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" . . . some 25 years ago when I analyzed Sirius . . . the result was tha t there 
wasn' t any difference between the sun and Sirius, but I am sure tha t this 
was because of a wrong tempera ture . If we had concluded tha t there was 
a difference, we would have been in trouble because the accepted dogma 
then was tha t all s tars had the same composition and tha t all these effects 
were produced by special excitation mechanisms."-L. H. Aller p . 327. 

O. J. E G G E N : The following remark is only part ly facetious. Get t ing a 
"normal" s tar seems to be like gett ing 20/20 vision. I would think tha t this 
symposium, if nothing else, could decide to name at least two "normal" 
main-sequence A s tars-or half-a-dozen would help. 

W. P. BIDELMAN: I think tha t the I. A. U. should issue a s tandard l is t -
which we could immediately s tar t observing intensively and whit t le down 
to nothing, p . 541 

Normal A stars are ra ther like normal people. If you don' t look too hard, 
there seem to be quite a few of them. After you get to know them well, 
most seem a little crazy. CRC 1990. 

ABSTRACT. O u r c o n c e p t of n o r m a l A s t a r s is severely in f luenced by 
t h e d e a r t h of f e a t u r e s in t h e low r e s o l u t i o n s p e c t r a of t h e s e o b j e c t s t h a t 
h a v e b e e n u s e d for c lassif icat ion. T h e re la t ive ly sma l l n u m b e r of l ines vis-
ib le a t s u r v e y d i s p e r s i o n h a s a lso led u s t o g r e a t l y simplify t h e c o m p l e x i t y 
of s p e c t r o s c o p i c p a t t e r n s t h a t c a n occu r . T h e λ B o o s t a r s were n o t e d as a 
class b e c a u s e of t h e p r o m i n e n c e of t h e Λ4481 l ine of M g I I . W e call a t t e n -
t i o n t o l ines of V I I a n d Ni I I t h a t a r e s t r o n g in superf ic ia l ly n o r m a l s t a r s , 
a n d su rp r i s i ng ly weak in s t r ong - l i ned s t a r s w i t h obv ious o v e r a b u n d a n c e s of 
c h r o m i u m , m a n g a n e s e , a n d i ron . I t is a lso useful t o n o t e t h a t i r on i tself c a n 
b e b o t h u n d e r a b u n d a n t a n d o v e r a b u n d a n t in C P s t a r s . W e call a t t e n t i o n t o 
a n i m p o r t a n t n e w work by V e n n a n d L a m b e r t t h a t deve lops t h e ea r l i e r sug-
ges t i on t h a t λ B o o s t a r s m a y h a v e f o r m e d f rom g a s t h a t h a s b e e n s e p a r a t e d 
f rom i n t e r s t e l l a r g r a i n s . 
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1 . I N T R O D U C T I O N 
1 . 1 . 

M o s t of t h e p r o b l e m of f inding " n o r m a l A s t a r s " is t h a t we a r e n o t 
en t i r e ly c lea r a b o u t w h a t o n e is . S idney Wolff 's (1983) b o o k o n t h e A 
s t a r s h a s a n e n t i r e c h a p t e r o n n o r m a l A - t y p e s t a r s , a n d b e i n g a careful 
worke r , s h e s t a r t s w i t h a c lear def ini t ion: a n o r m a l A - t y p e s t a r is o n e t h a t 
a t c lass i f ica t ion d i s pe r s i ons shows n o n e of t h e a n o m a l i e s c h a r a c t e r i s t i c of t h e 
m a g n e t i c A p , A m , λ B o o , o r o t h e r t y p e s of pecu l i a r s t a r s ; t h a t . . . a p p e a r s t o 
h a v e a c o m p o s i t i o n like t h e S u n ' s ; a n d t h a t e x h i b i t s n o var iab i l i ty , e i t h e r 
r e g u l a r o r i r r e gu l a r . 

T h i s is a g o o d def in i t ion , b u t I prefer n o t t o u s e i t h e r e b e c a u s e it 
e x c l u d e s t o o m a n y s t a r s . M o s t worke r s w o u l d a g r e e t h a t n e i t h e r Si r ius 
n o r V e g a w o u l d qual i fy a s " n o r m a l " u n d e r t h i s def in i t ion . W e h a v e k n o w n 
a b u n d a n c e s in S i r ius r e s e m b l e d t h o s e in A m s t a r s s ince t h e 1960 ' s (cf. C o n t i 
1970) . Recen t l y , t h e u n d e r a b u n d a n c e s in Vega h a v e refused t o d i s s i p a t e , a n d 
t h e r e h a s e v e n b e e n s o m e i n d i c a t i o n of low level va r i ab i l i ty Fe rn ie (1981) . 

M y o w n p re fe rence h a s b e e n t o s p e a k of superficially normal stars. T h i s 
m e a n s t h o s e o b j e c t s t h a t c a n b e classified u n d e r t h e M K or M K K s y s t e m , 
t h a t is , w i t h i n a t w o - d i m e n s i o n a l s c h e m e , a t r o u g h l y 1 2 5 Â / m m . T h u s , for 
t h e p r e s e n t p u r p o s e s , al l of t h e C 2 J 2 (Cowley , et al. 1969) o b j e c t s classified 
a s l a t e Β o r A dwar f s , w i t h o u t f u r t h e r qual i f ica t ion , a r e superf ic ia l ly n o r m a l . 
B o t h S i r ius a n d Vega a r e superf ic ia l ly n o r m a l ; λ B o o t i s , a r g u a b l y , is n o t (see 
b e l o w ) . 

