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Abstract . I n chap te r 1 basic m e t h o d s a r e reviewed, a n d app l i ca t ions a n d sugges t ions for future w o r k 
a r e presented. I n chap te r 2 a revis ion is given of the in t r ins ic-colour re la t ion in the U, B, V sys tem of 
h o t main-sequence s ta rs . S o m e t empera tu re -co lou r re la t ions a r e discussed in c h a p t e r 3 , where a lso a 
cor rec t ion fo rmula is given for t h e effects of interstel lar r edden ing o n t h e effective t empe ra tu r e s of h o t 
main-sequence s ta rs . A n empi r ica l mass- luminos i ty re la t ion is given in c h a p t e r 4 . 

1. Bas is M e t h o d s , F u t u r e W o r k and Appl ica t ions 

1.1. INTRODUCTION 

Pecke r ( these p r o c e e d i n g s , p a g e 173) has reviewed s o m e p r o b l e m s c o n c e r n i n g the 

d e t e r m i n a t i o n of effective t e m p e r a t u r e s . F r o m his p a p e r it will be c lear t h a t n o new 

scales of t e m p e r a t u r e s a n d o f b o l o m e t r i c c o r r e c t i o n s c a n be g iven a t th i s m o m e n t . 

S u c h scales w o u l d n o t be be t t e r t h a n p r e v i o u s ones . 

A t t he m o m e n t t h e r e is far m o r e sense in t ry ing to r e d u c e s o m e of t h e d i s a g r e e m e n t s 

m e n t i o n e d by Pecker . T h i s c a n b e d o n e by i m p r o v i n g t h e t h e o r y as well as t he obse rva 

t iona l accuracy . T h e la t t e r will be e m p h a s i z e d in th i s p a p e r . 

1.2. BASIC FORMULAE 

T h e well k n o w n def ini t ion f o r m u l a of the effective t e m p e r a t u r e , Tef{, is 

( 1 ) 

w h e r e a d e n o t e s S t e f a n - B o l t z m a n n ' s c o n s t a n t a n d & is the m o n o c h r o m a t i c e m e r g e n t 

flux a t wave l eng th X(ergs c m - 3 s _ 1 ) o r a t f requency v (e rgs c m " 2 s _ 1 H z " 1 ) . 

T h e abso lu t e b o l o m e t r i c m a g n i t u d e , Af b o l , c a n be w r i t t e n as 

M b o l = - 5 l o g R / R Q - 10 log T e f f + M b o l Q + 10 log T e f f Q . (2) 

C o m b i n e d w i th t h e def in i t ion of t h e b o l o m e t r i c c o r r e c t i o n , BC, 

Mhol = Mv + BC, (3) 

o n e gets the classical e x p r e s s i o n : 

BC = - Mv - 5 log R/RQ - 10 log T e f f + MVQ + BCQ + 10 log T e f f ( D . 

(4) 

Th i s f o r m u l a gives t he poss ib i l i ty t o d e t e r m i n e t he BC in an empi r i ca l w a y (see 

B. Hauck and B. E. Westerlund (eds.), Problems of Calibration of Absolute Magnitudes and Temperature of Stars, 231-271. 
All Rights Reserved. Copyright © 1973 by the IAU. 
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Sec t ion 1.8). I t m a y a l r eady be s t a t e d he re , t h a t TcffQ ( = 5800 K , see C o d e ' s p a p e r , these 
p r o c e e d i n g s p a g e 131), BCQ (see Sec t ion 1.8) a n d M t ? Q ( = 4.87 m a g . , G a l l o u e t , 1964) 
c a n b e a s s u m e d t o be r a t h e r well k n o w n a t p r e s e n t ; t h a t s o m e t i m e s r e f f c a n be de ter 
m i n e d f r o m spec t ra l scans a n d spec t r a (Sec t ions 1.6 a n d 1.7); t h a t t h e r a d i u s R/RQ 

s o m e t i m e s c a n be f o u n d if t h e s t a r is a c o m p o n e n t o f a well s t u d i e d ecl ips ing b ina ry , 
w h i c h h a s well d e t e r m i n e d r ad i a l ve loci ty curves , o r s o m e t i m e s c a n b e ca lcu la t ed f rom 
t h e p a r a l l a x a n d the a n g u l a r d i a m e t e r as cou ld be o b t a i n e d f r o m in t e r f e romet r i c 
m e a s u r e m e n t s o r l u n a r o c c u l t a t i o n s ; t h a t Mv s o m e t i m e s c a n be f o u n d f r o m n a r r o w 
b a n d p h o t o m e t r y , spec t ro scop i c pa r a l l axe s o r f rom a s t r o m e t r i c pa r a l l axe s a n d V0, 
t h e l a t t e r be ing g iven by 

V0 = V-R-E(B-V). (5) 

U n f o r t u n a t e l y , t he c o l o u r excess, E(B- V), (see c h a p t e r 2) as well a s t h e r a t i o of the 
v isua l in ters te l lar ex t inc t ion t o t h e c o l o u r excess, R, is of ten r a t h e r u n c e r t a i n . 

O t h e r well k n o w n expres s ions for the BC a r e 

BC = 2.5 log - 5 - + c o r (6a) 

0 

= 2.5 log ^ + c o r (6b ) 

SXFX dX 

= 2.5 log °- + c, (6c) 

h 
0 

F2 M 

w h e r e 5 A d e n o t e s a n o r m a l i z e d p h o t o v i s u a l sensit ivi ty f u n c t i o n a s g iven b y M a t t h e w s 
a n d S a n d a g e (1963) for e x a m p l e (see t h e last b u t o n e p a r a g r a p h of Sec t i on 2 .7) ; 

fx t h e m o n o c h r o m a t i c s tel lar flux a t t h e E a r t h in a re la t ive scale , 
Fx t h e ab so lu t e m o n o c h r o m a t i c s te l lar flux m e a s u r e d a t t h e E a r t h , a n d 
c a c o n s t a n t . F o r the S u n F A is m e a s u r e d over a sufficiently la rge w a v e l e n g t h reg ion 

a n d BC® is k n o w n f r o m E q u a t i o n (3) , MvQ a n d t h e a d o p t e d ze ro p o i n t o f t h e b o l o 
m e t r i c scale. So c is k n o w n . H o w e v e r , he re a h i the r to u n s o l v e d difficulty ar ises , which 
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c a n be s h o w n m o s t easily by c o m b i n i n g the E q u a t i o n s (6a) a n d (1) i n t o : 

oo a) 

BC = 2.5 log J Sk&k dX - 10 log 7 e f f - 2 .5 log J S k ^ k ( O ) dA + 

0 0 

+ 1 0 1 o g r e f f ( O ) + B C ( O ) . (7) 

N o w ^ k ( G ) , a s o b t a i n e d f r o m d i rec t m e a s u r e m e n t s o r f r o m a n empirical so la r m o d e l , 

is n o t equa l t o ^ A ( Q ) a s o b t a i n e d f rom a stellar m o d e l w i t h r e f f = 5 8 0 0 K a n d 

log 0 = 4.44 (cgs un i t s ) , ca l cu la t ed in h y d r o s t a t i c a n d r a d i a t i v e e q u i l i b r i u m a n d wi th 

c o n s t a n c y of t h e i n t e g r a t e d flux t h r o u g h o u t t h o s e p a r t s o f t h e m o d e l t h a t a r e i m p o r t a n t 

fo r p r o d u c i n g t h e e m e r g e n t s p e c t r u m & k . Refe rence m a y be m a d e t o W e i d e m a n n et al. 
(1967) a n d t o t h e d i scuss ion r e m a r k s o f W e i d e m a n n a n d P o p p e r o n p a g e 276 of 

G i n g e r i c h (1969). I t m a y be sugges ted t h a t in o r d e r t o d e t e r m i n e a n usab le c t h e 

a d o p t e d BCQ s h o u l d be used is f o r m u l a (6a) a n d t h a t t h e ^ k ( 0 ) s h o u l d be o b t a i n e d 

f r o m a stellar m o d e l w i t h r e f f = 5 8 0 0 K a n d l o g # = 4.44. 

1.3. DIRECT EMPIRICAL DETERMINATION OF THE BC AND FUNDAMENTAL DETERMINATION 

O F T E F F 

F o r s o m e u n r e d d e n e d s ta r s Fk is a l r eady k n o w n over a sufficiently l a rge w a v e l e n g t h 

reg ion . I n such cases BC c a n be d e t e r m i n e d empi r ica l ly w i t h E q u a t i o n (6c). I n t h e n e a r 

fu tu re m u c h m o r e c o m p l e t e flux enve lopes will b e k n o w n o f s ta r s for w h i c h t h e BC 

t h e n can be f o u n d w i t h E q u a t i o n (6c). A m a i n p r o b l e m will b e t h e a c c u r a t e co r r ec t i on 

o f t h e obse rved flux e n v e l o p e for in ters te l la r a n d / o r c i r cums te l l a r r e d d e n i n g . 

O n c e a BC is o b t a i n e d in th i s way , the T e f f of t h a t s t a r c a n be f o u n d f r o m E q u a t i o n 
(4) rewr i t t en a s : 

10 log T E F F = - Mv - BC - 5 log R/RQ + MVQ + BCe + 10 log T E F F 0 . (8) 

1.4. THEORETICAL DETERMINATION OF THE BC 

I n m o s t cases t h e BC's h a v e still t o be de r ived f r o m m o d e l a t m o s p h e r e s wi th (6a) , 

w h e r e & k is t h e c a l c u l a t e d flux. A cons i s t en t g r id of m o d e l s s h o u l d b e used a n d th is 

gr id s h o u l d inc lude a m o d e l w i t h Tcf{ = 5 8 0 0 K a n d l o g # = 4.44. I t is necessary t h a t t h e 

influence of v a r i a t i o n o f t h e l ine s t r eng ths is p r o p e r l y t a k e n i n t o a c c o u n t ; t he ca lcula

t i o n s h a v e t o b e p e r f o r m e d for a set o f V sin / va lues . T h e c o n s t a n t c i n E q u a t i o n (6a) 

c o u l d be d e t e r m i n e d a s sugges ted a t t he e n d of Sec t ion 1.2. A poss ib i l i ty o f check ing 

these BC9s will be i n d i c a t e d in Sec t ion 1.8. 

