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Abst rac t . T h e his tory a n d s ta tus of Ba lmer hydrogen- l ine p h o t o m e t r y a r e briefly reviewed, a n d 
p rob l ems associated with ca l ib ra t ions in general a re c o m m e n t e d on . 

T h e ca l ibra t ion w o r k at K i t t P e a k is descr ibed in s o m e detail for B , A , a n d F type s ta r s . T h e d a t a 
used , the de te rmina t ion of in t r ins ic co lour s a n d co lour excesses, p h o t o m e t r i c classification, a n d the 
re la t ion of o u r indices t o o the r peop le ' s a r e reviewed. Wi th this b a c k g r o u n d , the p r o c e d u r e used in 
establ ishing the abso lu te m a g n i t u d e — Kfi ca l ibra t ion is given, a n d the pre l iminary ca l ibra t ion is pre
sented. Finally, the work r ema in ing to be d o n e before the ca l ib ra t ion is final is no ted , a n d a com
par i son is given to B laauw ' s zero-age m a i n sequence ca l ibra t ion. 

1. H i s t o ry 

T h e h i s to ry o f t h e use of. Ba lmer - l i ne s t r eng ths for t h e d e t e r m i n a t i o n of s tel lar l umi 
nos i t ies ha s been a r ich o n e over t h e p a s t 50 yr , a n d I c a n n o t h o p e t o review it a l l , o r 
even m e n t i o n it a l l , he re t o d a y . I will c o n t e n t myself, a n d I h o p e y o u , by briefly n o t i n g 
s o m e of t he p a s t w o r k t h a t I feel h a s been pa r t i cu l a r ly inf luent ia l , by s u m m a r i z i n g the 
c u r r e n t s t a tus of B a l m e r h y d r o g e n - l i n e w o r k , a n d b y desc r ib ing in s o m e d e p t h t he 
w o r k I a m m o s t a c q u a i n t e d w i t h : m y o w n c a l i b r a t i o n efforts w i t h t h e ft a n d uvby 
sys tems . 

P re -1950 , t he m a j o r w o r k w a s b y L i n d b l a d (1922, 1925, 1926), A n g e r (1931 , 1932), 
O h m a n (1935), a n d W i l l i a m s (1936) , w h o m e a s u r e d B a l m e r l ines o n spec t ra l p la tes 
a n d discussed the r e l a t i on of t h e de r ived hyd rogen - l i ne s t r eng th s t o s te l lar l uminos i 
t ies . D a t a for s ta rs in c lus te rs were especial ly useful in such d i scuss ions , as t h e re la t ive 
l uminos i t i e s of t he s ta r s were well k n o w n . 

L a t e r , Pe t r ie a n d his c o l l a b o r a t o r s a t Vic to r ia (Pe t r ie , 1950, 1953, 1956, 1965; 
Pe t r i e a n d M a u n s e l l , 1950; Pe t r i e a n d M o y l s , 1956) deve loped a n d a p p l i e d t he p h o t o 
g r a p h i c t e c h n i q u e t o d e t e r m i n e h y d r o g e n - l i n e equ iva len t w i d t h s f r o m spec t ra l p la tes 
for B- type s tars . T h e t e c h n i q u e a n d c a l i b r a t i o n s a re rev iewed a n d d i scussed in d e p t h 
b y Pe t r i e (1965) in a p a p e r g iv ing t h e revis ion t o h is ea r l i e r c a l i b r a t i o n . I n a p a p e r 
l a t e r t o d a y , C r a m p t o n wil l s u m m a r i z e t h e V ic to r i a sys t em as it n o w s t a n d s . 

O t h e r s w h o lately h a v e b e e n in p h o t o g r a p h i c h y d r o g e n - l i n e efforts a r e H a c k (1953), 
K o p y l o v (1958), S i n n e r s t a d (1954, 1961a, b ) , Beer (1961), a n d F u r e n l i d (1971). 

S o o n after Pe t r i e ' s ex tens ive effort, p h o t o e l e c t r i c t e c h n i q u e s t o m e a s u r e a p a r a 
m e t e r re la ted t o h y d r o g e n - l i n e s t r e n g t h s were deve loped a n d used b y S t r o m g r e n 
( 1 9 5 1 , 1952, 1956a, b , 1958), C r a w f o r d (1958) , H o a g (1965), B a p p u et al (1962), 
J o h n s o n a n d I r i a r t e (1958) , Beer (1964) , A n d r e w s (1968), G r a h a m (1967) , a n d o the r s . 

A b s o l u t e m a g n i t u d e c a l i b r a t i o n s of t he /? i ndex , t h a t w e use , h a v e been given 
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b y H a r d i e a n d C r a w f o r d (1961), F e r n i e (1965), a n d C r a w f o r d (1970) , b u t were based 
o n cons ide rab ly less m a t e r i a l t h a n t h e c a l i b r a t i o n t h a t I ' l l p r e sen t l a te r in th is p a p e r . 

S t r o m g r e n (1963) gave a n excel lent s u m m a r y of t he B a l m e r l ine w o r k t o t h a t t i m e , 
a n d he ( S t r o m g r e n , 1966) ag&in reviewed the s t a tus o f h y d r o g e n - l i n e spectra l -c lass i 
f icat ion w o r k . B o t h these review p a p e r s a lso d iscussed o t h e r n a r r o w - b a n d p h o t o m e t r i c 
classif icat ions a n d c a l i b r a t i o n w o r k . 

2 . Some Problems 

C a l i b r a t i o n of a n y t h i n g o b s e r v e d vs a n y t h i n g more -o r - l e s s phys i ca l for B- type s t a r s 
is n o t a n easy t a sk , a s t h e a u t h o r s a b o v e have c lear ly s h o w n . 

W h a t w e ' d real ly l ike to h a v e a r e obse rved p a r a m e t e r s , easy t o m e a s u r e for b r igh t 
a n d faint s ta r s , in t e rna l ly a c c u r a t e , free of sys t emat i c effects, t h a t a r e closely (even 
l inear ly) re la ted t o a phys ica l p a r a m e t e r of t he s ta r s , very sensi t ive t o t he phys ica l 
p a r a m e t e r ( tha t is, g iv ing a l a rge r a n g e of t he obse rved p a r a m e t e r ) , a n d comple t e ly 
free of t he influence of a n y o t h e r phys ica l p a r a m e t e r . N a t u r e h a s n o t a l lowed a n y 
such s i t ua t i on t o exist , a n d t h e bes t we can d o is t ry t o o b t a i n p a r a m e t e r s t h a t will 
d o as g o o d a j o b as poss ib le , so t h a t we c a n use t h e m w i t h s o m e conf idence in o u r 
a s t r o n o m i c a l research . S o m e t i m e s we can m e a s u r e a n ex t r a p a r a m e t e r , wh ich , whi le 
useful in itself, will a l so a l l ow u s t o cor rec t o n e of t h e m a i n p a r a m e t e r s for a n 
u n d e s i r a b l e side effect. 