T h i s w o r k i n g def in i t ion h a s t h e a d v a n t a g e of g iv ing u s s o m e s t a r s t o 
t a l k a b o u t . O n t h e o t h e r h a n d it h a s a d i s t i n c t d i s a d v a n t a g e , r e l a t i v e t o 
Wolff ' s def in i t ion . I t l im i t s pecu l i a r i t i e s t o t h o s e t h a t c a n b e r e c o g n i z e d 
a t low d i spe r s ion . S t a r s c a n qualify a s b e i n g superf icial ly n o r m a l if t h e y 
h a v e l a r g e underabundances of e l e m e n t s w h o s e s p e c t r a l l ines c a n n o t b e seen 
a t c lass i f ica t ion r e s o l u t i o n . Ac tua l ly , m o s t e l e m e n t s c a n b e u n d e r a b u n d a n t . 
N e a r AO V , a t c lass i f icat ion d i spe r s ion on ly l ines of a very few e l e m e n t s a r e 
seen . 

1 . 2 . 
M a n y c r i t i ca l e l e m e n t s a r e n o t e x a m i n e d in low r e s o l u t i o n s u r v e y s - S r , 

Y , B a , e t c . W e k n o w a b o u t t h e p e c u l i a r b e h a v i o r of t h e s e e l e m e n t s in a 
few s t a r s w h e r e a b u n d a n c e s h a v e b e e n d e t e r m i n e d , o r w h e r e h i g h - r e s o l u t i o n 
s u r v e y s h a v e b e e n m a d e . B u t u n t i l recent ly , l i t t l e h a s b e e n d o n e t o s t u d y 
t h e s t a r - t o - s t a r s y s t e m a t i c s of i n d i v i d u a l e l e m e n t s . 

W e k n o w s o m e t h i n g a b o u t t h e s y s t e m a t i c s of s c a n d i u m , y t t r i u m , a n d 
z i r c o n i u m in t h o s e c a l c i u m weak s t a r s t h a t a r e k n o w n as A m ' s . S c a n d i u m is 
u s u a l l y c o r r e l a t e d w i t h c a l c i u m C o n t i (1965) , a l t h o u g h t h e t w o d o n o t v a r y 
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in l o c k s t e p ( B o y a r c h u k a n d Savanov 1986) . T h e r e a r e s t a r s w i t h e n h a n c e d 
m e t a l s t h a t h a v e n o r m a l c a l c i u m a n d s c a n d i u m , C o n t i ' s (1970) " t y p e ( c ) . " 
D o b r i c h e v , R y a b c h l k o v a , a n d R a i k o v a (1987) r ecen t ly s t u d i e d s u c h a case , 
θ V i r . M o r e o v e r , t h e r e a r e s c a n d i u m s t r o n g s t a r s , e.g. 22 C o m , φ H e r . Are 
they astrophysically less significant because they don't have a special name? 

T h e r e is a s ay ing a m o n g t h o s e c o n c e r n e d w i t h t h e t r e a t m e n t of d i sease , 
t h a t p r o g r e s s w i t h a n y p a r t i c u l a r f o r m of i l lness is m a d e on ly af ter t h e es-
t a b l i s h m e n t of a " f o u n d a t i o n " for t h a t d i sease . Likewise , w i t h a n o m a l o u s 
s t a r s , a t t e n t i o n s e e m s t o b e wide ly d i r e c t e d t o named p e c u l i a r i t y t y p e s , s u c h 
a s m e r c u r y - m a n g a n e s e s t a r s , o r t h e A m ' s . W i t h few e x c e p t i o n s (cf. J a s c h e k 
a n d J a s c h e k 1974) t h e r e h a s b e e n su rp r i s ing ly l i t t l e a t t e n t i o n d e v o t e d t o 
v a r i a t i o n s w i t h i n famil ies a n d why such variations occur. M y e x p e r i e n c e , ask-
ing t h e o r e t i c i a n s a b o u t t h e poss ib le r e a s o n for v a r i a t i o n s w i t h i n a p e c u l i a r i t y 
t y p e , is t h a t t h e y s t a r t t o t a l k a b o u t n o n - L T E . 

O n e of t h e g o o d t h i n g s a b o u t t h e c u r r e n t i n t e r e s t i n t h e superf ic ia l ly 
n o r m a l s t a r s m a y b e t h a t , s ince t h e y all h a v e t h e s a m e classif icat ion, p e o p l e 
will t a k e t h e def in i te a b u n d a n c e v a r i a t i o n s a m o n g t h e m seriously. 

W e c a n n o t o v e r e m p h a s i z e t h e i m p o r t a n c e of selection effects in t h e gen-
e ra l q u e s t i o n of n o r m a l vs. p e c u l i a r s t a r s . T h e r e a r e h u g e differences in t h e 
l ow-d i spe r s ion s p e c t r a of l a t e a n d ea r ly s t a r s . T h e f o r m e r a r e ve ry "busy , " 
t h e l a t t e r r e l a t ive ly "c lean . " T h i s m e a n s t h a t t h e d e t e c t i o n of s p e c t r o s c o p i c 
p e c u l i a r i t i e s is h igh ly favored in ea r ly s t a r s . I t is well t o n o t e t h a t t h e A m 
class ex i s t s b e c a u s e c a l c i u m deficiencies t h a t a r e on ly a f ac to r of t h r e e o n 
t h e a v e r a g e , can be seen a t low d i spe r s ion . U n t i l t h e las t d e c a d e or so , m a n y 
other a b u n d a n c e a n o m a l i e s of t h i s o r d e r in lower m a i n s e q u e n c e o b j e c t s were 
n o t t a k e n ser iously . 

1 . 3 . 