1.5. DETERMINATION OF r e f f FROM THEORETICAL BOLOMETRIC CORRECTIONS 

T h e theore t i ca l BC's a c c o r d i n g t o E q u a t i o n (6a) a r e a func t ion t h e l ine s t r eng ths , 
F s i n / , logg a n d r e f f . T h e s e BC's c a n be p l o t t e d aga in s t T e f f t o g e t h e r w i t h (BC, Tc(f) 
r e l a t ions a c c o r d i n g t o E q u a t i o n (4) for s ta r s for w h i c h R/RQ a n d Mv a r e k n o w n . T h e 
in te r sec t ion o f t h e l ines r e p r e s e n t i n g t h e E q u a t i o n s (6a) a n d (4) yie lds a n es t ima te of 
t h e effective t e m p e r a t u r e . N o t e t h a t T e f f c a n be e s t i m a t e d even if t h e s ta r is r e d d e n e d 
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by in ters te l la r ex t inc t ion if E(B — V) a n d R (see E q u a t i o n (5)) a re r a t h e r well k n o w n . 

U n c e r t a i n t i e s in BCQ d o n o t m a t t e r t o o m u c h if the BC0 a d o p t e d in f o r m u l a (4) is 

a l so used in E q u a t i o n (6a) t o ca lcu la te c. 
A n e x a m p l e of th i s m e t h o d is g iven in F igu re 14 in H e i n t z e (1968) f r o m wh ich t h e 

effective t e m p e r a t u r e s of V e g a a n d Sir ius a r e e s t i m a t e d t o be 9650 + 5 5 0 K a n d 10800 

+ 1 5 0 K respect ively. In th i s F i g u r e Ba lmer - a n d meta l - l i ne b l a n k e t e d m o d e l s o f 

S t r o m (1968) were used for w h i c h BCQ = — 0 .11 . M o d e l s w i t h a 10 t imes h igher me ta l 

a b u n d a n c e t h a n the S u n give 1 0 6 0 0 + 1 5 0 K for Sir ius , w h e r e a s H a n b u r y B r o w n et al. 
(1967) f o u n d 1 0 3 5 0 + 1 8 0 K f r o m the i r in t e r fe romet r i c m e a s u r e m e n t s . 

T h i s F i g u r e a lso s h o w s t h a t whi le for r e f f < 10000 K t h e BC p rac t i ca l ly d o e s n o t 

d e p e n d o n gravi ty , it d o e s for T e f f > 1 0 0 0 0 K . So in a p p l y i n g th is m e t h o d t h e grav i ty 

h a s t o be k n o w n for the A a n d la te r t ype s tars . S o m e t i m e s u n e x p e c t e d differences in 

grav i ty c a n occur . F o r e x a m p l e f r o m 

\ogg = l o g 0 o + l o g M / M 0 - 2 \o%RIRQ (9) 

a n d the rad i i f o u n d by H a n b u r y B r o w n et al. (1967) for Sir ius a n d V e g a it fol lows t h a t 

l°g0sirius — log^vega^^-45 a s s u m i n g e q u a l masses for b o t h s ta r s . Y e t b o t h s ta r s were 

classified as m a i n sequence s ta r s for a l o n g t ime (see d i scuss ion r e m a r k o f Miss D i v a n 

in these p roceed ings , p a g e 267). 

1.6. THE DETERMINATION OF Tcff FROM OBSERVED ENERGY DISTRIBUTIONS IN THE VISUAL 

PART OF THE SPECTRUM 

1.6.1. The Paschen Continuum 

T h e obse rved abso lu t e ene rgy d i s t r i b u t i o n of Vega a c c o r d i n g t o H a y e s (1967) a n d t o 

O k e a n d Schi ld (1970) ag ree very well wi th each o t h e r in t h e P a s c h e n c o n t i n u u m (see 

C o d e ' s p a p e r in these p roceed ings , p . 131). W i t h Vega as a s t a n d a r d , t h e ene rgy d i s t r ib 

u t i o n in the visual p a r t o f the s p e c t r u m of all k inds o f s ta r s c a n b e d e t e r m i n e d fairly 

accu ra t e ly wi th pho toe l ec t r i c s c a n n e r m e t h o d s (for a genera l rev iew ar t ic le see O k e , 

1965). In te rs te l la r r e d d e n i n g c h a n g e s t h e s lope of the P a s c h e n c o n t i n u u m a n d cor rec 

t i o n s h a v e t o be m a d e for th i s . C o m p a r i s o n be tween the c o r r e c t e d a n d t h e theore t i ca l 

ene rgy d i s t r i bu t ions yields Tcff. 

T h e s lope of the P a s c h e n c o n t i n u u m ca lcu la t ed f rom m o d e l a t m o s p h e r e s d e p e n d s 

o n t h e l ine s t r eng ths ( w h a t e v e r t h e c a u s e of differences in t h e l ine s t r eng th s m a y b e : 

a b u n d a n c e o r N L T E effects, m i c r o t u r b u l e n c e influences), F s i n / , l o g # a n d T e f f . T h e 

b l o c k i n g of the c o n t i n u o u s ene rgy flow of a s ta r by lines causes b a c k w a r m i n g , w h i c h 

c h a n g e s t h e t e m p e r a t u r e d i s t r i b u t i o n in s o m e p a r t s of t h e s te l lar a t m o s p h e r e a n d 

the re fo re the energy d i s t r i bu t i on . 

B e r n a c c a ( these p r o c e e d i n g s , p a g e 222) r e p o r t e d U V flux v a r i a t i o n s o f a Scl. I t w o u l d 

b e o f g rea t in teres t t o inves t iga te w h e t h e r l ines t rengths v a r i a t i o n s c a n b e f o u n d in a 

Scl a n d w h e t h e r they a r e c o r r e l a t e d w i t h t h e v a r i a t i o n s in t h e c o n t i n u u m flux. 

T h e ear ly gr ids o f m o d e l s d i d n o t inc lude a n y b l a n k e t i n g effect. N o w a d a y s gr ids 

exist of m o d e l s wi th Ba lmer - l ine b l a n k e t i n g ; w i th H - a n d He- l ine b l a n k e t i n g ; wi th 
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H - , H e - a n d meta l - l ine b l a n k e t i n g a n d as r e p o r t e d by Schi ld ( c o m m u n i c a t i o n d u r i n g 

t h e s y m p o s i u m ) a n extens ive gr id of m o d e l s i nc lud ing all k n o w n a b s o r b i n g m e c h a n i s m s 

a n d all poss ib le k i n d s of b l a n k e t i n g is in p r e p a r a t i o n a t t h e H a r v a r d - S m i t h s o n i a n 

A s t r o p h y s i c a l O b s e r v a t o r y a t C a m b r i d g e , M a s s . A s s o o n a s th i s g r id of m o d e l s will 

be ava i lab le a n a t t e m p t c a n be m a d e t o revise t he t e m p e r a t u r e scale a n d t h e b o l o m e t r i c 

co r rec t ions . 

I n genera l t he c o m p u t e d s lope of t h e P a s c h e n c o n t i n u u m b e c o m e s t h e s teeper t he 

m o r e l ine b l a n k e t i n g is p u t i n t o t h e m o d e l s . T h i s causes a l o w e r i n g of t h e effective 

t e m p e r a t u r e of a s t a r o f w h i c h t h e obse rved energy d i s t r i b u t i o n is m a t c h e d w i th 

theore t i ca l energy d i s t r i b u t i o n s . A t t h e s a m e t i m e t he a g r e e m e n t b e t w e e n obse rved 

a n d ca lcu la ted U V fluxes is be ing i m p r o v e d . F i g u r e 8 in U n d e r h i l l (1972) is a n e x a m p l e : 

t h e energy d i s t r i b u t i o n of a fully l i ne -b l anke ted m o d e l w i th Tcff = 10000 K a n d logg = 4 

f r o m M a r a n et al (1968) gives m u c h be t te r a g r e e m e n t wi th t he m e a s u r e d U V fluxes of 

Si r ius be tween 2000 a n d 3000 A t h a n a H- l ine b l a n k e t e d m o d e l of T e f f = 9 7 5 0 K a n d 

l o g # = 4 f rom K l i n g l e s m i t h ' (1971) gr id . 

1.6.2. The Balmer Jump 

F o r t he h o t s ta rs t h e B a l m e r j u m p , BJ , is a r a t h e r g o o d t e m p e r a t u r e i nd ica to r . H o w 

ever , a p a r t f rom the still exis t ing differences in the obse rved BJ of V e g a (see C o d e ' s 

p a p e r , these p r o c e e d i n g s p a g e 131) t he re a r e s o m e difficulties in t h e d e t e r m i n a t i o n 

o f t h e BJ f rom t h e o b s e r v a t i o n s a n d f rom the m o d e l s , w h i c h s h o u l d be ca r r i ed o u t in 

t h e s a m e way . T h e B a l m e r a n d P a s c h e n c o n t i n u a h a v e t o be e x t r a - p o l a t e d t o X 3700. 

A r a t h e r g o o d p r o c e d u r e is t o p l o t m o n o c h r o m a t i c m a g n i t u d e s (fluxes in un i t s of erg 

c m - 2 s " 1 H z - 1 ; «^"v) a s a func t ion of 1/A a n d t o e x t r a p o l a t e l inear ly f r o m 1/2 = 2.2 — 

— 2.4 a n d l / 2 > 2 . 7 / * _ 1 t o 1/2 = 2 . 7 / x " 1 a n d t o t a k e t he m a g n i t u d e difference a t 

1/2 = 2.7 / i " 1 (see a l so t h e a n s w e r t o S c h m i d t - K a l e r ' s c o m m e n t o n p a g e 269 of these 

p roceed ings a n d the d i scuss ion r e m a r k of M i s s D i v a n o n p a g e 267). B J ' s d e t e r m i n e d 

in th i s way a r e i n d e p e n d e n t o f in ters te l la r r e d d e n i n g , because t h e ex t inc t i on (in m a g . , 

a n d flux-decrease in e rg c m " 2 s " 1 H z " 1 ) is a l inear func t ion of t h e f requency for 

2 . 2 < 1 M ( A T 1 ) < 3 . 