A n o b v i o u s e x a m p l e : W e m e a s u r e a c o l o u r index s u c h as (B — V\ w h i c h is well 
r e la ted t o effective t e m p e r a t u r e . Side effects a re in te rs te l la r r e d d e n i n g , a b u n d a n c e 
effects, a n d even r o t a t i o n veloci ty , m a g n e t i c field, a n d b i n a r y s t a r effects. A n y ex t ra 
p a r a m e t e r t o he lp c o r r e c t for these side effects, such as ( U — B), h a s s ide effects of i ts 
o w n . A n d so it goes . Q u i t e difficult. 

I n m a n y cases , t h e o r y c a n h e l p u s obse rve r s qu i t e a lot . W e w o u l d be los t , o r a t t he 
leas t inefficient, w i t h o u t t h e o r y t o gu ide us . H o w e v e r , we m u s t be ex t remely careful 
(as M o r g a n h a s often p o i n t e d o u t ) n o t t o force-fit o r t o let p re -conce ived ideas mess 
u s u p . W e a re m e a s u r i n g o b s e r v e d p a r a m e t e r s , a n d these we re la te , o r ca l ib ra te , t o 
phys ica l p a r a m e t e r s . I n m y o p i n i o n , th i s p h i l o s o p h y is o n e of t h e keys t h a t ha s led t o 
t h e success of the M K sys tem. I t is a n e t w o r k (or t w o o b s e r v e d ' p a r a m e t e r s ' ) t h a t 
'classifies ' o r descr ibes a s t a r ' s s p e c t r u m . It is, in p r inc ip le , even i n d e p e n d e n t of t h e 
spec t ra l d i spe r s ion used , for it is defined by s t a n d a r d s t a r s . T h e o b s e r v e d p a r a m e t e r s 
a r e t h e n ca l ib ra t ed in t e r m s o f t e m p e r a t u r e a n d a b s o l u t e m a g n i t u d e . I n fact , t hey 
h a v e been re -ca l ib ra ted m a n y t i m e s . S u c h m e t h o d s a n d p h i l o s o p h y a r e ce r t a in ly val id 
for t h e best a n d m o s t useful p h o t o m e t r i c sys tems t o o , I bel ieve. 

E n o u g h of p h i l o s o p h y , let m e n o w list s o m e of t h e specific p r o b l e m s w e h a v e t o 
w a t c h o u t for, o r a l l ow for, in h y d r o g e n - l i n e p h o t o m e t r y : 

(a) a c c u r a t e a n d prec ise s t a n d a r d sys tems, e q u i p m e n t , a n d t e c h n i q u e s a r e needed 
t o i n su r e a n a c c u r a t e p a r a m e t e r free of sys temat ic e r ro r , 

(b) in ters te l lar r e d d e n i n g c o r r e c t i o n s , 
(c) r o t a t i o n a l veloci ty effects, 
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(d) pecu l i a r s t a r s ( howeve r pecu l i a r is defined) , 
(e) b ina r i es , 
(f) c lus ter m e m b e r s h i p , 
(g) emiss ion l ine s t a r s , a n d 
(h) a c c u r a t e a n d prec ise a b s o l u t e m a g n i t u d e s t o ca l i b r a t e t h e obse rved p a r a m e t e r 

aga ins t . 

3 . T h e K i t t P e a k W o r k 

W i t h th is br ief b a c k g r o u n d , let m e n o w go o n t o a de ta i l ed d e s c r i p t i o n of t h e w o r k a t 
K i t t Peak . T h e final c a l i b r a t i o n s a re n o t qu i t e finished, b u t l i t t le yet r e m a i n s t o be 
d o n e , a n d I h o p e t o finish it b y t he e n d of th is year . T h e p r e l i m i n a r y resul ts p r e sen t ed 
t o d a y s h o u l d differ l i t t le f rom t h e final ones . 

A. THE DATA 

M o s t of t he d iscuss ion t o fol low will be devo t ed t o p a r a m e t e r s of (a) t he uvby sys tem, 
defined by C r a w f o r d a n d B a r n e s (1970c), t h a t was o r i g i n a t e d by S t r o m g r e n a n d devel
o p e d by h i m a n d by us a t K i t t Peak , a n d (b) the f$ sys tem defined by C r a w f o r d a n d 
M a n d e r (1966). 

T h e p a r a m e t e r s used a r e : 

V - a n a p p a r e n t m a g n i t u d e , o n t h e s a m e sys tem as t h e V of t h e UBV s y s t e m ; 
(b- - y ) - a c o l o u r index , freer of l ine b l a n k e t i n g effects t h a n (B— V) of t he UBV 

s y s t e m ; 

(u - b ) - a c o l o u r i n d e x ; 
mx - a c o l o u r difference, re la ted t o b l a n k e t i n g in t h e 4100 A r e g i o n ; 

£\ - a c o l o u r difference, re la ted t o the B a l m e r d i s c o n t i n u i t y ; 

P- t he h y d r o g e n l i ne - s t r eng th p a r a m e t e r . 
These p a r a m e t e r s a r e d iscussed in t he s t a n d a r d - s y s t e m p a p e r s m e n t i o n e d a b o v e , 

a n d by S t r o m g r e n (1963, 1966). 
W e also use UBV and M K d a t a t a k e n f rom the l i t e r a tu re , especial ly for c o m p a r i s o n 

p u r p o s e s . N o t all t h e uvby o r ft d a t a a re o u r o w n : s o m e h a v e been t a k e n f rom the 
l i t e ra tu re a n d s o m e h a v e been k ind ly given to m e in a d v a n c e of pub l i ca t i on . I wish t o 
t h a n k very m u c h t h o s e w h o h a v e supp l i ed the i r u n p u b l i s h e d d a t a t o m e . 

D a t a for t he fo l lowing s t a r s h a v e been u s e d : 
(a) n o r t h e r n h e m i s p h e r e 0 - B 5 s ta rs b r i g h t e r t h a n K = 6 . 5 , C r a w f o r d et al. ( 1971b) ; 
(b) s o u t h e r n h e m i s p h e r e O t o GO s ta r s b r igh te r t h a n V= 5.0, C r a w f o r d et al. (1970) ; 
(c) s o u t h e r n h e m i s p h e r e 0 - B 5 s ta rs V=5.0 t o 6.5, C r a w f o r d et al. ( 1971a ) ; 
(d) n o r t h e r n h e m i s p h e r e A 2 - G 0 s ta rs b r igh te r t h a n V = 6.5, S t r o m g r e n a n d P e r r y 

(1965) a n d C r a w f o r d et al. (1966) ; 
(e) n o r t h e r n h e m i s p h e r e AO-type s ta rs b r i gh t e r t h a n K = 6 . 5 , C r a w f o r d et al. 