T h e superf ic ia l ly n o r m a l s t a r s m a y h a v e a key ro le t o p l ay in o u r u n d e r -
s t a n d i n g of t h e chemica l ly pecu l i a r ( C P ) s t a r s of t h e u p p e r m a i n s equence . 
T h e o r i e s of chemica l d i f fe ren t ia t ion h a v e p r o v i d e d u s w i t h t h e on ly self-
c o n s i s t e n t ba s i s for a n u n d e r s t a n d i n g of t h e s e o b j e c t s . B u t t h e t heo r i e s a r e 
r u d i m e n t a r y in t h e sense t h a t t h e y h a v e on ly r ecen t ly b e g u n t o m a k e use-
ful p r e d i c t i o n s of t h e b e h a v i o r of s p e c t r a l pecu l i a r i t i e s a s a func t ion of t h e 
p h y s i c a l s t a t e a n d h i s t o r y of s t e l l a r enve lopes . 

M o s t i n t e r e s t i n g r e c e n t d e v e l o p m e n t s a l o n g t h i s l ine h a v e b e e n t h o s e 
c o n n e c t e d w i t h t h e l i t h i u m a b u n d a n c e s y s t e m a t i c s in c lu s t e r g i a n t s a n d F 
dwar f s . T h e o r y se t s s t r i n g e n t l im i t s o n t h e o t h e r w i s e u n o b s e r v a b l e h y d r o -
d y n a m i c s of s t e l l a r enve lopes . T h e s e ideas a r e d i scussed by C h a r b o n n e a u , 
M i c h a u d , a n d Proff i t t (1989) , a n d C h a r b o n n e a u a n d M i c h a u d (1988) . 

In t h e s imp le s t m o d e l s of chemica l s e p a r a t i o n , s t a r s a r r i v e o n t h e m a i n 
s e q u e n c e w i t h " n o r m a l " o r " so la r" a b u n d a n c e s . T h e surficial a b u n d a n c e s 
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t h e n c h a n g e a s a r e su l t of differential diffusion c o u p l e d w i t h m a s s loss (cf. 
V a u c l a i r a n d V a u c l a i r 1982, M i c h a u d 1986, A lec i an 1986) . 

T h u s far , a n y history of deve lop ing a b u n d a n c e patterns r e m a i n s largely , 
t h o u g h n o t en t i re ly , u n e x p l o r e d . I t is genera l ly r ecogn ized t h a t t h e h e l i u m 
m u s t s ink f r o m t h e enve lopes of A m s t a r s before t h e c a l c i u m b e g i n s t o se t -
t l e . S ince h e l i u m c a n n o t b e easi ly o b s e r v e d in t h e A m ' s , we c a n ' t look 
for s t a r s w i t h d e p l e t e d h e l i u m b u t n o r m a l c a l c i u m a n d s c a n d i u m , t h a t is , 
n a s c e n t A m ' s . Differences i n t h e a n o m a l i e s of C P s t a r s h a v e gene ra l l y b e e n 
a t t r i b u t e d t o m a g n e t i c fields, m a s s loss , o r t u r b u l e n c e , b u t not t o a n y differ-
e n c e in t h e s p e e d a t w h i c h t h e a n o m a l i e s deve lop . B u t s o m e of t h e o b s e r v e d 
differences m a y b e d u e t o t h e r e l a t ive m a t u r i t y of t h e s e p a r a t i o n p roces se s , 
a n d we j u s t d o n ' t ye t r ecogn ize w h i c h . 

T h e superf ic ia l ly n o r m a l A s t a r s c a n b e i m p o r t a n t in t h i s r e s p e c t b e -
c a u s e t h e y o u g h t t o b e ab l e t o te l l u s s o m e t h i n g a b o u t t h e order in which 
the peculiarities develop. A s a h y p o t h e t i c a l ( en t i r e ly ) n o r m a l s t a r b e g i n s t o 
d e v e l o p a n o m a l i e s , i t s h o u l d a t first show on ly m i l d pecu l i a r i t i e s , a n d w o u l d 
st i l l qual ify a s superf ic ia l ly n o r m a l . C o n s i d e r t h e s t a r 46 Aql , w h i c h D w o r e t -
sky (1975) h a s c h a r a c t e r i z e d a t n o r m a l a t d i spe r s ions a b o v e 10 A / m m . A t 
h i g h e r d i s p e r s i o n , t h e Λ3984 l ine of H g I I is seen, a long w i t h o t h e r p e c u -
l ia r i t i es (cf. Cowley 1980, F i g 2 ) . T h e h e l i u m is weak , a n d m a n g a n e s e is 
n o t p a r t i c u l a r l y s t r o n g , b u t Ρ I I is well deve loped , a n d , of c o u r s e , m e r -
c u r y is w e a k l y p r e s e n t . I t is n a t u r a l t o ask w h e t h e r t h e p h o s p h o r u s a n d 
m e r c u r y a n o m a l i e s a r e e x p e c t e d t o deve lop before m a n g a n e s e . M o d e r n t i m e -
d e p e n d e n t c a l c u l a t i o n s of abundance patterns (cf. A lec ian 1977) a r e u r g e n t l y 
n e e d e d . 

1.4. 

W e s h o u l d n o t forget t h a t a m o n g t h e wel l -known C P s t a r s , t h e r e a r e 
s o m e r e m a r k a b l e underabundances. S o m e t h o u g h t m u s t b e d e v o t e d t o t h e 
c a u s e s of t h e s e u n d e r a b u n d a n c e s , a n d t h e i r poss ib le r e l a t i o n s h i p t o t h e u n -
d e r a b u n d a n c e s f o u n d i n t h e λ B o o s t a r s . Le t m e p a s s t h e w e l l - k n o w n defi-
c iencies in t h e A m s t a r s , a n d t u r n t o s o m e pecu l i a r i t i e s t h a t a r e less w ide ly 
d i scussed . 