1.7. T H E SIMULTANEOUS DETERMINATION OF J E F F AND l o g # 

I n t h e ( r e f f , \ogg) p l a n e t he l ine r ep re sen t ing t h e poss ib le c o m b i n a t i o n s of T e f f a n d 

\ogg for wh ich t h e m o d e l - P a s c h e n c o n t i n u u m m a t c h e s t h e o b s e r v e d o n e c a n be d r a w n 

as a func t ion of a b u n d a n c e , l ine s t r eng ths e tc . T h e o b s e r v e d H - a n d He- l ines for 

e x a m p l e c a n p r o v i d e o t h e r ( r e f f , \ogg) r e l a t ions in t h e (T e f f , \ogg) p l a n e so t h a t ( an ) 

in t e r sec t ion po in t ( s ) m a y b e f o u n d (see Sec t ion 1 of P e c k e r ' s p a p e r , in these p roceed 

ings p a g e 173). R e g a r d i n g t h e H- l i ne s : t he p o s i t i o n of t h e l ine r e p r e s e n t i n g the p o s 

sible c o m b i n a t i o n s of T e f f a n d \ogg t h a t c an exp la in t h e o b s e r v e d h y d r o g e n l ine profiles 

(see F igu res 1 a n d 2 of H e i n t z e , 1968) d e p e n d s o n w h e t h e r t he E d m o n d s et al (1967) 

b r o a d e n i n g func t ion o r t h e G r i e m (1967) b r o a d e n i n g t h e o r y is used . U p till n o w n o 

conc lus ive o b s e r v a t i o n a l ev idence h a s b e e n o b t a i n e d for dec id ing wh ich b r o a d e n i n g 

func t ion h a s to be prefe r red . M o r e o v e r , t he profiles of t h e pub l i shed (obse rved) H 
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profi les of a s ta r d e p e n d o n t h e c h o s e n he igh t of t h e c o n t i n u u m a b o v e t h e H l ine a n d 

va ry great ly f rom o n e obse rve r t o t h e o the r . A s s o o n as these p r o b l e m s a r e solved o n e 

poss ib le cause of d i sc repanc ie s i n d e t e r m i n i n g T e f f w i t h ( r e f f , l o g # ) r e la t ions c a n be 

r e m o v e d . 

A nice e x a m p l e of t h e use of t h e (Tcfr, l o g # ) p l a n e is g iven in F i g u r e 2 in Kl ing le 

s m i t h (1972). (Jgff, \ogg) r e l a t i ons as der ived f rom t h e P a s c h e n c o n t i n u u m , t he H -

l ines a n d t h e H e i-lines o f 29 P s c ( r a the r B6 V t h a n B8 I I I ) a r e g iven a s func t ions of 

t h e H e c o n t e n t u s ing t h e m o d e l gr id of K l ing l e smi th (1971) . T h e resul t s a re T e f f = 
= 1 5 1 5 0 + 7 0 0 K , l o g 0 = 4.O8 + O.15 a n d « ( H e ) / « ( H ) = 0 . 0 2 7 a s s u m i n g t h e s ta r t o be 

u n r e d d e n e d . I n Sec t ion 3.2 i t will b e s h o w n t h a t 29 P s c is s l ightly r e d d e n e d . C o r r e c 

t i o n for it resul ts in T e f f = 1 5 4 0 0 K a n d l o g # = 4 . 1 4 . 

1.8. INDIRECT EMPIRICAL DETERMINATION OF THE BC 

K u i p e r ' s (1938) scale of BCs w a s sca led t o r a d i o m e t r i c m a g n i t u d e s of F 2 V a n d la te r 

t y p e s ta rs . P o p p e r (1959) h a s i m p r o v e d th is scale u s i n g the s a m e r a d i o m e t r i c m a g 

n i t u d e s of Pe t t i t a n d N i c h o l s o n (1928) . M o r t o n a n d A d a m s (1968) a d o p t e d P o p p e r ' s 

(1959) scale for the s t a r s c o o l e r t h a n F 2 , in wh ich BCQ = - 0 . 0 7 m a g . A c c o r d i n g t o 

Al le r (1963, p . 293) BCQ= - 0 . 1 1 m a g . I n th is p a p e r BCe= - 0 . 0 9 is a d o p t e d as a 

r e a s o n a b l e c o m p r o m i s e . 

F o r t he h o t t e r s t a r s M o r t o n a n d A d a m s scaled the i r p u b l i s h e d ( theore t ica l ) BCs 

t o P o p p e r ' s (1959) va lue o f t h e BC a t F 0 V. T h e y s t ress , t h a t if o n e uses f o r m u l a (7) 

w i t h ^ x ( 0 ) a s g iven b y A l l e n (1963) a n d BCQ= - 0 . 0 7 m a g . , the i r pub l i shed BCs 

h a v e t o be co r rec t ed b y —0.29. A c c o r d i n g t o H y l a n d (1969) th i s h a s i n d e e d to be d o n e 

(see Sec t ion 1.10). 

I n t he fu ture , BCs ca l cu la t ed f rom m o d e l s c a n poss ib ly be scaled a n d checked wi th 

obse rved BCs a s i n d i c a t e d in Sec t ion 1.3. T h e r e t h e o ld r a d i o m e t r i c m e a s u r e m e n t s 

a r e r ep laced by c o m p l e t e flux enve lopes Fk. A n o t h e r poss ib i l i ty is t h a t as s o o n as 

jT e f f a n d \ogg a r e k n o w n fairly well for a s t a r t he m o d e l s a n d t h e m e t h o d to o b t a i n c 

(see last p a r a g r a p h o f Sec t ion 1.2) c a n be tes ted by e q u a t i n g t h e resul t o f f o r m u l a (6a) 

w i t h t o t h a t o f f o r m u l a (4) . W h e n e v e r t h e r a d i u s of a s t a r is n o t k n o w n , E q u a t i o n (4) 

c a n be c o m b i n e d w i t h E q u a t i o n (9) g iv ing : 

BC = - 2.5 log*/*© - (Mv + 10 log T e f f - 2.5 \o%g) + 
+ ( M t ? 0 + B C 0 + l O l o g T e f f 0 - 2 . 5 1 o g ^ 0 ) . 1 ; 

F r o m th is f o r m u l a i t is c lear t h a t c o m p o n e n t s of b ina r i e s o f w h i c h t h e d i s t ance a n d 
t h e ind iv idua l m a s s e s a r e k n o w n a n d for w h i c h r e f f a n d \ogg c a n b e d e t e r m i n e d f rom 
scans a n d spec t ra c o u l d b e su i t ab le objects for th i s p u r p o s e . I n th i s w a y a r a t h e r reli
ab le empi r i ca l m a s s - l u m i n o s i t y r e l a t i on (see c h a p t e r 4) m i g h t b e c o n s t r u c t e d . 

F o r m u l a (10) c a n b e u sed i n a n a t t e m p t t o find in a n empi r i ca l w a y t h e influence of 
t h e l ine s t r eng th o n t h e BC. F o r , it c an be used for s t a r s w i t h s t r o n g as well as w e a k 
meta l l ic l ines of w h i c h t h e R — I co lo r s a r e t h e s a m e a n d t h e H- l ine profi les a r e ident ica l . 
Poss ib ly in th is w a y t h e BC c a n be f o u n d empi r ica l ly as a func t ion of T e f f , l o g # , 
5(U-B) a n d Vsini. 
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S t r o m (1968) t r ied t o ca lcu la te BC's for m o d e l s w i th different l ine s t r eng ths d u e t o 

changes in t h e m e t a l a b u n d a n c e . I n F i g u r e 1 s o m e p r e l i m i n a r y resu l t s a re s h o w n . N o t e 

t h a t the a b s o l u t e va lue of t he BC decreases wi th inc reas ing l ine s t r eng ths . 

1.9. THE HYADES' PROBLEM 

A decrease of t he a b s o l u t e va lue of t he BC c o u l d h e l p t o solve t h e H y a d e s ' p r o b l e m . 

T h e H y a d e s a r e k n o w n t o be m e t a l r ich (see P a r k e r et al. (1961) a n d Wal l e r s t e in et al. 
(1965) for example ) . I t is qu i t e well poss ib le t h a t w h e n t h e inf luence of t he meta l - l ine 

s t r eng ths , V sin i a n d grav i ty o n t h e BC will be k n o w n be t te r , t h a t t h e resu l t ing a b s o l u t e 

b o l o m e t r i c m a g n i t u d e of t h e H y a d e s will dec rease in such a w a y t h a t t hey will c o n f o r m 

t o t he m a s s - l u m i n o s i t y r e l a t i o n of t he field s t a r s w i t h o u t c h a n g i n g the i r masses a n d 

t h u s the i r d i s t ance ( H o d g e a n d Wal l e r s t e in (1966) a n d Wal l e r s t e in a n d H o d g e (1967)). 

T h i s idea is s u p p o r t e d by E g g e n ' s (1969) m e a s u r e m e n t s o f M 7 a n d R — / f o r 24 M 

t y p e m a i n s equence m e m b e r s o f t h e H y a d e s c lus ter a n d for 2 5 field s t a r s of la rge p a r a l 

lax a n d in t h e s a m e c o l o u r r a n g e as t h e c lus ter s ta r s . T h e ( M 7 , R — I) r e l a t ion of b o t h 

g r o u p s o f s t a r s a r e t h e s a m e t o w i t h i n less t h a n 0.1 m a g . if t h e d i s t ances of t h e H y a d e s 

s ta rs as o b t a i n e d b y W a y m a n etal. (1965) w i th t h e c o n v e r g e n t - p o i n t m e t h o d a r e used . 