(1972) ; 
(f) n o r t h e r n h e m i s p h e r e B 8 - a n d B9- type s ta r s , C r a w f o r d et al. ( u n p u b l i s h e d ) ; 
(g) n o r t h e r n h e m i s p h e r e O - t y p e s ta rs fa in ter t h a n K = 6 . 5 , C r a w f o r d a n d G o l s o n 

( u n p u b l i s h e d ) ; 
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a n d for t he fo l lowing c lus te rs a n d a s s o c i a t i o n s : 
(a) H y a d e s , C r a w f o r d a n d P e r r y (1966) ; 
(b) P raesepe , C r a w f o r d a n d B a r n e s (1969b) ; 
(c) C o m a , C r a w f o r d a n d B a r n e s (1969a) ; 
(d) N G C 752, C r a w f o r d a n d B a r n e s (1970a) ; 
(e) I C 4665 , C r a w f o r d a n d B a r n e s (1972) ; 
(f) P le iades , C r a w f o r d ( u n p u b l i s h e d ) ; 
(g) a Per , C r a w f o r d a n d B a r n e s ( u n p u b l i s h e d ) ; 
(h) h a n d x Per , C r a w f o r d et al (1970) ; 
(i) N G C 6 2 3 1 , C r a w f o r d et al (1971) ; 
(j) I C 2602 , Hi l l a n d P e r r y (1969) ; 
(k) I C 2 3 9 1 , P e r r y a n d Hi l l (1969) ; 
(1) Sco-Cen , H a r d i e a n d C r a w f o r d (1961), G l a s p e y (1971) ; 
(m) O r i o n , C r a w f o r d (1958) , C r a w f o r d a n d B a r n e s (1966) ; 
(n) I I I C e p , C r a w f o r d a n d B a r n e s (1970b) ; 
(o) N G C 2362, P e r r y ( u n p u b l i s h e d ) ; 
(p) I I Per , C r a w f o r d (1958) ; 
(q) N G C 6 8 7 1 , C o h e n (1969) ; 
(r) N G C 6910, C r a w f o r d a n d B a r n e s ( u n p u b l i s h e d ) ; 
(s) N G C 6913 , C r a w f o r d a n d B a r n e s ( u n p u b l i s h e d ) ; 
(t) N G C 6611 , C r a w f o r d a n d B a r n e s ( u n p u b l i s h e d ) ; 
(u) N G C 5460, C l a r i a (1971) ; 
(v) N G C 2264, S t r o m et al (1971) ; a n d 
(w) N G C 2244, He i se r ( u n p u b l i s h e d ) . 

B. INTRINSIC COLOURS AND COLOUR EXCESSES 

F o r t h e A - a n d F - t y p e ( t hose s t a r s coo le r t h a n a b o u t A 2 , t h e l oca t i on of m a x i m u m 
h y d r o g e n a b s o r p t i o n ) , we d e t e r m i n e t h e in t r ins ic c o l o u r f r o m t h e fo l lowing e q u a t i o n : 

(b — y)0 = a — b ^ — c Sci — d 3m { . 

F o r A - t y p e s ta rs (0 = 2 .890 t o 2 . 7 2 0 ) , t he c o n s t a n t s used a r e a = 2 .943 , b = 1.000, 
c = 0.100, d = 0.100. T h e r e su l t i ng m e a n e r r o r , for o n e s t a r , a s d e t e r m i n e d f r o m s ta rs 
w i t h i n 100 p c , is + 0 T 0 1 1 . T h i s sca t t e r inc ludes effects o f dup l i c i ty , r o t a t i o n veloci ty , 
a n d so fo r th , as essent ia l ly n o d a t a w e r e e l imina ted f r o m t h e leas t s q u a r e s so lu t ion . I t 
c a n b e seen t h a t p is a n effective p a r a m e t e r in p r e d i c t i n g in t r ins ic c o l o u r , for c a n d d 
a r e s m a l l ; i .e., l i t t le l u m i n o s i t y o r a b u n d a n c e effects exist . 

F o r F - t y p e s ta r s ( 0 = 2 . 7 2 0 t o 2 . 6 0 0 ) , t h e coefficient b i nc reases a s w e g o t o l a t e r 
t ypes (smal ler /?), as /? beg ins t o lose sensi t ivi ty t o t e m p e r a t u r e n e a r GO whi le (b — y) 
d o e s n o t ; t h e coefficient c is 0.1 o r a b i t sma l l e r ; a n d t h e coefficient d increases t o w a r d 
l a t e r spec t ra l t y p e , as b l a n k e t i n g effects b e c o m e larger . 

De t a i l s a n d l i m i t a t i o n s o f t h e ca l ib ra t i ons for A - a n d F - t y p e s ta r s will b e dis
cussed fully in a f o r t h c o m i n g p a p e r ; a s u m m a r y h a s b e e n given b y C r a w f o r d (1970). 

F o r t he B- type s ta r s , we h a v e d e t e r m i n e d c o l o u r excesses, E(U — B), a n d in t r ins ic 
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c o l o u r s (U— B)09 for t h o s e s t a r s w i t h ava i l ab le UBV d a t a , b y a p r o c e d u r e desc r ibed 
b y C r a w f o r d (1958). A l i nea r r e d d e n i n g s lope h a s been a s s u m e d : E( U — B)/E(B — V) 
= 0 . 7 2 . T h i s use o f a l i nea r s lope m a y n o t b e just if ied in all cases , b u t s h o u l d b e a d e 
q u a t e for t h e d i scuss ions t o fo l low. I prefer t h e use of (U — B)0 t o (B— V)0 for 
B- type s t a r s , a s t h e f o r m e r h a s a c o n s i d e r a b l y l a rge r r a n g e ( a b o u t 4 t i m e s la rger t h a n 
(B— V)0). I a l so prefer it ove r t h e p a r a m e t e r Q ( J o h n s o n a n d M o r g a n , 1953) as it 

is a m o r e n a t u r a l p a r a m e t e r , i .e., t h e in t r ins ic c o l o u r , a n d is n o m o r e difficult t o de te r 
m i n e t h a n is Q. 

F o r a n overa l l d i scuss ion o f effects of in te rs te l la r r e d d e n i n g o n t h e UB V p a r a m e t e r s , 
I bel ieve t h a t t h e inves t iga t ion by F i t zge ra ld (1970) is t he m o s t c o m p l e t e . 

