l l a r a n a l y s i s can reproduce t h i s odd c h a r a c t e r i s t i c ( o r the IUE 
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o b s e r v a t i o n s a r e found to be f l a w e d ) , we must be c a u t i o u s about us ing 
the r e s u l t s d e r i v e d from them. 

The K a l e r and Feibelman (1985) r e s u l t s have a more s i g n i f i c a n t 
b e a r i n g on temperatures d e r i v e d d i r e c t l y from UV energy d i s t r i b u -
t i o n s . I t i s h a r d to have conf idence i n any of the r e s u l t s so found 
when some o f them a r e so o b v i o u s l y wrong. I n o r d e r to i n t e r p r e t the 
s l o p e s o f the s t e l l a r cont inua tha t a r e f l a t t e r than R a y l e i g h - J e a n s 
i n terms o f t emperature , we must f i r s t be a b l e to unders tand how the 
anomalously s teep s l o p e s can a r i s e . Thus the 90,000 Κ temperature 
found f o r NGC 40 (whose Stoy temperature from K a l e r 1976 i s 32,000 K) 
by Grewing and B ianch i (1987) i s p r o b a b l y too h i g h , and l i k e most of 
the v a l u e s d e r i v e d by K a l e r and Feibelman (1985) should a t l e a s t f o r 
now be c o n s i d e r e d an upper l i m i t . The use o f the continuum f o r coo l 
WC s t a r s i s a l s o compromised by the d i f f i c u l t y i n l o c a t i n g i t because 
o f a l l the l i n e f e a t u r e s (Heap 1983; K a l e r e t a l . 1988) . 

F i n a l l y , l e t us t i e these three s e c t i o n s t o g e t h e r by c o n s i d e r i n g 
a temperature c a l i b r a t i o n of s p e c t r a l c l a s s much as i s t r a d i t i o n a l l y 
done f o r the main sequence. Most o f the p l a n e t a r y s p e c t r a l c l a s s e s 
( O f , WR-Of) a r e i n s u f f i c i e n t l y d e s c r i b e d and s u b d i v i d e d , b u t the WC 
system g i v e n to us by Méndez and Niemela (1983) p r o v i d e s a good 

5.2r 

4 6 
WC Class 

F i g . 2. Temperature c a l i b r a t i o n o f the WC c l a s s i f i c a t i o n of Méndez 
and Niemela ( 1 9 8 3 ) . For e a r l y types (WC2-4) the open symbols r e p r e -
sent T z ( H e I I ) from K a l e r and Shaw (1984) and Shaw and K a l e r ( 1 9 8 8 ) , 
and the c l o s e d symbols r e p r e s e n t e q u i v a l e n t MKHHG temperatures , T z ( H e 
I I ) l o w e r e d by 19,000 K. Log Τ f o r NGC 5315 i s an a v e r a g e of these 
w i t h T s d e r i v e d from Λ5007. For the l a t e r types (WC8-10) T s i s used 
f o r NGC 40 and BD+30 ( K a l e r 1976c, 1978b) and M4-18 ( G o o d r i c h and 
D a h a r i 1985) , and Τ (Η) f o r He2-99 from Shaw and K a l e r ( 1 9 8 8 ) . 
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o p p o r t u n i t y . These a r e p l o t t e d i n F i g u r e 2 w i t h T z ( H e I I ) and the 
e q u i v a l e n t T(MKHHG) f o r the hot s t a r s (WC2-4) and, w i t h one excep-
t i o n , T s f o r the coo l ones . The r e s u l t i s q u i t e s i m i l a r to that 
p r e v i o u s l y o b t a i n e d by Méndez e t a l . ( 1 9 8 6 ) . We see a n i c e l i n e a r 
r e l a t i o n s h i p , which means tha t as the temperatures improve and we are 
a b l e to r e s o l v e the d i s c r e p a n c i e s among the methods, we w i l l be a b l e 
to i n f e r T e f f d i r e c t l y from s p e c t r a l c l a s s . The next s tep i s to 
s u b d i v i d e the o ther k inds of s t a r s p r o p e r l y . One d i s c o n c e r t i n g 
a s p e c t o f t h i s f i g u r e i s the c u r i o u s gap between WC4 and WC8, which 
i m p l i e s tha t the hot WC c l a s s may not be d i r e c t l y r e l a t e d to the coo l 
one. That does not compromise t h e i r c a l i b r a t i o n , however . 

I n summary, the p a s t few y e a r s have seen some s i g n i f i c a n t 
advances that i n c l u d e improved magnitudes and the re f inement o f 
temperature methods. There remain important u n s o l v e d ques t i ons such 
as the o r i g i n of the Z a n s t r a d i s c r e p a n c y and the r e l a t i v e e f f e c t s of 
o p t i c a l depth , d e v i a t i o n of s t e l l a r energy d i s t r i b u t i o n s from 
b l a c k b o d i e s , and the e f f e c t o f m o d e l - e r r o r s on the d e r i v e d 
t emperatures . I n a l l , however, p r o g r e s s has been i m p r e s s i v e . 
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