T h e m a n g a n e s e s t a r s 53 T a u ( A d e l m a n 1987, 1988a) a n d espec ia l ly H R 
562 ( P t i t s y n a n d R y a b c h i k o v a 1986) a r e r e m a r k a b l e in t h e i r i r o n deficiencies. 
I ronica l ly , 5 3 T a u h a s s t r o n g Μ η I I , b u t n o H g I I Λ3984. I t is a m a n g a n e s e 
s t a r , b u t n o t a m e r c u r y - m a n g a n e s e s t a r . H R 562 shows t h e H g I I l ine c lear ly , 
a s d o e s H R 2844 (Al len 1977) , a n o t h e r i ron -weak m a n g a n e s e s t a r . B u t we 
k n o w t h a t w e a k i r o n is not t yp i ca l of m a n g a n e s e s t a r s b e c a u s e s o m e of t h e m 
a r e u n d o u b t e d l y i r o n r ich , for e x a m p l e , H R 7664 (Al l en 1977 , A d e l m a n 
1988b) a n d 112 H e r ( S e l i g m a n a n d Al ler 1970) . O t h e r m a n g a n e s e s t a r s 
a p p e a r t o h a v e n o r m a l i ron a b u n d a n c e s . 
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T h e s t a r H R 6000 , w h o s e pecu l i a r i t i e s were n o t e d by Bessel l a n d E g g e n 
( 1 9 7 2 ) , h a s a s i l icon deficiency t h a t is poss ib ly t w o o r d e r s of m a g n i t u d e 
( A n d e r s e n , J a s c h e k , a n d Cowley 1984) . T h e si l icon a n o m a l y is e n o u g h t o se t 
t h i s o b j e c t off f rom typ i ca l m e r c u r y - m a n g a n e s e s t a r s . Cas te l l i , C o r n a c h i n , 
H a c k , a n d Moros s i (1984) r e p o r t a b u n d a n c e s gene ra l ly in a g r e e m e n t w i t h 
p r e l i m i n a r y a s s e s s m e n t s of t h e a b o v e a u t h o r s . I n t h i s s t a r , l ines of t h e C N O 
e l e m e n t s a r e a r g u a b l y w e a k . H R 6000 is a s s o c i a t e d w i t h t h e ve ry y o u n g 
o b j e c t H R 5999 , a n d Cas te l l i et al sugges t a s s o c i a t i o n w i t h c i r c u m s t e l l a r 
m a t t e r . T h i s m a y t a k e o n n e w signif icance in v iew of r e m a r k s t o b e m a d e 
b e l o w in c o n n e c t i o n w i t h t h e λ B o o s t a r s . 

O n e of t h e m o s t r e m a r k a b l e of t h e cool , A p ' s is H R 8216 = H D 2 0 4 4 1 1 . 
T h e s p e c t r u m shows very s t r o n g l ines f rom i r o n - g r o u p e l e m e n t s . T h e s t a r 
w a s s t u d i e d b y A d e l m a n in t h i s t he s i s (cf. A d e l m a n 1 9 7 3 a b ) , a n d S a r g e n t , 
S t r o m , a n d S t r o m (1969) a m o n g o t h e r s . I n p a p e r s c i t ed , a b u n d a n c e s were 
d e t e r m i n e d for a few l a n t h a n i d e r a r e e a r t h s . However , I d o n ' t t h i n k t h e r e 
is any e v i d e n c e t h a t t h e l a n t h a n i d e s a r e p r e s e n t i n t h e s p e c t r u m of t h i s 
s t a r . L ines p r e v i o u s l y ident i f ied as d u e t o l a n t h a n i d e s a r e m o r e r e a s o n a b l y 
ident i f ied w i t h i r o n g r o u p s p e c t r a , a n d in a n u m b e r of i m p o r t a n t cases , w i t h 
l ines t h a t J o h a n s s o n a n d Cowley (1989) call second generation, t h a t is , t h e y 
a r e n o t in t h e M u l t i p l e t T a b l e s . 

T h e l a n t h a n i d e t o h y d r o g e n a b u n d a n c e r a t i o s i n H R 8216 a r e a r g u a b l y 
be low so la r . T h e lanthanide to iron r a t i o s a r e i n d u b i t a b l y s u b so la r , p r o b a b l y 
b y m o r e t h a n a n o r d e r of m a g n i t u d e . I t is i n t e r e s t i n g t o c o m p a r e t h e l an -
t h a n i d e s p e c t r a in superf ic ia l ly n o r m a l 95 Leo a n d H R 8216 (Cowley 1979, 
cf. F i g s . 3 b ) . W e c a n c lear ly ident i fy a n u m b e r of l ines in 95 Leo a s d u e 
t o l a n t h a n i d e s . W e j u s t c a n n o t d o t h i s w i t h H R 8216 . T h i s s t r ong - l i ned , 
o b v i o u s C P s t a r m i g h t b e ca l led superf ic ia l ly n o r m a l , o r e v e n m e t a l weak , 
if we were to look only at the elements heavier than barium. 