F o r inves t iga t ion o f r e d d e n i n g effects o n t h e uvby sys tem, I h a v e used t h e d a t a 
n o t e d a b o v e . F i g u r e s 1, 2 , a n d 3 s h o w t h e r e l a t ion be tween t h e obse rved (u — b), mi9 

a n d cx indices w i t h respec t t o (b — y) for O- type s t a r s . S e p a r a t e s y m b o l s a r e used in 

b - y 

Fig. 1. T h e (u — b) vs (b—y) re la t ion for a n u m b e r of O- type s tars observed f rom Kit t Peak . A 
linear line of s lope 1.61 is s h o w n t h r o u g h the d a t a poin ts . T h e line to the left t races the intr insic 

co lour line for B-type stars . 
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Fig. 3. T h e a vs (b—y) re la t ion for a n u m b e r of O-type s tars . T w o redden ing lines, with slopes 
n e a r 0.2, a re shown . Crosses deno te Of-type s tars . 
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F i g u r e s 2 a n d 3 for t h e k n o w n O f t y p e s ta rs . A l l o w i n g for s o m e l u m i n o s i t y a n d spec
t r a l t ype effects, I h a v e der ived t h e fo l lowing r e d d e n i n g r e l a t i o n s : 

E(u- b) = 1.6E(b- y)9 

£ ( m t ) = - 0 . 3 £ ( 6 - y), a n d 

E(cl) = Q.2E(b- y). 

O n e can a lso der ive E (b- y) = 0 . 7 3 E (B- V) f r o m a p l o t o f (b — y) vs (B— V) for 
t h e s a m e s ta rs . I h a v e used these fou r r e d d e n i n g r e l a t i ons in t h e w o r k desc r ibed be low. 

F i g u r e 4 show s t h e r e l a t i on b e t w e e n the obse rved c1 a n d (b — y) indices for t h e 
b r igh t e r O to B5- type field s ta rs . A well defined, l e f t -hand e n v e l o p e is ev iden t , a n d it 

i i i i I 
-0.2 0.0 0.2 0.4 

b-y 

Fig. 4. The a vs (b—y) d i a g r a m for 0 - t o - B 5 type s tars br ighter t h a n V= 6.5. Redden ing lines a re 
near ly hor izonta l in the d i a g r a m , with the intrinsic co lour line as the left-hand envelope of the po in t s . 

m a y be defined a s t h e in t r ins ic c o l o u r r e l a t ion (at least t o a first a p p r o x i m a t i o n ) . F o r 
t h e p r e l im ina ry c a l i b r a t i o n , I h a v e a s s u m e d (b — y)0 = — 0 . 1 1 6 + 0 . 0 9 7 c 0 , w h e r e c0 is 
t h e u n r e d d e n e d cx i ndex . T h e final c a l i b r a t i o n will a l l o w for non- l inea r i t i e s a n d for 
sma l l l u m i n o s i t y effects ev iden t b o t h in t h e obse rved d a t a for b r i g h t s ta rs a n d in 
theore t i ca l m o d e l a t m o s p h e r e s . C h e c k s have been m a d e b y ca l cu l a t i ng c o l o u r excesses 
for c lus ters in wh ich t h e r e d d e n i n g is e i ther ze ro o r essent ia l ly u n i f o r m . (See, for 
e x a m p l e , Hil l a n d P e r r y (1969) a n d C r a w f o r d et al. (1970) . ) 

A c o m p a r i s o n of t h e r e d d e n i n g va lues so o b t a i n e d w i t h va lues o b t a i n e d f r o m UBV 
d a t a ( the p r o c e d u r e desc r ibed a b o v e ) a n d f r o m M K t y p e s a n d (B—V) va lues s h o w s 
t h a t t he a g r e e m e n t (where d a t a a r e g o o d ) is excel lent . F o r e x a m p l e , a de ta i led c o m 
p a r i s o n of t h e t h r ee m e t h o d s is g iven by C r a w f o r d et al. (1970) for t h e s ta rs in t he h 
a n d x Pe r c lus ters . 
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I n al l t h e w o r k t o fo l low, w e h a v e a s s u m e d t h e r a t i o o f to ta l - to-se lec t ive a b s o r p t i o n 
t o b e AV/E(B- K ) = 3 . 2 ; i.e., Av/E (b-y) = 4 . 3 . 

C. HYDROGEN-LINE DATA, AND'PHOTOMETRIC TWO-DIMENSIONAL CLASSIFICATION 
FOR B-TYPE STARS 

I n F i g u r e 5 , 1 s h o w t h e r e l a t ion b e t w e e n o u r obse rved /? va lues a n d Pe t r i e ' s Hy va lues 

for B- type s ta rs w i t h d a t a in c o m m o n . T h e Hy va lues h a v e b e e n t a k e n f rom a recen t 

c o m p i l a t i o n by C r a m p t o n , w h o h a s k ind ly sent m e his d a t a . O n l y a s a m p l i n g of d a t a 

2.5 

1 1 

X 
x x X * 

: »• x . . . X * 
..«*«• * x 

i 1 

B STARS 

2.6 
C \ . . x * 

• u •* 
• •« • > . 

* . . . • 
• .*•« . • . . 

\ *<*u -
2.7 

2 .8 

2.9 

0 .0 5.0 10 .0 15.0 2 0 . 0 
Hr 

Fig . 5. T h e re la t ion be tween the 0 p a r a m e t e r a n d Petr ie ' s H y values , for B- type s ta rs . Crosses deno te 
k n o w n emission line objec ts ; po in t s for s o m e such objects would lie off of the t o p of t he figure. Only 

a s ampl ing of po in t s for late B- type s tars a r e shown . 

for t h e la te r B- type s t a r s h a s b e e n p lo t t ed , t o s h o w t h e t r e n d . E m i s s i o n l ine objec ts 
a r e genera l ly well s e p a r a t e d f r o m t h e m a i n re la t ion . N o sca t t e r d u e t o r o t a t i o n veloci ty 
effects is a p p a r e n t in t h e d a t a , a n d t h e overa l l sca t te r in t h e r e l a t i o n is c lose t o t h a t 
expec ted f r o m o b s e r v a t i o n a l e r r o r a l o n e . 

I n F i g u r e 6, we s h o w t h e r e l a t i o n be tween t w o wel l -obse rved pho toe l ec t r i c p a r a 
me te r s . T h e d a t a p l o t t e d a r e for t he f$ sys tem s t a n d a r d s ta r s , t h e jS's t a k e n f rom 
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2.0 

2.1 

HOAGy 

2.2 

2.3 

2.5 2.6 2.7 2.8 2.9 

P 
Fig . 6. T h e relat ion be tween the 0 p a r a m e t e r a n d H o a g ' s photoe lec t r ic Hy p a r ame te r , for s t anda rd 

s tars of the 0 system. 

C r a w f o r d a n d M a n d e r (1966) a n d the Hy va lues f rom H o a g ' s u n p u b l i s h e d y va lues 
for t h e s a m e s tars . W e w i s h t o t h a n k h i m for p e r m i s s i o n t o s h o w his d a t a . A s c a n be 
seen, the sca t te r is q u i t e sma l l . 