Theore t i ca l ly it is conce ivab l e t h a t t h e abso lu t e I m a g n i t u d e is m u c h less, if any , af

fected by b l a n k e t i n g . W i t h respec t t o t h e field s ta r s t h e a b s o l u t e v i sua l m a g n i t u d e of 

t h e H y a d e s is t o o b r igh t . I f t h e a b s o l u t e va lues of t he BC's o f t he H y a d e s indeed have 
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t o be smal le r (see e n d of Sec t ion 1.8) t h e difference in Mbol b e t w e e n field s tars a n d 

H y a d e s b e c o m e s smal le r t h a n t h e difference in Mv. 
I t is in te res t ing t o n o t e t h a t a c c o r d i n g t o F i g u r e 2 of Sch i ld ' s p a p e r ( these p roceed 

ings , p a g e 31) t he U2— V c o l o u r s of t h e H y a d e s b e h a v e m u c h m o r e s imi lar t o t h o s e of 

t h e field s ta rs t h a n t he U2 — V c o l o u r s of the P le iades d o . T h e pecu l i a r b e h a v i o u r of 

t h e P le iades c a n p r o b a b l y be exp la ined by the p re sence of c i r cums te l l a r shells 

( J o n e s , 1972b; H o b b s , 1972). 

I t m a y be r e m e m b e r e d t h a t a t a n y case t h e m i l d s u b d w a r f s h a v e m o v e d t o the 

H y a d e s - m a n s equence in t h e (Mv, B— V p l a n e as well a s in t h e (Af b o I , l o g T e f f ) p l a n e 

b y co r rec t ing t he m a g n i t u d e s a n d t h e c o l o u r s of t he s u b d w a r f s for t h e w e a k n e s s of 

t h e m e t a l l ines in the i r s p e c t r a ( S a n d a g e a n d Eggen , 1959; W i l d e y et al, 1962). 

1.10. DETERMINATION OF STELLAR RADII 

F o r m u l a (4) c a n be w r i t t e n a s : 

H y l a n d (1969) ha s s h o w n t h a t a t least for the h o t s ta rs t h e BCs p u b l i s h e d by M o r t o n 

a n d A d a m s (1968) give e r r o n e o u s resul t s . A p p l i c a t i o n of a co r r ec t i on of —0.29 m a g . 

(see Sec t ion 1.8) gives m u c h be t t e r resul ts . 

U n d e r h i l l (1966) h a s s t ressed, t h a t a l t h o u g h the i n t r o d u c t i o n of b l a n k e t i n g in t he 

m o d e l s causes r a t h e r l a rge c h a n g e s in t h e BC t he q u a n t i t y (BC+ 10 log jT e f f ) d o e s n o t 

c h a n g e m u c h . ( T h e Tcff o f a b l a n k e t e d m o d e l is less t h a n t he Tef( of a n u n b l a n k e t e d 

m o d e l of wh ich t he P a s c h e n c o n t i n u a m a t c h a n o b s e r v e d ene rgy d i s t r i b u t i o n , see last 

p a r a g r a p h of sect ion 1.6.1.) T h e r e f o r e a c c o r d i n g t o E q u a t i o n (11) R/RQ does n o t 

d e p e n d m u c h o n the gr id of m o d e l s used. M o r e o v e r t h e exac t ze ro p o i n t of t he BC 
scale does n o t have t o be k n o w n if BCQ is t a k e n f r o m a su i t ab le m o d e l of t he gr id . 

Unde rh i l l d id n o t inves t iga te t h e d e p e n d e n c e of (BC+\0 logr e f f ) o n log g. If t he re 

is any , t he grav i ty of t h e s t a r t o b e s tud ied s h o u l d be d e t e r m i n e d first. 

1.11. MASS DETERMINATION 

T h e grav i ty a n d the r a d i u s p r o v i d e t h e m a s s of a s tar . F o r m u l a (10) c a n be rewr i t t en 

a s 

T h e s a m e r e m a r k s c a n be m a d e a s in Sec t ion 1.10. 
F o r t he b lue h o r i z o n t a l b r a n c h s ta r s in M 6 7 S a r g e n t (1968) f o u n d in th is w a y 

Jt = (0.7 + 0 .2) Jt®. S a r g e n t d id n o t m e n t i o n w h e t h e r t h e BCs we re de r ived f r o m t h e 
m o d e l s used o r were t a k e n f r o m a list. 

Poss ib ly E q u a t i o n (12) c a n be used t o d e t e r m i n e masse s of C e p h e i d s . T h e r e is still a 
d i s c r epancy be tween t h e m a s s e s o f C e p h e i d s a s de r ived f r o m stel lar p u l s a t i o n t h e o r y 
a n d those der ived f r o m stel lar e v o l u t i o n c o m p u t a t i o n s , wh ich a r e 1.5-2 t imes la rger 

\O%R\RQ = - 0.2 (Mv + BC + 10 log T e f f ) + 
+ 0 . 2 ( M y o + £ C o + 1 0 1 o g r e f f o ) . (11) 

l o g * / * 0 = - 0A(Mv + BC + 1 0 1 o g T e f f - 2.5 \ogg) + 
+ 0 . 4 ( M „ o + BCQ + 1 0 1 o g T e f f o - 2.5 l o g < / 0 ) . 

(12) 
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( F r i c k e et al., 1971). Mv c a n be f o u n d f r o m the empi r i ca l p e r i o d - c o l o u r - l u m i n o s i t y 
( S a n d a g e a n d T a m m a n , 1969); Teff a n d logg c an be d e t e r m i n e d in t h e s a m e w a y as 
d o n e by O k e (1961) ; t h e m o d e l s used p r o v i d e t h e BC. A s s o o n as o b s e r v e d rad i i o f 
C e p h e i d s b e c o m e ava i l ab le f r o m in te r fe romet r i c m e a s u r e m e n t s for e x a m p l e , th i s 
m e t h o d c a n b e tes ted . F o r t h e n t h e obse rved rad i i c a n b e c o m p a r e d w i th ca lcu la ted 
o n e s a c c o r d i n g t o E q u a t i o n (11). A t t he s a m e t ime , h o w e v e r , t h e s e a r c h for a n d t h e 
a s t r o m e t r i c s tudy of C e p h e i d s in b i n a r y sys tems s h o u l d n o t be neglec ted . 

2 . Intrinsic Colours 

2 . 1 . INTRODUCTION 

Q u i t e a n u m b e r of a s t r o n o m e r s still use t h e J o h n s o n a n d M o r g a n (1953) in t r ins ic-

c o l o u r re la t ion . H o w e v e r , in 1963 a t least t h r ee a u t h o r s ( C r a w f o r d , Se rkowsk i a n d 

W e s t e r l u n d ) sugges ted t h a t t h e 1953 in t r ins ic -co lour r e l a t i o n is n o t b lue e n o u g h for 

t h e la te B- type s ta rs . M o r e o v e r , a Vir , t he ho t t e s t a p p a r e n t l y u n r e d d e n e d s tar J o h n s o n 

a n d M o r g a n c o u l d use in 1953 h a d a t t h a t t i m e a pub l i shed (B— V)= —0.26, w h e r e a s 

it n o w is —0.23 (be ing t h e m e a n of t h e va lues given i n t h e c a t a l o g u e o f B lanco et al. 

(1972) , hereaf ter cal led B D D F ca t a logue ) . F o r th is r e a s o n I dec ided t o re inves t iga te 

t h e [(£/— 2?) 0 , (B— V)o] r e l a t ion of t he h o t m a i n sequence s t a r s , u n a w a r e of the fact 

t h a t S c h m i d t - K a l e r (1965) h a d a l r eady revised it (see his c o m m e n t o n p a g e 269 of these 

p roceed ings ) . 

I n th is p a p e r n o t on ly s t a r s l is ted by J o h n s o n a n d M o r g a n , b u t a l so s ta rs l isted by 

S e r k o w s k i (1963) a n d W e s t e r l u n d (1963) a r e used . F o r t he c o l o u r s m e a n values de te r 

m i n e d f rom the B D D F c a t a l o g u e a r e t a k e n . M o r e o v e r all t h e 0 5 - B 1 s tars of t he 

B D D F c a t a l o g u e a n d the s t a r s o f th ree y o u n g c lus ters (see Sec t ion 2.3) a re used. 

2.2. REDDENING LINES 

2 .2 .1 . Basic Formulae 

T h e inters te l lar r e d d e n i n g for s ta rs of the s a m e spec t ra l t ype c a n be r ep resen ted (see 
F i t zge ra ld (1970) for e x a m p l e ) b y 

ElU - B) 
- ) { = a , + a2-E(B- V). (13a) 

A s s u m i n g (B- V)0 t o b e t h e in t r ins ic (B- V) c o l o u r of s t a r s of a ce r t a in spec t ra l 
t ype , (U—B)0 c a n b e f o u n d by first a d o p t i n g a n (U— B)'0 a n d t h e n solv ing the e q u a 
t i o n 

(U — B) — (U — B)'0 = a0 + ax [(B - V) - (B - K ) 0 ] + 

+ a2[(B-V)-(B-V)0-]2 (13b) 

for the c o n s t a n t s a0, at a n d a2 by t he m e t h o d of l eas t - squares . T h e n 

(U-B)0 = (U-B)'0 + a 0 . (14) 

In this way a set o f poss ib le c o m b i n a t i o n s of (B— V)0 a n d (U — B)0 can be f o u n d 
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for e a c h spec t ra l type . T h i s w a s c a r r i e d o u t for t he 0 5 - B 1 m a i n s equence s t a r s of t h e 
B D D F ca t a logue . T a b l e I s h o w s s o m e resul ts . I t t u r n s o u t t h a t a2 d o e s n o t c h a n g e if 
(B—V)0 changes f r o m —0.24 t o —0.34. H o w e v e r , ax d o e s d e p e n d o n (B— V)0. 
S o m e t i m e s a2 is p u t e q u a l t o zSro . T h i s is necessary if on ly a few s t a r s a r e ava i lab le 
(see F i g u r e 2) . F r o m E q u a t i o n (13a) i t fol lows t h a t poss ib le c o m b i n a t i o n s of (B— V)0 

a n d (U—B)0 c a n be f o u n d in th i s case f r o m 

U — B = Q + ax(B — V), (15a) 

w h e r e Q = (U— B)0 — at(B— V)0. T h i s q u a n t i t y can be d e t e r m i n e d di rec t ly f r o m the 
o b s e r v a t i o n s w i t h o u t k n o w i n g (B— V)0 a n d (U—B)0. 