2. T H E SUPERFICIALLY NORMAL STARS A N D RE-
LATED OBJECTS 

M o s t of t h e s p e c t r o s c o p i c work t h a t I h a v e d o n e o n C P s t a r s h a s b e e n 
w i t h t h e 9 6 8 2 M c o u d e s p e c t r o s c o p e of t h e D o m i n i o n A s t r o p h y s i c a l obse rva -
t o r y ( D A O ) . S ince t h e d i s p e r s i o n is 2.4 Â / m m l ines ge t p r e t t y fuzzy- looking 
if vsin(i) is m u c h g r e a t e r t h a n 10 k m / s e c . So f rom t h e b e g i n n i n g of t h e work 
in 1974, I l ooked n o t on ly for s h a r p l ined C P s p e c t r a , b u t a lso for n o r m a l 
s t a r s w h o s e s p e c t r a l l ines we re re la t ive ly s h a r p . M o r e t h a n 15 y e a r s ago , we 
n o t e d (Cowley 1975) t h a t t h e s h a r p - l i n e d s p e c t r a of t h e ea r l y A m ο P e g , 
r e s e m b l e d t h o s e of H R 6127 a n d η O p h in h a v i n g s t r o n g Ni I I . S h o r t l y t h e r e -
af te r we n o t i c e d t h a t V I I w a s a l so s t r o n g in t h e s e s t a r s , a n d d e t e r m i n e d 
t h a t v a n a d i u m w a s n e a r l y a n o r d e r of m a g n i t u d e a b o v e so la r in ο P e g a n d 
H R 6127 (Cowley , E i s t e , a n d U r b a n s k i 1978 , cf. F i g 1) . 
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W e n o t i c e d t h e s t r e n g t h of t h e Ni I I a n d V I I l ines i n t h e s e superf ic ia l ly 
n o r m a l s t a r s relative to t h o s e of a n u m b e r of m a g n e t i c A p ' s we h a d b e e n 
s u r v e y i n g . W h a t t h i s m e a n s is t h a t t h e fol lowing r a t i o s a r e su re ly less t h a n 
so la r in some of t h e m a g n e t i c A p ' s : V / C r , V / F e , N i / C r , a n d N i / F e . I t is 
en t i r e ly pos s ib l e t h a t V / H a n d N i / H axe be low t h e so lar va lue , b u t t h a t 
is m u c h m o r e difficult t o p r o v e in t h e r i ch a n d b a d l y - b l e n d e d s p e c t r a of 
m a g n e t i c A p s t a r s . 

N o t all t r a d i t i o n a l C P s t a r s show t h i s Ni I I a n d V I I w e a k n e s s . In -
d e e d , t h e w e l l - k n o w n A m ' s s u c h a s 63 T a u or 32 A q r o r H R 178 (cf. v a n ' t 
V e e r - M e n n e r e t , C o u p r y , a n d B u r k h a r t 1985) h a v e s t r o n g Ni I I a n d V I I . 
S imi l a r i t i e s i n t h e a b u n d a n c e s of those superf ic ia l ly n o r m a l A ' s t h a t a r e a lso 
k n o w n a s h o t A m ' s w i t h t h e t r a d i t i o n a l A m ' s h a v e b e e n k n o w n s ince t h e 
work of t h e S t r o m s a n d C o n t i . W h a t h a s n o t b e e n ve ry closely p u r s u e d is 
t h e r e l a t i v e w e a k n e s s of Ni I I a n d V I I i n s o m e m a g n e t i c A p ' s . W e h a v e 
p u b l i s h e d n u m e r o u s i l l u s t r a t i o n s of t h e p h e n o m e n a d e s c r i b e d . I n a d d i t i o n 
t o t h e re fe rences c i t ed , t h e r e a d e r m i g h t e x a m i n e t h e b e h a v i o r of t h e Ni I I 
l ine Λ4362.10 in t h e figures of Cowley (1979) . T h e m a g n e t i c A p s t a r 7 E q u , 
w h i c h r e s e m b l e s A m ' s in a n u m b e r of ways h a s s t r o n g V I a n d I I , a n d on ly 
m o d e r a t e l y e n h a n c e d l a n t h a n i d e s . T h e i r o n in 7 E q u is n o r m a l o r poss ib ly 
e v e n a b i t b e l o w solar . 

T h e i d e a t h a t t h e r e m i g h t b e superf ic ia l ly n o r m a l A s t a r s w i t h under-
abundances h a s s o m e h i s to ry , p a r t of w h i c h is r ev iewed by Cowley et al. 
(1982 ) . W e s p e c u l a t e d t h a t a r a t h e r l a rge f r ac t ion of l a t e Β a n d A dwar f s 
m i g h t a c t u a l l y h a v e m o d e s t ( fac to rs of 2 o r 3) u n d e r a b u n d a n c e s , s im i l a r 
t o t h o s e f o u n d b y S a d a k a n e (1981) for 21 P e g a n d H R 7338 . S ince t h a t 
t i m e Ho lwege r a n d h i s coworkers (Holweger , Steffen, a n d G i g a s 1986, Hol-
weger , G i g a s a n d Steffan 1986, L e m k e 1989, 1990) h a v e s t u d i e d a n u m b e r 
of s l o w l y - r o t a t i n g A l u m i n o s i t y c lass I I I a n d V s t a r s , a n d find a va r i e ty of 
a b u n d a n c e fluctuations. M o s t of t h e s e fluctuations a r e m i l d ( < 1 d e x ) , b u t 
t h e y defy s impl i s t i c d e s c r i p t i o n , a n d a r e spons ib l e d i scuss ion d e g e n e r a t e s 
i n t o a t e d i o u s a c c o u n t of t h e b e h a v i o r o r i n d i v i d u a l e l e m e n t s i n i n d i v i d u a l 
s t a r s . 