In F i g u r e 7, we s h o w o u r /? d a t a p lo t t ed aga ins t A n d r e w s ' (1968) H a d a t a , for 
B- type s ta rs . T h e p o i n t s a b o v e t h e ave rage re la t ion a r e d u e t o emiss ion l ine s ta rs . 
A g a i n , as in t he Hy vs /? p l o t s , p o i n t s for emiss ion l ine s ta rs a r e well s e p a r a t e d f rom 
t h e m a i n re la t ion , a n d n o r o t a t i o n a l veloci ty effects a r e ev iden t in t h e re la t ion . M a n y 
s u p e r g i a n t s ta rs h a v e h y d r o g e n emiss ion , b u t t h e d a t a for t h e m lie a l o n g the m a i n 
r e l a t ion ( u p p e r left). T h e s e p a r a t i o n of such s ta rs f r o m m a i n s e q u e n c e emiss ion l ine 
ob jec t s is r a t h e r easy . T h e t u r n - u p for t h e b r igh t e r B- type s t a r s is d u e t o n o n - L T E 
effects, l e ad ing t o emis s ion (see M i h a l a s , 1972, a n d t h e references g iven there ) . T h e 
t r a n s i t i o n t o emiss ion is s m o o t h , as t h e o r y p red ic t s . A n H a p a r a m e t e r s h o u l d t h u s b e 
b e t t e r t h a n a n H0 p a r a m e t e r for a b s o l u t e m a g n i t u d e d e t e r m i n a t i o n s for t he b r igh te s t 
B- type s ta rs . F o r l a t e r B- type s t a r s , H0 is p r o b a b l y be t t e r , a n d t h e t w o toge the r c a n 
s e p a r a t e o u t ' emiss ion- l ine s t a r s ' . N e i t h e r will w o r k well if t h e emiss ion is va r i ab le . 

P h o t o m e t r i c c lassif icat ion is poss ib le w i t h t h e p a r a m e t e r s w e h a v e m e a s u r e d o r 
der ived a b o v e . T h e p a r a m e t e r s m e a s u r i n g the B a l m e r d i s c o n t i n u i t y [_{U—2?)0, c 0 ] 
re la te to effective t e m p e r a t u r e , t h e h y d r o g e n - l i n e p a r a m e t e r s [0, y, o r a ] re la te t o 
l uminos i ty , o r a b s o l u t e m a g n i t u d e . A (/?, c 0 ) d i a g r a m , the re fo re , is r a t h e r l ike a n H R 
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Fig. 7. T h e re la t ion be tween the /? p a r a m e t e r and A n d r e w s ' photoe lec t r ic H a pa rame te r . Emiss ion 
line objects lie above the average re la t ion . Poin ts for B-type superg ian t s lie in the u p p e r left of the 

d iagram. Only a sampl ing of points for late B-type s ta rs a re shown. 

d i a g r a m , o r a c o l o u r - m a g n i t u d e d i a g r a m . F u r t h e r m o r e , ' b o x e s ' c a n be d r a w n in such 
a d i a g r a m re la t ing t o M K types . In fact, t he r e l a t ion o f t h e p h o t o m e t r y t o the spect ra l 
t ypes is very g o o d ; see, for e x a m p l e , C r a w f o r d (1958). E x c e p t i o n s a r e usua l ly ' pecu 
l i a r ' s t a r s ; for e x a m p l e , see G a r r i s o n (1967) a n d C o w l e y a n d C r a w f o r d (1971). 

I n F i g u r e 8, we s h o w t h e (jS, c0) d a t a for t he 0 - B 5 s ta r s b r i g h t e r t h a n V=6.5. A 
l o w e r enve lope is a p p a r e n t . T h i s l ower b o u n d a r y defines o u r ' z e r o - a g e m a i n s eq u en ce ' 
( Z A M S ) , a n d we i n t e r p r e t t h e sca t t e r a b o v e it (except for t h a t d u e t o o b s e r v a t i o n a l 
e r r o r ! ) t o be d u e t o t h e s t a r s h a v i n g evolved a b o v e t h e Z A M S a n d hence h a v i n g 
g rea te r luminos i t i e s for a g iven t e m p e r a t u r e . S u c h a n i n t e r p r e t a t i o n is g o o d on ly t o a 
first a p p r o x i m a t i o n , o f c o u r s e , a s t h e p a r a m e t e r s a r e n o t idea l o n e s , a s desc r ibed in 
Sec t ion 2 a b o v e . In t h e final c a l i b r a t i o n , we will use a p a r a m e t e r Sp defined as 

dp = p ( Z A M S ) - p ( o b s e r v e d ) , 

a n d re la te th i s dp t o SMVi w h e r e 

8MV = Mv ( Z A M S ) - Mv ( ' o b s e r v e d ' ) . 
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-0 .3 0.0 0.3 

Co 

0.6 0.9 

Fig. 8. T h e 0 vs co d i a g r a m for O - t o B5-type s tars br ighter t h a n K = 6 . 5 . W e define the lower 
enve lope as the 'zero-age m a i n sequence ' ( Z A M S ) . 

2 .6 

PLEIADES 

I 1 I l I 

0 . 2 0 . 4 0 .6 0 . 8 1.0 

Co 
Fig . 9. T h e 0 vs co r e la t ion for B- type s tars tha t a r e m e m b e r s of t he Pleiades cluster. Different 
symbols deno te s tars with large or small Vsini values (in k m s _ 1 ) . T h e line d r a w n in the d i ag ram is 

the Z A M S . 
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I n F i g u r e 9, we s h o w t h e (/?, c0 ) r e l a t i on for t h e B- type s ta r s in t h e P le iades c lus ter . 
T h e s e p a r a t i o n of t he b r i g h t e r s t a r s f r o m the Z A M S l ine is ev ident . L i t t l e , if any , 
effect is no t i ceab le d u e t o V s in i differences. 