O n c e (B— V)0 a n d (U—B)0 a r e k n o w n t h e q u a d r a t i c f o r m (13b) c a n b e wr i t t en a s 

U — B = Q + At(B — V) + a2(B — V)2, (15b) 

w h e r e 
Q = (U - B ) 0 - at (B - V)0 + a2(B - V)2 

a n d (16) 
Al = a 1 - 2 a 2 ( B - V ) 0 . 

ax o r Al is t h e s lope of t h e r e d d e n i n g l ine. T h e final cho ice will be r e p r e s e n t e d by S 
(see F i g u r e 8). a2 is t h e c u r v a t u r e of t h e r e d d e n i n g l ine a n d t h e t e r m a2(B— V)2 c an 
b e o m i t t e d if \(B- V)\ > 0 . 2 5 . 

I n Sect ion 2.7 t he final va lues of (B— V)0 a n d (U-B)0 will b e d e t e r m i n e d . 

-1.1 

U - B 

-0.9 

-0.7 

-0.5 

-0.3 

-0.1 

• 05 

+ NGC 2244 (Johnson, 1962) 
X NGC 6611 (Hiltner and Morgan, 1969) 

U-B = 0.746 (B-V)- 0 928 
possible combinations o f (B-V)q and 

(U-B) 0 

-0.4 • 0.4 . 0 6 • 0.8 
B - V 

Fig . 2. T w o co lour d i a g r a m of the 0 5 s ta rs of the B D D G F ca ta logue . Encirc led s tars a re omi t t ed 
for the de t e rmina t i on of the redden ing l ine. 
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2 .2 .2 . Application to the 05-B1 V Stars 

2 .2 .2 .1 . The 05 stars. I n F i g u r e 2 t he [(U-B), (B- V)~] d i a g r a m of t h e 0 5 s tars of 
t h e B D D F c a t a l o g u e is g iven. T h e 4 enci rc led fairly r e d d e n e d s ta r s in t h e lower p a r t 
o f F i g u r e 2 a re n o t i n c l u d e d for t h e d e t e r m i n a t i o n of Q a n d at i n E q u a t i o n (15a) . 

2 .2.2.2. The 06, 07 and 08 V stars. T h e t w o - c o l o u r d i a g r a m of these s ta rs of t h e 
B D D F c a t a l o g u e is g iven in F i g u r e 3 . T h e l inear expres s ion (15a) a n d t h e q u a d r a t i c 

t t i i r t r — r i " ~ r 

1.2-

U-B j -

-i oi-

-06. 

h 

-0 4̂ -

NGC 2^44 ( Johr-sor, MY/ 
NGC 661! (H.ltner Qr,d Morgan, - ;y69 ) 
•,;-B. n / 4 ? ; b-v: - 9\" 

o\ X 

l - .-L. i l. i i : i i . : ..i ..i... i i . . . i. . i . . .i i i . . . . . . l . . j d 
-04 -02 0 .02 -04 -06 .08 .10 .12 .14 

B-V 

Fig . 3. T w o c o l o u r d i a g r a m of t he 0 6 , 0 7 and 0 8 V s tars of the B D D F ca ta logue . 

express ion (13b) of t h e r e d d e n i n g l ine give qu i t e different sets of poss ib le c o m b i n a 
t i ons of (B— V)0 a n d (U—B)0. T h i s is n o t t he case for t he 0 8 V s ta r s a l o n e as c an b e 
seen f rom T a b l e I. 

2 .2 .2 .3 . The 09/09.5 IVj V stars. A n in te res t ing resu l t o b t a i n e d for these s ta rs is t h a t 
t h e poss ib le c o m b i n a t i o n s of (B— V)0 a n d (U—B)0 a r e n e a r l y iden t ica l w h e t h e r o r n o t 
t h e C y g n u s s t a r s a r e left o u t , i n c l u d e d o r pa r t l y i n c l u d e d (see T a b l e I ) . S o m e a n values 
c o u l d be u s e d t o r e p r e s e n t t h e l ine o f poss ib le c o m b i n a t i o n s of (B— V)0 a n d (U—B)0 

of t h e 0 9 / 9 . 5 I V / V s ta r s in t h e t w o - c o l o u r d i a g r a m (heavy s h o r t l ine in t he left t o p 
p a r t of F i g u r e 4) . 

N o t e t h a t v O r i , classified as BO V, a p p a r e n t l y is a n 0 9 V o r a n 0 9 . 5 V s t a r acco rd 
ing t o t h e F i g u r e s 4 a n d 5. 

2.2.2.4. The BO/0.5 IVj V stars. Because of the i r l a rge d e v i a t i o n s f rom the m e a n the 
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T i i i i i i i i i i i i 1 1 1 1 1 r 

I L 1 1 1 L_ J J I 1 i L I .1 I ..J _ I„ 
-0.4 -02 0 .0 2 .0.4 .06 .08 .10 .12 .14 

B-V 

F ig . 4 . T w o co lour d i a g r a m of the 0 9 / 9 . 5 IV/V stars of the B D D F ca ta logue . Cygnus s tars a re 
indicated by C . 

enc i rc led s ta rs of F i g u r e 5 a r e n o t used for t he d e t e r m i n a t i o n of t h e l inear o r q u a d r a t i c 

r e l a t i on be tween {U—B) a n d (B—V), wh ich give nea r ly t h e s a m e set o f poss ib le 

c o m b i n a t i o n s of (B— V)0 a n d (U—B)0 (see T a b l e I ) . 

JLI C o l is r a t h e r a n 0 9 . 5 V s ta r t h a n a BO V s tar . If t h e classif icat ion of y C a s a n d o 
P u p is co r rec t t hen these s ta rs a r e e i the r pecu l ia r o r d o u b l e s . 

2 . 2 . 2 . 5 . The Bl IVIV stars. T h e t w o - c o l o u r d i a g r a m of these s t a r s is s h o w n in F igu re 

6. Enc i rc led s ta rs a r e o m i t t e d for t h e d e t e r m i n a t i o n of t he [(U—B), (B— VJ] r e la t ions . 

2 . 3 . INTRINSIC COLOURS FROM CLUSTERS 

2 . 3 . 1 . A Preliminary (B- V)0-Spectral Type Relation 

T h r e e y o u n g c lus ters [ N G C 2 2 4 4 ( 0 5 - B 1 V ) ( J o h n s o n , 1 9 6 2 ) ; N G C 6 6 1 1 ( 0 5 - B 2 V ) 
( H i l t n e r a n d M o r g a n , 1 9 6 9 ) a n d N G C 2 2 3 2 ( B 2 V - A O ) ( C l a r i a , 1 9 7 2 ) ] we re c h o s e n 
i n o r d e r t o d e t e r m i n e a p r e l i m i n a r y [ (£/— B)0, (B— K ) 0 ] r e l a t ion . F i g u r e 2 of J o h n s o n ' s 
p a p e r s h o w s t h a t N G C 2 2 4 4 m u s t b e very y o u n g , so d o e s F i g u r e 1 o f H i l t n e r a n d 
M o r g a n ' s p a p e r for N G C 6 6 1 1 . T h e (B- V)0 spec t ra l t y p e r e l a t i o n of t h e first t w o 
c lus ters w a s h a n d - d r a w n , t h a t for N G C 2 2 3 2 is r ep re sen t ed by a s t r a i g h t l ine o b t a i n e d 
b y m e a n s of l eas t - squares . T h e t h r ee g r o u p s were shifted t o g e t h e r by eye t o o n e g r a p h , 
g o i n g t h r o u g h k L e p ( B O . 5 V ) w h i c h is a s s u m e d to be u n r e d d e n e d (see F i g u r e 5 ) . T h e 
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i i i i i 1 1 1 1 1 1 r 

•0.1 I 1 1 I I l | i i | I i i i i i i I 
-0.4 -0.2 0 .0.2 .0.4 .0.6 .0.8 . 10 

B - V 

Fig . 5. T w o co lour d i a g r a m of the BO/0.5 IV/V s tars of the B D D F ca ta logue . Encircled s tars a re 
omi t t ed for t h e de te rmina t ion of the r edden ing l ine . 

resul t is s h o w n in F i g u r e 7a. T h e t h i n crosses in this figure h a v e n o t been used as these 
s t a r s p r o b a b l y a r e n o t m e m b e r s of N G C 6611 . E(B— V) a s d e t e r m i n e d f rom F igu re 
7a is 0.45 m a g . for N G C 2244 (0.46 m a g . a c c o r d i n g to J o h n s o n ) , 0 .74 m a g . for N G C 
6611 (0.80 m a g . acc . t o H i l t ne r a n d M o r g a n ) a n d 0.05 m a g . for N G C 2232 (0.01 m a g . 
acc . t o Cla r i a ) . 

2 .3 .2 . A Preliminary (U—B)0-Spectral Type Relation 

P r e l i m i n a r y va lues of E(U—B) w e r e o b t a i n e d w i t h E q u a t i o n (13a) b y t a k i n g al va lues 
f r o m T a b l e I for w h i c h d e t e r m i n a t i o n t h e j u s t de r ived (B— V)0 va lues were used . F o r 
N G C 2232 a2 is t a k e n e q u a l t o z e r o a n d ax = 0 . 6 4 5 (see Sec t ion 2.4) . T h e resul ts a r e 
s h o w n in F i g u r e 7 b . 

I n F igu re 7 t h e p o s i t i o n o f t h e h o t s u b d w a r f H D 49798 ( J a schek a n d J a schek , 1963) 
is ind ica ted . F i g u r e 7 sugges ts t h a t H D 49798 c o u l d qu i t e well b e r e g a r d e d as a n o r m a l 
0 6 s tar . 