A m o n g t h e i r o n - g r o u p e l e m e n t s , i t w o u l d b e useful t o h a v e m o r e a b u n -
d a n c e i n f o r m a t i o n o n v a n a d i u m a n d nickel , s ince t h e s e a r e t h e e l e m e n t s 
o u r q u a l i t a t i v e s u r v e y s h a v e s h o w n t o b e t h e m o s t va r i ab l e . T h e osc i l l a to r 
s t r e n g t h s u s e d for Ni I I in r ecen t work o n " n o r m a l " A s t a r s by S a d a k a n e 
( 1 9 8 1 , 1990) a r e a r g u a b l y t o o l a rge . T h e m o s t r ecen t K u r u c z (1988) ca lcu-
l a t i o n s for Ni I I g ive log(gfYs t yp ica l ly a n o r d e r of m a g n i t u d e s m a l l e r t h a n 
t h o s e u s e d by t h e a b u n d a n c e worke r s . U s e of K u r u c z ' s va lues w o u l d p u s h 
t h e nickel a b u n d a n c e s in t h e d i r e c t i o n I feel is i n d i c a t e d b y t h e c o m p a r a -
t ive s p e c t r o s c o p y , b u t m a n y of t h e t r a n s i t i o n s a r e LS- fo rb idden , a n d n o t 
e x p e c t e d t o b e a c c u r a t e . 
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3 . T H E λ BOOTIS STARS 

Severa l p a p e r s o n t h e λ B o o s t a r s n o t e t h a t t h e c lass cons i s t s of r a t h e r 
r a p i d r o t a t o r s . I n d e e d , H a u c k a n d S l e t t e b a k (1983) h a v e s u g g e s t e d t h a t t h e 
" m o d e r a t e l y l a r g e " vsin(i) c a n b e u s e d t o d i s t i n g u i s h t h e λ B o o ' s f rom o t h e r 
p e c u l i a r s t a r s w i t h w e a k s p e c t r a l l ines . I t is c e r t a in ly t r u e t h a t λ B o o itself, 
a n d t h o s e o b j e c t s c o n s i d e r e d i t s c o n g e n e r s r o t a t e m u c h m o r e r a p i d l y t h a n 
t h e t y p i c a l A p a n d A m s t a r s . However , we n o w k n o w of q u i t e a n u m b e r 
of l a t e Β a n d A s t a r s w i t h w e a k l ines , a n d it is r e a s o n a b l e t o ask if t h e i r 
vsin(iys a r e different f rom t h o s e of t h e λ B o o s t a r s for a n y r e a s o n other t h a n 
se lec t ion . 

S u p p o s e t h e λ B o o chemica l pecu l i a r i t i e s were t o o c c u r gene ra l l y in s t a r s 
w i t h vsin(i) d i s t r i b u t i o n s t yp i ca l of e a r l y A s t a r s . I t w o u l d t h e n b e natural 
if t h e first few s u c h s t a r s f o u n d h a d r o t a t i o n a l ve loci t ies t h a t we re t yp i ca l 
of t h e t y p e , t h a t is , m o d e r a t e l y l a rge . B u t even if r a p i d r o t a t i o n we re a 
n e c e s s a r y c o n d i t i o n for t h e λ B o o p h e n o m e n o n , t h e r e o u g h t t o b e a few 
m e m b e r s of t h e c lass w i t h s h a r p l ines j u s t b e c a u s e of p r o j e c t i o n . A r e Vega , 
a n d t h e S a d a k a n e s t a r s 21 P e g a n d H R 7338 s u c h o b j e c t s ? T h e w e a k - m e t a l 
s t a r 50 L i b ( H R 5959) s t u d i e d by L e m k e (1989 , 1990) is a n o t h e r c a n d i d a t e . 
I t h a s a vsin(i) of 34 k m / s e c . I t s colors ( H a u c k a n d M e r m i l l o d 1980, R u f e n e r 
1980) c e r t a i n l y p l a c e i t a m o n g t h e H a u c k - S l e t t e b a k λ B o o s t a r s . 

B a s c h e k a n d Sea r l e (1969) in o n e of t h e classical s t u d i e s of A B o o s t a r s 
p a r e d d o w n t h e r a t h e r s m a l l n u m b e r of o b j e c t s t h e n k n o w n t o t h r e e , o n t h e 
b a s i s of t h e o x y g e n a b u n d a n c e s . T h e s e were " n o r m a l " in t h e chosen t h r e e . 
W h e t h e r t h i s d i s t i n c t i o n w a s useful r e m a i n s t o b e seen . I t is n o w well 
e s t a b l i s h e d t h a t t h e a b u n d a n c e s of c e r t a i n e l e m e n t s m a y v a r y e n o r m o u s l y 
w i t h i n w h a t is w ide ly a c c e p t e d a s a pecu l i a r i t y c lass . 

If we a c c e p t t h e s t a r s of H a u c k a n d S l e t t e b a k ' s (1983) T a b l e 1 a s a 
w o r k i n g set of "official" λ B o o ' s , we find a m o s t r e m a r k a b l e t h i n g b o t h in t h e 
vsin(iys a n d t h e s p a c e m o t i o n s of t h i s specific se t . T h e 8 vsin(iys a r e t i g h t l y 
c l u s t e r e d a b o u t a m e a n of 101 k m / s e c . W e h a v e dev i sed s o m e i n t e r e s t i n g 
g a m e s t o see a t w h a t conf idence level we cou ld re ject t h e nu l l h y p o t h e s i s t h a t 
t h e s e vsin(iys we re d r a w n a t r a n d o m f rom s o m e ( u n i n t e r e s t i n g ) b a c k g r o u n d 
p o p u l a t i o n s of l a t e Β a n d A s t a r s . 