D. THE ABSOLUTE MAGNITUDE CALIBRATION 

W e d o the ca l i b r a t i on b y several d i s t inc t s t eps : 
(1) D e t e r m i n e t h e s h a p e of t h e Z A M S re la t ion be tween Mv a n d ft for t h e A a n d F 

s t a r s , by o b s e r v a t i o n s in c lus te rs . I n t h r ee of t h e c lus te rs used , P le i ades , a Per , a n d 
I C 4665 , t h e A a n d F s t a r s s h o u l d b e nea r ly u n e v o l v e d ; t he re fo re , n o co r r ec t i on for 
a n y 5MV a b o v e the Z A M S h a s been app l i ed . F o r t h e o t h e r c lus te rs , a co r r ec t i on h a s 
been app l i ed t o t hose s t a r s w i t h signif icant dcx ( F o r d i scuss ion of these co r r ec t ions , 
see S t r o m g r e n , 1966, a n d C r a w f o r d , 1970.). F o r A - t y p e s ta r s 8 5c{=5V0 h a s been 
a d d e d t o the ind iv idua l K 0 ' s ; for F s t a r s 11 dci=SV0 was used. T h e V0 vs ft r e l a t ion 
for t h e s ta rs in I C 4665 is s h o w n in F i g u r e 10, as a n e x a m p l e . D i a g r a m s for the sep
a r a t e c lus ters were over layed , s l id ing the d i a g r a m s ver t ical ly a l o n g l ines of equa l /?, a n d 

8.0 | — i 1 1 1 

Fig. 10. T h e Vo vs 0 re la t ion for A , F - t y p e m e m b e r s of the c luster I C 4665. A m e a n relat ion is 
d r a w n t h r o u g h the po in t s . 

a s m o o t h m e a n r e l a t ion bes t fitting t h e ind iv idua l r e l a t i ons w a s d r a w n . T h e H y a d e s 
a n d P r a e s e p e were not u s e d in th i s d e t e r m i n a t i o n . 

(2) D e t e r m i n e t h e z e r o - p o i n t o f t h e r e l a t i on f r o m a fit t o t r i g o n o m e t r i c pa r a l l ax 
s t a r s . A b s o l u t e m a g n i t u d e s were ca l cu l a t ed for t h o s e s ta rs w i t h p a r a l l a x e s g rea te r t h a n 
O'M 00 , in t he Yale Trigonometric Parallax Catalog ( J e n k i n s , 1963), a n d for t h o s e w i t h 
pa r a l l axe s g rea te r t h a n 0' '060 h a v i n g la rge weight . T h e r e s u l t a n t a b s o l u t e m a g n i t u d e s 
w e r e p l o t t e d in a (Af K , /?) d i a g r a m , a n d the c o r r e c t i o n s for 8MV a p p l i e d wheneve r 
Scx w a s n o t equa l t o ze ro . T h e m e a n s lope d e t e r m i n e d a b o v e , in S t e p 1, w a s t h e n fitted 
t o t h e co r rec t ed po in t s . T h e resu l t is s h o w n in F i g u r e 11. I t c a n b e seen t h a t t h e m e a n 
c lus te r s lope fits the d a t a for t h e p a r a l l a x s ta rs qu i t e well . 
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0.0 

6 0 1 • 1 1 1 1 

2.9 2.8 2.7 2.6 2.5 

Fig. 11. T h e M r vs /? re la t ion for A , F- type s tars with large t r igonomet r i c para l laxes . T h e vertical 
line with the cross-bar shows the cor rec t ion for evolu t ionary effects (see text) . T h e mean relat ion 
f rom clusters is d r a w n in the figure, as best fitting the poin ts for the para l lax s ta rs . T h e line, there

fore, is the ca l ib ra t ion valid for the Z A M S for the A- a n d F- type s ta rs . 

2 . 7 2 . 8 2 .9 

/3 

Fig. 12. The Vo vs ft re la t ion for B-type m e m b e r s of the Pleiades cluster . T h e crosses with circles 
a b o u t t h e m denote s tars wi th K s i n / greater t h a n 200 k m s _ 1 . T h e line is an eye es t imate 

of the best fit to the points . 
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W e there fore define th i s bes t fit a s t h e Z A M S for A - a n d F - t y p e s ta r s , as a func t ion 
o f t h e p a r a m e t e r p. F u r t h e r m o r e , if t h e obse rved d a t a for a given s ta r , w h e t h e r c lus te r 
m e m b e r o r field s tar , h a s a n o n - z e r o Sc\, we cor rec t t he Z A M S a b s o l u t e m a g n i t u d e 
for th i s ' e v o l u t i o n a r y ' effect. T h a t is , MV = MV ( Z A M S ) — / S c l 9 w h e r e / = 8 for a n A 
s t a r a n d / = 11 for a n F s ta r . 

Fig. 13. A s in F igure 12, bu t for m e m b e r s of the a Per cluster . 

B 
Fig. 14. T h e V0 vs fi re la t ion for B-type m e m b e r s of the cluster I C 2391 . D a t a f rom Perry and Hill 

(1969). T h e line is an eye es t imate of the best fit t o the poin ts . 
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A ' b y - p r o d u c t ' of th i s p r e l i m i n a r y ca l i b r a t i on is t he d i s t ance m o d u l u s t o each of t h e 
c lus te r s used in t h e fitting p roces s . I n pa r t i cu l a r , w e find 5 ? 5 for t h e P le iades , 6™2 for 
t h e a Per c luster , a n d 7T5 for I C 4665 . W e will use these va lues t o fix t he ze ro -po in t 
for t h e a b s o l u t e m a g n i t u d e c a l i b r a t i o n for t h e B- type s ta rs . 

(3) D e t e r m i n e t h e V0 vs p r e l a t i on for c lus ters c o n t a i n i n g B- type s ta rs . D a t a for 
e a c h of t h e c lus ters re ferenced a b o v e were used . W e s h o w in F i g u r e s 12 t o 16 the rela
t i o n s for several o f t h e c l u s t e r s : t h e P le iades , a Per , I C 2 3 9 1 , O r i o n , a n d N G C 6231 . 

(4) Over l ay these V0 vs P d i a g r a m s , s l id ing a l o n g l ines o f e q u a l /?, so as t o d e t e r m i n e 
t h e best fitting m e a n r e l a t i o n for all c lus te rs . T h i s p r o c e d u r e is q u i t e s imi la r t o t h a t 
u sed by Pet r ie for h is Uy c a l i b r a t i o n . H e h a d c o n s i d e r a b l y less d a t a t o use , however . 
I n d o i n g th i s over lay , I w a s i m p r e s s e d t h a t l i t t le e v o l u t i o n a r y o r K s i n / effects a p p e a r 
t o b e p resen t . 

(5) D e t e r m i n e t h e z e r o - p o i n t for t he resu l t an t m e a n r e l a t ion ( tha t is, c h a n g e the V0 

scale to My by forc ing t h e d i s t ance m o d u l i of the th ree c lus te rs of S t ep 2 t o agree wi th 
t h e ca l ib ra t i on ) . T h e resu l t ing , p r e l i m i n a r y , c a l i b r a t i on is s h o w n in F i g u r e 17, as a 
s m o o t h l ine. T h e s y m b o l s s h o w F e r n i e ' s (1965) ca l i b r a t i on , ba sed o n earl ier , less 
c o m p l e t e , d a t a . 

T h e ca l i b r a t i on a l so fits well t h e p o i n t s for Sir ius a n d Vega ( f rom t r i g o n o m e t r i c 
pa ra l l axes ) a n d for Sp ica ( f rom t h e in te r fe romet r i c w o r k of H e r b i s o n - E v a n s et al. 
(1971)) . 