2 .3 .3 . A Preliminary Intrinsic-Colour Relation 

F r o m F igures 7a a n d 7 b a n \_(U— B)0, (B— K ) 0 ] r e l a t ion c a n be d e t e r m i n e d a n d 
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T A B L E I 

Some da t a of the main-sequence s ta r s used t o de te rmine redden ing funct ions in the two-co lou r d i a g r a m a n d s o m e results (see Section 2.2.1) 

09/9.5 IV/V 

B l IV/V B0/0.5 IV/V 
All 
s ta rs 

W i t h o u t 
mos t red 
(Cygnus) 
s tars 

W i t h o u t 
C y g n u s 
s tars 

0 8 V 0 8 V / 0 7 / 0 6 0 5 / 0 5 e / 0 5 f 

N u m b e r of s tars 
available 118 86 164 83 67 66 59 11 6 65 53 23 

range of B— V j 
- 0 . 2 5 5 

+ 0 . 8 8 
- 0 . 2 5 s 
+ 0 . 4 8 

- 0 . 2 6 
+ 1.08 

- 0 . 2 6 
+ 0 . 3 6 

- 0 . 2 7 s 
+ 1.40 5 

- 0 . 2 7 s 
+ 1.08 

- 0 . 2 7 s 
+ 1.08 

- 0 . 2 1 
+ 1.22s 

- 0 . 2 1 
+ 0 . 5 3 

- 0 . 2 1 
+ 1.22s 

- 0 . 2 1 
+ 0 . 8 0 

- 0 . 2 4 
+ 0 . 8 0 

0.036 0 0.087 0 0.078 0.046 

(U-B)0 

0.048 0.101 0 0.167 0 0 

(B-V)o= - 0 . 3 4 
- 0 . 3 2 
- 0 . 3 0 
- 0 . 2 8 
- 0 . 2 6 
- 0 . 2 4 

- 0 . 9 6 
- 0 . 9 5 s 
- 0 . 9 5 
- 0 . 9 4 s 

- 0 . 9 7 
- 0 . 9 5 s 
- 0 . 9 4 s 
- 0 . 9 3 

- 1 . 0 5 
- 1 . 0 4 
- 1 . 0 3 s 
- 1 . 0 1 
- 1 . 0 0 

- 1 . 0 5 s 
- 1 . 0 4 
- 1 . 0 3 
- 1 . 0 1 s 
- 1 . 0 0 

- 1 . 1 0 s 
- 1 . 0 9 
- 1 . 0 8 
- 1 . 0 6 s 

- l . l l s 
- 1 . 1 0 
- 1 . 0 8 s 
- 1 . 0 7 

- 1 . 1 1 
- 1 . 1 0 
- 1 . 0 8 s 
- 1 . 0 7 

- 1 . 1 8 s 
- 1 . 1 6 s 
- 1 . 1 6 
- 1 . 1 4 s 

- 1 . 2 0 
- 1 . 1 8 
- 1 . 1 6 s 
- 1 . 1 5 

- 1 . 1 2 
- 1 . 1 1 
- 1 . 1 0 
- 1 . 0 9 

- 1 . 1 6 s 
- 1 . 1 5 
- 1 . 1 3 s 
- 1 . 1 0 s 

- 1 . 1 8 
- 1 . 1 6 s 
- 1 . 1 5 
- 1 . 1 3 s 

(B~V)o= - 0 . 3 4 
- 0 . 3 2 
- 0 . 3 0 
- 0 . 2 8 
- 0 . 2 6 
- 0 . 2 4 

0.688 
0.689 
0.690 
0.692 

0.674 

0.623 
0.627 
0.630 
0.633 
0.637 

0.643 

0.672 
0.675 
0.678 
0.681 

0.721 
0.713 
0.715 
0.717 

Ai 

0.704 
0.706 
0.708 
0 .710 

0.714 
0.718 
0.722 
0.726 

0.808 

0.561 
0.568 
0.575 
0.582 

0.742 0.746 

0.710 0.680 0.721 0.740 

Q 

0.740 0.782 0.675 

- 0 . 7 6 3 - 0 . 7 6 8 - 0 . 8 5 0 - 0 . 8 4 9 - 0 . 8 9 0 - 0 . 8 8 0 - 0 . 8 8 5 - 0 . 9 3 4 -0 .924 - 0 . 9 1 3 - 0 . 9 1 2 - 0 . 9 2 8 

adop ted Q-values —i 0.765 - 0.850 - 0.885 0.930 

adop ted values 
of (B-V)o 

(U-B)o 
- 0 . 2 6 
- 0 . 9 4 5 

- 0 . 2 7 s 
- 1 . 0 3 

- 0 . 2 9 s 
- 1 . 0 9 s 

0.34 
- 1 . 1 8 s 

- 0 . 2 8 
- 1 . 1 4 s 

^ results d o no t change whether the 
( first o r the second set is used 
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-0.4 -0.2 0 .0.2 .0.4 .0.6 .0.8 .1.0 
B - V 

Fig . 6. T w o co lour d i a g r a m of the B l IV /V stars of the B D D F ca ta logue . Encirc led s tars a re omi t ted 
for the de t e rmina t ion of the r edden ing l ine. 

d r a w n in a t w o - c o l o u r d i a g r a m in w h i c h a lso t h e l ines of poss ib le c o m b i n a t i o n s of 

(B- V)0 a n d (U-B)0 for e ach spec t ra l t ype be tween 0 5 - B 1 s t a r s (see Sec t ion 2.2) 

c a n be d r a w n (see t h e four s h o r t heavy l ines in t he t o p p a r t o f F i g u r e 10). So p re l im

i n a r y va lues of (B— V)0 a n d (U—B)0 cou ld be o b t a i n e d for t h e s ta r s of the F igu re s 

2, 3 , 4, 5 a n d 6 a n d by s u b s t i t u t i n g i n t o E q u a t i o n (16) a l so Q a n d Ax va lues of f o r m u l a 

(15b) 

2.4. THE SLOPE OF THE REDDENING LINE 

Values of t he s lope o f t h e r e d d e n i n g l ine, 5 , as de r ived by J o h n s o n (1958) , Se rkowsk i 

(1963) , a n d F i t z g e r a l d (1970) for h o t m a i n s equence s t a r s a r e p l o t t e d i n F i g u r e 8. I n 

t h e s a m e figure va lues of Ax a n d al(a2 = 0 ) a s o b t a i n e d for t h e s ta r s of t h e F i g u r e s 2 - 6 

(see Sec t ion 2.2.1) a r e p l o t t e d . F o r t he 0 8 V, BO/0.5 I V / V a n d t h e B l I V / V s tars t h e 

Ax a n d ax va lues a r e c o n n e c t e d w i t h each o t h e r by ver t ica l l ines . T h e ver t ical l ine a t 

0 9 / 9 . 5 r ep resen t s t h e s p r e a d in t h e Al va lues of t h e different g r o u p s o f 0 9 / 9 . 5 I V / V 

s t a r s (see T a b l e I ) . 

T h e heavy l ine in F i g u r e 8 c a n be r e g a r d e d as a r e a s o n a b l e c o m p r o m i s e a n d is a 

p r o p o s a l for S va lues t o be u s e d in t h e fu ture . N u m e r i c a l va lues a r e g iven in T a b l e I I . 

T h i s p r o p o s a l i nc ludes t h a t t h e Q va lue of n o t t o o m u c h r e d d e n e d s t a r s of spect ra l 

t y p e B l V - A l V s h o u l d be ca l cu la t ed wi th 

Q = (U - B) - 0 .645 (B - V) (17) 
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0 5 h 

Spectral 
type 

BO 

"~I 1 T 

B5 

AO 

A5 

-12 

-i.oh 
( U - B ) q 

-0.8 

-0.6 

-0.4 

-0.2 

O HD 4 9 7 9 8 
acc. to Hogg, quoted 
by Jaschek and Jaschek (1963) 

+ NGC 2244 (Johnson, 1962) 
X NGC 6611 (HMtner and Morgan, 1969) 
• NGC 2232 (C land, 1972) 

•«•• FitzGerald (1970) 
;stigation Figure 9 

-0.4 -0 .2 0 
( B - V ) 0 

.0.1 Bo B5 AO 
Spectral type 

Fig . 7. (B— V)o (F igure a) a n d (U—B)o (F igure b) as a funct ion of spectra l type for the s tars of the 
clusters N G C 2244, N G C 6611 a n d N G C 2232. T h e a d o p t e d E(B- V) values a r e 0.45 mag . , 0.74 m a g . 

a n d 0.05 m a g . respectively. See Sect ion 2 .31 . 

a n d n o t w i th J o h n s o n a n d M o r g a n ' s (1953) f o r m u l a : 

Q = (U - B)-0J2(B- V). (18) 

F o r s o m e 80 B 2 V - A 1 V s ta r s Q va lues were ca lcu la ted wi th E q u a t i o n (17) . These va lues 

a r e p l o t t e d aga ins t spec t ra l t y p e in F i g u r e 9a. T h e s ta r s a r e l is ted in T a b l e I I I . A m o n g 

these s ta rs a re t he a p p a r e n t l y u n r e d d e n e d ones used by J o h n s o n a n d M o r g a n (1953), 

M o r g a n et al. (1953) a n d t h e b lues t s ta rs l isted by S e r k o w s k i (1963) a n d W e s t e r l u n d 

(1963) . T h e Q va lues o f t h e 0 5 , t h e 0 5 / 0 7 / 0 8 V, t h e 0 8 V , t h e 0 9 / 9 . 5 I V / V , t h e 

BO/0.5 I V / V a n d the B l I V / V s t a r s were t a k e n f rom T a b l e I. By l eas t - squa res s t r a igh t 

l ine w a s fitted t h r o u g h these p o i n t s , r ep resen ted by 

Q = - 1.24 + 0.08 n for 5 < n < 1 5 , (19) 

w h e r e t he spect ra l t y p e i n d i c a t o r n is equa l t o 5 for BO/V a n d increases t o n = 15 for 
AO V. 