W i t h o u t d o i n g a n y fancy c a l c u l a t i o n s a t al l , o n e m i g h t guess t h a t t h e r e 
w a s n o t h i n g u n u s u a l a b o u t t h e m e a n vsin(i) of t h e H a u c k - S l e t t e b a k s t a r s . 
W e find, for e x a m p l e , for 1081 B 8 - A 7 , V a n d V P s f rom t h e B r i g h t S t a r 
C a t a l o g u e , a m e a n of vsin(i) is 125 k m / s e c , a n d a s t a n d a r d d e v i a t i o n of 82 
k m / s e c . T h i s s a m p l e i n c l u d e d b ina r i e s . O n t h e o t h e r h a n d , t h e s t a n d a r d 
d e v i a t i o n of t h e vsin(iys of t h e H a u c k - S l e t t e b a k s t a r s w a s q u i t e u n u s u a l . I t 
was on ly 14 k m / s e c , a n d d i d n o t o c c u r in a n y of severa l t h o u s a n d M o n t e 
C a r l o t r i a l s t h a t we m a d e by chos ing r a n d o m s a m p l e s of 8 f rom t h e p o o l of 
1081 va lue s of vsin(i). I s u s p e c t t h a t t h e sma l l s t a n d a r d d e v i a t i o n m a y b e 
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a t l eas t p a r t i a l l y e x p l a i n e d b y se lec t ion effects, s u g g e s t e d be low. W e sha l l 
t he r e fo re n o t p r e s e n t t h e de t a i l s of t h e va r ious t e s t s h e r e . 

M o r g a n (cf. M o r g a n 1983) first n o t e d λ B o o o n 30 Â / m m Yerkes r a d i a l 
ve loc i ty p l a t e s . T h i s is ve ry close t o t h e d i s p e r s i o n u s e d in S l e t t e b a k ' s 
(1954) c lass ic s t u d y . W h i l e M o r g a n p o i n t s o u t t h a t " t h e c h a r a c t e r i s t i c s 
s h o w u p a t 120 A / m m , " H o u k (1990) h a s c o n c l u d e d t h a t t h e s t a r s c a n n o t b e 
c o n s i s t e n t l y d e t e c t e d in h e r r ev i sed H D classif icat ion. T h e r e a r e t w o p o i n t s 
t o b e m a d e h e r e . F i r s t , t h e λ B o o s t a r s m a y b e ca l led " a l m o s t " superf ic ia l ly 
n o r m a l , s ince t h e y a r e n o t ea sy t o d e t e c t a t c lass i f icat ion d i spe r s ion . S e c o n d , 
t h e re la t ive ly h i g h s p e c t r a l r e s o l u t i o n u s e d in t h e su rveys t h a t p icked u p 
a d d i t i o n a l λ B o o s t a r s p r o b a b l y inf luenced t h e d o m a i n of vsin(i) in w h i c h 
t h e y w e r e n o t i c e d . 

A t 20 Â / m m l ines s t a r t t o " s h a r p e n u p " a s vsin(i) a p p r o a c h e s t h e l imi t -
i n g r e s o l u t i o n - r o u g h l y , 20 k m / s e c . Since s h a r p l ines t e n d t o a p p e a r s t r o n g e r 
t h a n b r o a d o n e s , i t is a t leas t poss ib le t h a t slow r o t a t o r s w i t h w e a k Λ4481 
we re less c o n s p i c u o u s t h a n t h e i r b r o a d e r - l i n e d c o n g e n e r s . O n t h e o t h e r 
h a n d , 130 k m / s e c is a l r e a d y s o m e 6 t i m e s t h e r e s o l u t i o n of S l e t t e b a k ' s sur -
vey, a n d in t r i n s i c w e a k n e s s of t h e Λ4481 l ine w a s p e r h a p s less n o t i c e a b l e . 

W e looked a t t w o o t h e r s e t s of ( h e t e r o g e n e o u s ? ) o b j e c t s , t h o s e of 
B a s c h e k a n d S l e t t e b a k (1988) , w h i c h inc ludes " s u s p e c t e d " λ B o o ' s , a n d 
A b t ( 1 9 8 3 ) , w h o cal ls h i s o b j e c t s " W e a k Λ4481 M g I I s t a r s . " B o t h of t h e s e 
se t s show e x p e c t e d m e a n s a n d sma l l s t a n d a r d d e v i a t i o n s of t h e vsin(i) d i s -
t r i b u t i o n s . B u t t h e l a t t e r a ' s a r e s o m e t h r e e t o four t i m e s l a r g e r t h a n t h o s e 
of t h e H a u c k - S l e t t e b a k l is t , a n d w o u l d o c c u r once in s o m e 10 o r 20 r a n d o m 
s a m p l e s of u n i n t e r e s t i n g s t a r s . T h e y a r e n o t highly u n u s u a l . I n t e r e s t i ng ly , 
s o m e λ B o o c a n d i d a t e s we re f o u n d by M u s t e l , et ai (1958) u s i n g a d i s p e r s i o n 
of 72 Â / m m . W e h a v e n o t s t u d i e d t h e m sepa ra t e ly . 

T h e s p a c e m o t i o n s of H a u c k a n d S l e t t e b a k ' s (1983) s t a r s a r e u n u s u a l . 
L ike t h e s t a n d a r d d e v i a t i o n of t h e v s m ( i ) ' s , t h e y a r e n o t e x p e c t e d . A l m o s t 
al l of t h e U , V , a n d W - v a l u e s a r e n e g a t i v e ! T h i s g r o u p i n g c e r t a i n l y d i d n o t 
a r i se b y c h a n c e s a m p l i n g of t h e n o r m a l Α - s t a r p o p u l a t i o n (cf. E g g e n 1984) . 
St i l l , i t m i g h t h a p p e n for s o m e u n i n t e r e s t i n g r e a s o n . W e c a n on ly r e m a r k 
t h a t t h e s p a c e m o t i o n s dese rve f u r t h e r c o n s i d e r a t i o n . 