(6) C h e c k t h e p r e l i m i n a r y c a l i b r a t i o n for sys temat ic e r ro r s t o d u e age differences, 

4 . 0 

V 0 6 . 0 

8 .0 

ORION 

* X 
X * 

X X " 

I I I i i2L_U 

2 . 6 2.7 2.8 2.9 

Fig. 15. T h e Vo vs re la t ion for B-type s tars in the Or ion associat ion. T h e line is a n eye es t imate 
of the best fit t o the points . 
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Fig. 16. As in F igure 15, bu t for m e m b e r s of the cluster N G C 6231. 

F ig . 17. T h e prel iminary Mv vs 0 ca l ibra t ion . T h e crosses indicate the ca l ibra t ions of Fern ie (1965). 
T h e pre l iminary cal ibrat ion is valid for s tars on or nea r the Z A M S , but shou ld be useful for evolved 

s tars as well (see the text). 
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r o t a t i o n a l veloci ty effects, f r equency-of -b ina ry differences f r o m c lus te r t o c lus ter , 
spec t ra l t y p e effects, emi s s ion l ine s t a r s , e tc . 

In genera l , we find few significant effects. In pa r t i cu l a r , t h e r e a p p e a r t o be n o sys
t e m a t i c effects d u e t o differences in Vsini f r o m s ta r t o s t a r , a s Pe t r i e (1965) a l so c o n 
c l u d e d f rom his p h o t o g r a p h i c H y w o r k . 

Smal l age effects, o r spec t ra l t y p e effects, d e p e n d i n g o n y o u r p o i n t of view, d o exist , 
b u t they a re less t h a n in t h e c lus te r f i t t ing t e chn iques p rev ious ly used , for e x a m p l e , by 
J o h n s o n (1957) o r B l a a u w (1963). 

T h e last t w o figures a r e p r o p a g a n d a for t he h y d r o g e n - l i n e t e c h n i q u e a n d ca l i b r a 
t i o n . F i g u r e 18 s h o w s t h e ( V0 - Mv ) vs V0 r e l a t ion for t h e P le i ades , w h e r e evo lu t ion 
a r y effects a r e ce r t a in ly p re sen t . I n t h e t o p p a r t o f t h e d i a g r a m , M / s were d e t e r m i n e d 
us ing B l a a u w ' s M K ( Z A M S ) vs (U-B)0 c a l i b r a t i on . I n t h e b o t t o m half, t he MyS 
w e r e d e t e r m i n e d u s i n g t h e Mv vs /? c a l i b r a t i o n of F i g u r e 17. F i g u r e 19 s h o ws t h e 
equ iva len t d i a g r a m for t h e a Pe r c lus ter . C lear ly t he l a t t e r t e c h n i q u e is t o be prefer red 
(a t least , I t h i n k so! ) , especia l ly for field s ta rs . 

6.0 

5.0 

4.0 

3.0 

dm 2.0 

1.0 
7.0 

6.0 

5.0 

4.0 

2.0 4.0 6.0 8.0 
Vo 

Fig . 18. T h e calcula ted d is tance m o d u l u s for B-type m e m b e r s of the Pleiades p lo t ted versus their 
Vo magni tude . Po in t s o n the t o p d i a g r a m were calculated using B l a a u w ' s (1963) ca l ibra t ions of Mv 
( Z A M S ) vs (U — B)o\ po in t s in the b o t t o m d iag ram using the ca l ibra t ions s h o w n in Figure 17. 

C u r v a t u r e indicates ' evolu t ionary effects ' , (see text). 
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T h e final c a l i b r a t i ons , nea r ly c o m p l e t e d , will a l low for these e v o l u t i o n a r y effects 
v ia a SMV co r r ec t i on , in t e r m s o f a dp a b o v e t h e Z A M S in t h e P vs c0 d i a g r a m . 

T h i n g s r e m a i n i n g t o b e d o n e before I a m wil l ing t o label t h e c a l i b r a t i o n as final a r e : 
(a) r e m a i n i n g checks for sy s t ema t i c effects, 
(b) averages for each M K spec t ra l t y p e , 
(c) final d e t e r m i n a t i o n o f t h e dp f ac to r as a func t ion o f spec t ra l t y p e , a n d 
(d) c o m p a r i s o n s t o o t h e r a b s o l u t e m a g n i t u d e ca l i b r a t i ons . 
I w o u l d l ike t o c o n c l u d e b y s h o w i n g o n e of t h e c o m p a r i s o n s ; T a b l e I s u m m a r i z e s 

t h e c o m p a r i s o n . F o r s t a r s o f a g iven M K spect ra l t ype , I h a v e d e t e r m i n e d t h e ave rage 

d m 

7.0 1 1 

6.0 

5.0 -

4.0 
/ a PER 

3.0 

6.0 

1 1 X 

XX 

5.0 / 

4.0 
1 1 

2.0 4.0 6.0 8.0 
V0 

Fig. 19. A s in F igu re 18, bu t for m e m b e r s of the a Per cluster . 

c0 ( the re were a b o u t 20 s ta r s in e a c h sub- type) . I t h e n r e a d off p l o t s o f c0 vs (U-B)0 

t h e equ iva len t (U—B)0 for e a c h t ype . T h e r e su l t an t va lues agree closely w i th o t h e r 
a u t h o r ' s ave rage va lues for e a c h s u b - t y p e , for e x a m p l e , S c h m i d t K a l e r ' s (1965). I a l so 
r e a d off t he Z A M S l ine in t h e c0 vs p d i a g r a m s t h e va lue of P equ iva l en t t o e ach 
a v e r a g e cQ. T h i s P t h e n gives us a Mv va lue f r o m t h e c a l i b r a t i o n , va l id for t h e Z A M S . 
F r o m B l a a u w ' s Mv ( Z A M S ) vs (U—B)0 c a l i b r a t i ons , I a l so o b t a i n e d a n Mv va lue 
va l id for t he Z A M S . E a c h o f these va lues is given in T a b l e I, a n d t h e a g r e e m e n t is 
excel lent , be t t e r t h a n I w o u l d h a v e expec ted , p e r h a p s . In a n y case , I t h i n k one can 
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T A B L E I 

C o m p a r i s o n of the /?, Mv ca l ibra t ion wi th B laauw ' s (U — B)o, 
Mv ca l ibra t ion , bo th valid for the Z A M S 

M K type co (U-B)0 A ( Z A M S ) Mv(fi) Mv(U-B)o 

0 9 
BO 
B l 
B 2 
B 3 
B 4 
B 5 
B 6 

- 0 ™ 1 2 
- 0 . 0 7 
+ 0.02 
+ 0.15 
+ 0.33 
+ 0.37 
+ 0.42 
+ 0.48 

- 1 ™ 1 0 
- 1 . 0 5 
- 0 . 9 6 
- 0 . 8 4 
- 0 . 6 7 
- 0 . 6 3 
- 0 . 5 9 
- 0 . 5 5 

2™590 
2.608 
2.629 
2.658 
2.701 
2.709 
2.720 
2.735 

- 4 ™ 6 
- 3 . 9 
- 2 . 9 
- 1 . 9 
- 1 . 0 
- 0 . 8 
- 0 . 6 
- 0 . 3 

_ 4 m 5 

- 3 . 9 
- 2 . 8 
- 1 . 8 
- 0 . 9 
- 0 . 8 
- 0 . 6 
- 0 . 3 

conf ident ly use t he (/?, Mv) c a l i b r a t i o n , especial ly for s t a r s n e a r t h e Z A M S , a n d , w i th 
ca re , even for evolved s ta rs . 