2.5 . T H E [Q, (B- K ) 0 ] AND [Q, (U-B)O] RELATIONS 

I n F i g u r e 9 b t he Q va lues of t h e B2 V - A l V s tars of T a b l e I I I a c c o r d i n g t o E q u a t i o n 
(17) a re p lo t t ed aga ins t (B— V). N o (B— V)0 va lues a r e ass igned t o t h e Q va lues of t he 
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0 8 V a n d 0 9 / 9 . 5 I V / V s t a r s of T a b l e I w h e r e a s for t h e BO/0.5 I V / V a n d B l I V / V s ta r s 
t h e Q va lues a r e p l o t t e d aga in s t t h e (B— V)0 va lues of sec t ion 2.3 .3 f r o m w h i c h t h e 
Q va lues were ca lcu la t ed w i th E q u a t i o n (16) (filled s q u a r e s in F i g u r e 9b ) . By least-
s q u a r e s a s t r a igh t l ine w a s fitted t h r o u g h these t w o filled s q u a r e s a n d t h e b lues t s t a r s , 

0 .65 

0 .60 

1 1 1 1 1 1 f • i . . | i i i • • i i i 

L Johnson (1958) L • mean of Serkowski ( 1 9 6 3 ) 
RtzGerald (1970) 

• this investigation 
- a. 

adopted n this investigation 

- A i A 
/ 

/ 
/ 

/ 

A i i l 1\ / \ 
/ A \ • -

\ t x / I \ \ 

V \ / / \ \ 
T A / \ \ 

/ 
. . . . / 

/ 

'• / 

\ 1 

\ \ / V \" -̂W / \ \ 
• \ / : \ J 

1 i i i i 1 i i i i 1 i i i i 1 i i i i I 
0 5 BO B5 AO A5 

SPECTRAL TYPE 

Fig . 8. T h e s lope of t he r edden ing l ine as a funct ion of spec t ra l t ype . 

T A B L E I I 

P roposed S values for h o t 
main-sequence s ta rs 

Spectral t ype S 

0 5 / 0 6 / 0 7 0.74 
0 8 V 0.73s 
0 9 V 0.72s 
0 9 . 5 V 0.72 
BO V 0.70s 
B0.5 V 0.68 
B l V-AO V 0.64s 
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H o t m a i n sequence s tars used t o de te rmine t he final in t r ins ic-colour re la t ion 

T h e (B- V\ (U-B) a n d l v a l u e s a r e m e a n values f rom the B D D F ca ta logue . Q values a r e ca lcula ted f rom these values wi th formula (17). Under l ined s ta rs 
( large symbol s in F igure 9) a re in first a p p r o x i m a t i o n a s sumed t o b e u n r e d d e n e d 

N a m e N o . Spect ra l t ype Q B-V (B- V)o U-B (U-B)o V 

This B D D F c a t 
pape r 

A C e p 1 18994 0 6 f - 0 . 9 2 + 0 . 2 5 - 0 . 3 0 - 0 . 7 4 - 1 . 1 5 5.04 

2 2451 0 8 / 0 8 V - 0 . 9 3 5 
- 0 . 2 1 - 0 . 3 0 s - 1 . 0 9 - 1 . 1 6 7.46 

5921 
030 V - 0 . 9 4 s - 0 . 2 5 - 0 . 3 0 s - 1 . 1 2 - 1 . 1 6 ) 

5.17 ju Col 3 5921 (09.5 V - 0 . 8 5 s - 0 . 2 8 s - 0 . 2 8 - 1 . 0 6 - 1 . 0 5 s ^ 
5.17 

10 Lac 4 19389 0 9 V - 0 . 8 9 s - 0 . 2 0 - 0 . 2 9 s - 1 . 0 4 - 1 . 1 0 s 4.88 

0l Or i A 5 5511 B0.5 V - 0 . 8 9 s + 0 . 0 2 - 0 . 2 9 s - 0 . 8 8 - 1 . 0 9 s 6.72 

oOri 6 5339 B 0 V - 0 . 8 8 s - 0 . 2 6 - 0 . 2 9 - 1 . 0 7 - 1 . 0 9 " 4.62 

a Or i A B 7 5696 0 9 . 5 V - 0 . 8 7 s - 0 . 2 4 - 0 . 2 8 s - 1 . 0 5 - 1 . 0 8 s 3.73 

0 2 Or i A 8 5523 0 9 . 5 V - 0 . 8 7 s - 0 . 0 9 - 0 . 2 8 s - 0 . 9 4 - 1 . 0 8 5.08 

C O p h 9 14047 0 9 . 5 V - 0 . 8 7 s + 0 . 0 2 - 0 . 2 8 s - 0 . 8 6 - 1 . 0 8 2.57 

10 8490 B 0 Vn - 0 . 8 7 s - 0 . 2 0 s - 0 . 2 8 s - 1 . 0 2 - 1 . 0 8 5.15 

£ Per 11 3847 B0.5 IV - 0 . 8 6 - 0 . 1 8 - 0 . 2 8 - 0 . 9 8 - 1 . 0 5 2.89 

0 C a s 12 9865 0 9 . 5 V - 0 . 8 5 - 0 . 2 3 - 0 . 2 8 - 1 . 0 1 s - 1 . 0 5 2.76 

T SCO 13 14025 B 0 V - 0 . 8 4 s - 0 . 2 5 - 0 . 2 8 - 1 . 0 2 - 1 . 0 4 2.83 
_ 14 5488 B 0 V(p)/B0.5 V - 0 . 8 4 - 0 . 2 5 - 0 . 2 8 - 1 . 0 1 - 1 . 0 3 4.78 

15 11480 B0 I11/B0.5 V - 0 . 8 3 s - 0 . 2 4 s - 0 . 2 7 s - 1 . 0 0 s - 1 . 0 2 s 1.26 

S Sco 16 13563 B 0 IV/B0 V - 0 . 8 3 - 0 . 1 1 - 0 . 2 7 5 - 0 . 9 1 - 1 . 0 2 s 2.30 

X Lep 17 5080 B0.5 IV - 0 . 8 2 - 0 . 2 7 s - 0 . 2 7 - 1 . 0 1 - 1 . 0 1 4.29 X Lep 
18 5366 B l V - 0 . 8 2 - 0 . 1 8 s - 0 . 2 7 s - 0 . 9 4 - 0 . 9 9 s 5.34 

19 6281 B l V - 0 . 8 1 s - 0 . 2 1 s - 0 . 2 7 - 0 . 9 5 s - 0 . 9 9 5.91 

a C r u A + B 20 11169 B l / B l V - 0 . 7 9 - 0 . 2 5 s - 0 . 2 6 s - 0 . 9 6 - 0 . 9 6 s 0.79 a C r u A + B 
21 5633 B l V - 0 . 7 8 - 0 . 2 3 - 0 . 2 6 - 0 . 9 3 - 0 . 9 5 6.03 

$ - 0 . 7 7 
( - 0 . 7 5 s 

+ 0 . 0 7 s - 0 . 2 6 - 0 . 7 2 - 0 . 9 4 ) 
6.66 - 22 18765 B l V 

$ - 0 . 7 7 
( - 0 . 7 5 s - 0 . 3 7 - 0 . 2 5 s - 1 . 0 0 - 0 . 9 2 s ^ 

6.66 

K SCO 23 15027 B2 IV - 0 . 7 4 s - 0 . 2 1 s - 0 . 2 5 - 0 . 8 8 s - 0 . 9 1 2.41 
_ 24 5132 B l V/B5 V/B2 V - 0 . 7 4 s - 0 . 2 1 s - 0 . 2 5 - 0 . 8 8 - 0 . 9 0 5.69 

a Lup 25 12788 B2/B1 V - 0 . 7 4 - 0 . 2 1 - 0 . 2 5 - 0 . 8 8 - 0 . 9 0 s 2.30 

<5Cet 26 2626 B2 V/B2 IV - 0 . 7 2 - 0 . 2 1 s - 0 . 2 4 s - 0 . 8 6 - 0 . 8 8 4.05 

v Cen 27 12315 B2 IV/B2 V - 0 . 7 1 - 0 . 2 3 - 0 . 2 4 - 0 . 8 6 - 0 . 8 7 3.41 

y Peg 28 128 B2/B2 V / B 2 I V - 0 . 7 1 - 0 . 2 2 - 0 . 2 4 - 0 . 8 5 - 0 . 8 6 s 2.86 
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Table III (Continued) 

N a m e N o . 

Th i s 
p a p e r 

B D D F c a t 

Spectral type Q B-V (B-V)o U-B (U-B)o V 

Sco 29 14254 B2 IV - 0 . 6 9 - 0 . 2 1 5 - 0 . 2 3 s - 0 . 8 3 s - 0 . 8 5 3.56 
y L u p 30 13314 B2n /B2 Vn - 0 . 6 8 s - 0 . 2 0 s - 0 . 2 3 s - 0 . 8 1 s - 0 . 8 3 5 

2.77 
x C e n 31 13000 B3/B2 V - 0 . 6 4 5 - 0 . 2 U - 0 . 2 2 s - 0 . 7 8 s - 0 . 7 9 3.13 

- 32 5673 B3 V - 0 . 6 4 5 - 0 . 1 5 s - 0 . 2 2 s - 0 . 7 4 s - 0 . 7 9 6.84 
n H y a 33 8422 B3/B3 V - 0 . 6 1 5 - 0 . 1 9 s - 0 . 2 1 s - 0 . 7 4 - 0 . 7 5 5 4.29 
<rSgr 34 16048 B3/B3 V/B2 V - 0 . 6 1 - 0 . 2 1 - 0 . 2 1 s - 0 . 7 4 s - 0 . 7 4 s 2.05 

a Pav 35 17659 B3 IV - 0 . 5 8 s - 0 . 2 0 - 0 . 2 0 s - 0 . 7 1 s - 0 . 7 2 1.93 