A i m p o r t a n t p r e p r i n t by V e n n a n d L a m b e r t (1990) deve lops a n o ld 
s u g g e s t i o n t h a t t h e m e t a l - p o o r A s t a r s m i g h t b e e x p l a i n e d by t h e s e p a r a t i o n 
of i n t e r s t e l l a r g r a i n s a n d g a s . T h e i d e a w a s p u b l i s h e d , for e x a m p l e , b y 
Cowley, et α/ .(1982), w h o a lso s u g g e s t e d t h a t Vega a n d o t h e r m e t a l - p o o r 
s t a r s w i t h low vsin(iys m i g h t s imp ly b e m o r e slowly r o t a t i n g c o u n t e r p a r t s 
of t h e λ B o o ' s . T h e g e n e r a l n o t i o n of e x p l a i n i n g d e p l e t i o n s in t e r m s of 
r e f r ac to ry c o n d e n s a t e s is a lso f o u n d in t h e work of D r o b y s h e v s k i , w h o h a s 
w r i t t e n v o l u m i n o u s l y o n r e l a t e d top ics (cf. D r o b y s h e v s k i 1986) , a n d p e r h a p s 
e l s ewhere . 
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B u t V e n n a n d L a m b e r t h a v e d e v e l o p e d t h e s e i dea s in a m o s t i n t e r e s t i n g 
way, o n t h e b a s i s of t h e i r n e w a b u n d a n c e a n a l y s e s of " t h e " u n i f o r m s a m p l e 
of t h r e e s t a r s , π 1 O r i , 29 C y g , a n d λ B o o itself. T h e y sugges t , fol lowing t h e 
w o r k of S a d a k a n e a n d N i s h i d a (1986) t h a t t h e in f ra red excesses of λ B o o 
a n d V e g a a r e i n d i c a t i o n s of t h e r e s idua l g r a i n s t h a t b e l o n g t o t h e d e p l e t e d 
g a s f rom w h i c h t h e s t a r s fo rmed . 

A n i m p o r t a n t p a r t of t h e V e n n - L a m b e r t h y p o t h e s i s is t h e r e su l t t h a t 
t h e C N O e l e m e n t s a r e n e a r l y n o r m a l , b o t h in t h e i n t e r s t e l l a r m e d i u m , a n d 
t h e t h r e e λ B o o s t a r s a n a l y z e d by t h e m p l u s Vega . O n t h e o t h e r h a n d , 
A d e l m a n a n d Gul l ive r (1990) f ind h e l i u m t o b e d e p l e t e d in Vega b y a b o u t 
a f a c t o r of t h r e e , a n d t h e r e is n o i n d i c a t i o n of s u c h h e l i u m d e p l e t i o n s in 
t h e i n t e r s t e l l a r g a s . W e h a v e k n o w n s ince t h e work of K o d a i r a ( 1 9 6 7 ) , a n d 
B a s c h e k a n d Sear le (1969) , t h a t s o m e i r o n - p o o r , superf ic ia l ly n o r m a l s t a r s 
h a v e d e p l e t i o n s of o n e o r m o r e C N O e l e m e n t s . P e r h a p s t h e s e d e p l e t i o n s 
h a p p e n e d a s a r e su l t of s t e l l a r diffusion. 

If t h e λ B o o s t a r s a r e f o r m e d f rom g r a i n - d e p l e t e d i n t e r s t e l l a r g a s , we 
m i g h t e x p e c t t h e s t e l l a r a b u n d a n c e p a t t e r n s t o r e s e m b l e t h o s e of t h e in te r -
s t e l l a r g a s . V e n n a n d L a m b e r t d o n o t find t h i s for t h e i r s t a r s , b u t t h e y h a v e 
a n en t i r e ly p l a u s i b l e e x p l a n a t i o n . T h e d e p l e t e d g a s h a s c o n t a i n s a m i x t u r e 
of m a t e r i a l w i t h n o r m a l c o m p o s i t i o n . B e c a u s e t h e i r o n g r o u p ( C a - N i ) de-
p l e t i o n s of t h e i n t e r s t e l l a r ga s a r e a r e ve ry l a r g e - f a c t o r s of u p t o 1 0 4 - w e m a y 
t o a first a p p r o x i m a t i o n , neg lec t en t i r e ly t h e m e t a l c o n t e n t of t h i s d e p l e t e d 
g a s , a n d c o n s i d e r i t s i m p l y a d i l u t o r . T h e n all of t h e i r o n - g r o u p e l e m e n t s 
w o u l d b e d e p l e t e d by s imi l a r f ac to r s , a s is obse rved . 

W e d r a w a t t e n t i o n t o a n i m p o r t a n t c o s m o c h e m i c a l p r inc ip l e , t h a t if 
c h e m i c a l f r a c t i o n a t i o n s a p p e a r i n o n e p lace , complementary patterns s h o u l d 
a p p e a r s o m e w h e r e else. S o m e s t a r s m a y c o n t a i n m o r e t h a n t h e cosmic 
c o m p l e m e n t of r e f r ac to ry e l e m e n t s . T h e r e cou ld a lso b e s t a r s w h o s e sur face 
a b u n d a n c e s s h o u l d reflect t h e d e p l e t i o n of re f rac tor ies , t h a t is , w h e r e t h e 
V e n n - L a m b e r t d i l u t i o n m e c h a n i s m is n o t ac t ive . F ina l ly , we n e e d t o k n o w 
t h e h o w s t e l l a r diffusion will modi fy all of t h e s e p a t t e r n s . 

W e t h a n k D . L . L a m b e r t for p e r m i s s i o n t o c i t e h i s p r e p r i n t . W e ac-
k n o w l e d g e useful c o n v e r s a t i o n s a n d c o r r e s p o n d e n c e w i t h H . A . A b t , S. J . 
A d e l m a n , C . T . B o l t o n , D . J . B o r d , H . Holweger , Ν . M . H o u k , A . S l e t t e b a k , 
a n d Κ. S a d a k a n e . 
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