I h o p e t o have t h e final c a l i b r a t i o n d o n e a n d in press sho r t l y (pa r t i cu la r ly if t he 4-m 
te lescope p r o g r a m goes s m o o t h l y th i s fall a n d w i n t e r ! ) . I w o u l d b e m o s t h a p p y to re
ceive cons t ruc t ive c r i t i c i sms b o t h n o w a n d after t he m e e t i n g , before I get t he final 
c a l i b r a t i o n finished. 

I wish t o t h a n k very m u c h t h o s e w h o h a v e a l l owed m e t o use t he i r d a t a in a d v a n c e o f 
p u b l i c a t i o n . I a l so wish t o t h a n k D r Beng t S t r o m g r e n for his e n c o u r a g e m e n t a n d 
adv ice t h r o u g h o u t al l p h a s e s of t he w o r k , M r s J e a n n e t t e B a r n e s , a n d M r J o h n 
G o l s o n , w i t h o u t w h o m m y re sea rch w o u l d h a v e w i the r ed m o r e t h a n it h a s d u r i n g m y 
la rge te lescope a d v e n t u r e s , a n d t h o s e m a n y a s t r o n o m e r s w i t h w h o m I h a v e h a d m a n y 
en joyable a n d prof i tab le d i scuss ions a b o u t p h o t o m e t r y a n d c a l i b r a t i o n s . 
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D I S C U S S I O N 

Crampton: In the case of k n o w n b inary s tars did you m a k e cor rec t ion for dupl ic i ty? 
Crawford: W e did no t m a k e any cor rec t ion for duplicity. T h e binar ies a re generally included in 

the discussion. 
Blaauw: H o w large would you es t imate the p r o b a b l e e r r o r of the m a i n sequence fit to the t r igono

met r ic para l lax s tars , i.e., t he p .e . of the zero point of the newly derived Mv sys tem? 
Crawford: Someth ing l ike 0™1 or 0™2. 
Wesselink: Cou ld you use y o u r Mv vs fi t echnique t o the n o n emiss ion (apparen t ly fainter) B s tars 

in t he Magel lanic C louds wi th consequen t result for the dis tance m o d u l u s ? 
Crawford: Yes , we a re observ ing jus t such s tars at the present t ime. 
Schmidt-Kaler: Y o u showed a d i a g r a m H a vs H/? with qui te a few emiss ion B s tars , a n d a d iag ram 

H/? vs Hy with very few. D i d y o u put the same s tars in b o t h d i a g r a m s ? O r does this m e a n tha t you 
find a d i scont inuous Ba lmer j u m p ? 

Crawford: M o s t of the s ta rs a r e the same . M a n y m o r e s tars show emission at H a t h a n at H/? or Hy. 
Jaschek: D i d you observe in O r i o n s tars which show hel ium line anoma l i e s? Did you exclude 

B-type peculiar s tars or , in general , pecul iar s ta rs? 
Crawford: W e observed a few of the s tars in Or ion tha t you refer t o . S o m e look o d d in ou r p h o t o 

met ry , some d o no t . I n genera l , we include peculiar s ta rs in o u r work . T h e A m s tars fit the cal ibrat ions 
for the A s tars qui te well. Mos t A p s tars look like B s tars t o me . 

Maeder: Wi th r ega rd t o the pos i t ion of the Of s tars in s o m e of y o u r d i ag rams o n e should n o t e 
t h a n , according t o W a l b o r n , the f-characteristics m a y be identified with a luminosi ty effect. O n e m a y 
s h o w that the different pos i t ion of the Of s tars in (U — B) vs (B — V) d i a g r a m is in comple te agreement 
wi th the luminosi ty effect predic ted by the recent n o n - L T E models of A u e r a n d N^ihalas. This m a y 
be considered as a supp lemen ta ry s u p p o r t to the hypothesis tha t the Of s ta rs a r e intrinsically br ighter 
t ha t the so-called n o r m a l O- type s tars . T h e observed difference is no t due to t he con t r ibu t ion of the 
emiss ion lines in the filters ( < 0™003) bu t to a change p roduced by the luminosi ty effect in the energy 
dis t r ibut ion. 

Blaauw: D o s tars in the T a u r u s s t r eam, which is associated with the Hyades , behave similar to the 
H y a d e s p rope r in the a vs /? d i a g r a m ? 

Crawford: Yes , mos t of them look like s tars in the H y a d e s cluster , accord ing t o Eggen. 
Jones: I find tha t a back -warming correc t ion is required in /? when c o m p a r i n g s tars of very different 

meta l a b u n d a n c e . It a m o u n t s to roughly 0™05 between s tars of 0.01 the so lar a b u n d a n c e a n d those 
of solar abundance . 

Murray: Cou ld the Hyades d iscrepancy be accounted for by slight differences in the p roper m o t i o n 
sys tem depend ing on a p p a r e n t m a g n i t u d e , leading t o systematic differences in the abso lu te magni tudes , 
a l so depending o n a p p a r e n t m a g n i t u d e ? 

Crawford: I d o n ' t th ink s o ; if any th ing , the p h o t o m e t r y would indicate t ha t there a re n o such 
difficulties. 

Garrison: I sn ' t it d i s tu rb ing tha t the two clusters which you find d o n o t fit a re the only old, r ich 
c lus ters? 

Crawford: Yes , however , the statistics of small n u m b e r s al low all sor t s of puzzles . 
Hauck: I jus t wan t t o m e n t i o n t h a t all publ ished measu remen t s in t h e uvby 0 system have been 

compi led he re by L i n d e m a n n a n d myself. I t is possible to ob t a in the t ape a t the C e n t r e de D o n n e e s 
Stellaires in S t rasbourg . N o w we have 6000 s tars and we h o p e t o publ ish as s o o n as possible a general 
ca ta logue with h o m o g e n e o u s da ta . 
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