/ H e r 36 15035 B3/B3 V - 0 . 5 7 s - 0 . 1 8 - 0 . 2 0 s - 0 . 6 9 - 0 . 7 0 s 3.80 
T L ib 37 13346 B2 V/B2.5 V - 0 . 5 6 - 0 . 1 7 s - 0 . 2 0 - 0 . 6 7 s - 0 . 6 9 3.65 
/ 7 U M a 38 12316 B3 V - 0 . 5 5 s - 0 . 1 8 s - 0 . 2 0 - 0 . 6 7 s - 0 . 6 8 s 1.88 
77 A u r 39 4878 B3 V - 0 . 5 5 5 - 0 . 1 8 - 0 . 2 0 - 0 . 6 7 - 0 . 6 8 3.18 

- 40 8467 B 4 IV - 0 . 5 5 s - 0 . 1 7 s - 0 . 2 0 - 0 . 6 6 s - 0 . 6 8 4.86 

- 41 287 B3/B5 IV - 0 . 5 1 s - 0 . 1 2 - 0 . 1 9 - 0 . 5 9 5 - 0 . 6 4 5.58 

- 42 11156 B6/B7 V - 0 . 5 1 - 0 . 1 4 s - 0 . 1 8 s - 0 . 6 0 - 0 . 6 2 s 10.65 
v A n d 43 672 B5 V - 0 . 4 8 - 0 . 1 5 - 0 . 1 8 - 0 . 5 7 s - 0 . 5 9 s 4.52 
K H y a 44 9190 B3/B5 V - 0 . 4 7 - 0 . 1 5 s - 0 . 1 7 s - 0 . 5 7 - 0 . 5 8 5.05 
r H e r 45 13871 B5 V - 0 . 4 6 - 0 . 1 5 s - 0 . 1 7 - 0 . 5 6 - 0 . 5 7 3.89 
a Scl 46 907 B8 I l l ( p ) / B 5 - 0 . 4 4 s - 0 . 1 6 s - 0 . 1 7 - 0 . 5 5 - 0 . 5 5 4.30 

a G r u 47 18893 B2 V/B5 V - 0 . 4 4 s - 0 . 1 5 - 0 . 1 7 - 0 . 5 4 - 0 . 5 5 1.74 
V/2 A q r 48 19937 B3 V/B5 V - 0 . 4 4 s - 0.15 - 0 . 1 7 - 0 . 5 4 - 0 . 5 5 4.40 
jff Sex 49 9684 B6 V - 0 . 4 3 - 0 . 1 3 s - 0 . 1 6 s - 0 . 5 2 - 0 . 5 4 5.07 
29 Psc 4 9 - 5 0 20638 B8 I I I /B6 V - 0 . 4 1 s - 0 . 1 3 s - 0 . 1 6 - 0 . 5 0 - 0 . 5 2 5.10 
1 9 T a u 50 3570 B6 V - 0 . 3 9 s - 0 . 1 0 s - 0 . 1 5 s - 0 . 4 6 - 0 . 4 9 4.30 
23 T a u 51 3607 B6e/B6 I V n n - 0 . 3 8 - 0 . 0 6 - 0 . 1 5 - 0 . 4 2 - 0 . 4 8 4.18 
7r Cet 52 2717 B5 V/B7 V - 0 . 3 5 - 0 . 1 4 - 0 . 1 4 - 0 . 4 4 - 0 . 4 4 4.24 

18 T a u 53 3565 B8 V - 0 . 3 1 - 0 . 0 7 s - 0 . 1 3 - 0 . 3 6 - 0 . 3 9 s 5.65 
fi Lib 54 13171 B8 V - 0 . 3 0 - 0 . 1 1 - 0 . 1 3 - 0 . 3 7 - 0 . 3 8 2.61 
- 55 11355 A0 /B7 V - 0 . 2 9 s - 0 . 1 3 s - 0 . 1 3 - 0 . 3 8 s - 0 . 3 8 8.76 

(x Leo 56 9452 B8 V/B7 V - 0 . 2 9 - 0 . 1 1 s - 0 . 1 2 5 - 0 . 3 6 s - 0 . 3 7 1.35 

<p Eri 57 2360 B8 V - 0 . 2 8 - 0 . 1 2 s - 0 . 1 2 s - 0 . 3 6 - 0 . 3 6 3.55 

/TCMi 58 7201 B7 V/B8 V - 0 . 2 3 - 0 . 1 0 - 0 . 1 1 - 0 . 2 9 s - 0 . 3 0 2.90 
53 T a u 59 4169 B9 V - 0 . 2 1 s - 0 . 1 0 - 0 . 1 0 s - 0 . 2 8 - 0 . 2 8 s 5.35 
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Table III (Continued) 

N a m e N o . 

Th i s 
pape r 

B D D F c a t 

Spectral type Q B— V (B- V)o U-B (U-B)o V 

C P e g 60 19416 B8.5 V/B8 V - 0 . 2 1 - 0 . 0 8 s - 0 . 1 0 s - 0 . 2 6 s - 0 . 2 7 s 3.30 
21 T a u 61 3586 B8 V - 0 . 2 0 s - 0 . 0 4 - 0 . 1 0 - 0 . 2 3 - 0 . 2 7 5.76 
n A q r 62 19306 B8 V - 0 . 2 0 - 0 . 0 9 - 0 . 1 0 - 0 . 2 6 - 0 . 2 6 s 4.02 
a Del 63 17924 B9 V - 0 . 1 7 - 0 . 0 5 s - 0 . 0 9 - 0 . 2 0 s - 0 . 2 3 3.77 

- 64 11825 B9 V - 0 . 1 5 - 0 . 0 8 s - 0 . 0 8 s - 0 . 2 0 s - 0 . 2 0 s 5.20 
22 T a u 65 3595 B9.5 V - 0 . 1 3 s - 0 . 0 2 - 0 . 0 8 s - 0 . 1 5 - 0 . 1 9 * 6.43 
134 T a u 66 5940 B9 V - 0 . 1 3 - 0 . 0 7 - 0 . 0 8 - 0 . 1 7 s - 0 . 1 8 4.89 
OCrt 67 10459 B9 V - 0 . 1 2 - 0 . 0 8 - 0 . 0 8 - 0 . 1 7 - 0 . 1 7 4.75 
e S g r 68 15626 AO V/B9 IV - 0 . 0 9 s - 0 . 0 2 s - 0 . 0 7 - 0 . 1 1 - 0 . 1 4 1.84 
co2 A q r 69 20387 B9 V/A0/B9.5 V - 0 . 0 9 - 0 . 0 4 - 0 . 0 7 - O . l l s - 0 . 1 3 s 4.47 
H Ser 70 13452 A O V - 0 . 0 8 s - 0 . 0 4 - 0 . 0 7 - 0 . 1 1 - 0 . 1 3 3.54 
58 Aql 71 16962 A O n - 0 . 0 8 s + 0 . 1 0 - 0 . 0 7 - 0 . 0 2 - 0 . 1 3 5.61 
6 H y a 72 8842 B9.5 V/AO p - 0 . 0 7 s - 0 . 0 7 -O.O65 - 0 . 1 2 - 0 . 1 2 3.88 

- 73 11442 A O V - 0 . 0 6 - 0 . 0 4 - 0 . 0 6 -O.O85 - 0 . 1 0 8.29 
a C M a 74 6709 AO V / A l V - 0 . 0 4 s 0.00 - 0 . 0 6 - 0 . 0 4 s - 0 . 0 8 - 1 . 4 6 

- 75 11319 A l V - 0 . 0 4 s - 0 . 0 4 - 0 . 0 6 - 0 . 0 7 - 0 . 0 8 8.88 

- 76 11314 A l V - 0 . 0 3 - 0 . 0 5 s - 0 . 0 5 s - 0 . 0 6 s -O.O65 1.31 
a Peg 77 19775 B9 V - 0 . 0 2 s - 0 . 0 4 - 0 . 0 5 - 0 . 0 5 - 0 . 0 6 2.49 
109 Vir 78 12888 A O V - 0 . 0 2 s - 0 . 0 1 - 0 . 0 5 - 0 . 0 3 - 0 . 0 6 3.72 
o Peg 79 19425 A l V - 0 . 0 2 +O.OO5 - 0 . 0 5 - 0 . 0 1 5 - 0 . 0 5 4.81 
Q Peg 80 19647 A l V - 0 . 0 1 s +O.OO5 - 0 . 0 5 - 0 . 0 1 - 0 . 0 4 s 4.90 
j ^ U M a 81 10075 A l V - 0 . 0 0 - 0 . 0 1 - 0 . 0 4 s - 0 . 0 1 5 - 0 . 0 4 2.38 
£ A q r 82 17998 A l V + 0 . 0 2 +O.OO5 - 0 . 0 4 s + 0 . 0 2 s -O.OOs 3.77 
6 Vir 83 11889 A l V + 0 . 0 0 s - 0 . 0 1 - 0 . 0 4 s + 0 . 0 0 - 0 . 0 2 4.37 
ct Lyr 84 15842 A l V +O.OOs -O.OOs - 0 . 0 4 s -O.OOs - 0 . 0 2 0.03 
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w h i c h a r e i nd i ca t ed by la rge filled symbo l s in F i g u r e 9 b . T h e t h u s o b t a i n e d [Q, 

(B— V)Q] r e l a t i on is 

(B - V)0 = 0 .277 Q - 0.045 (20) 

a n d m i g h t rep lace J o h n s o n ' s (1958) f o r m u l a 

(B — V)0 = 0.332 Q. (21) 

F o r e a c h of t he s t a r s of T a b l e I I I , (B— V)0 w a s ca l cu la t ed w i t h E q u a t i o n (20) a n d 

E(B— K ) w a s d e t e r m i n e d . E(U—B) w a s f o u n d f r o m 

E(U - B) = SE(B- K ) , (22a) 

w h e r e S is t a k e n f r o m T a b l e I I . F o r fairly r e d d e n e d s t a r s E(U—B) w a s ca lcu la t ed w i t h 

E (U - B) = [ S 4- 0 .06 E (B - V)~\ E(B-V), (22b) 

w h e r e t he va lue 0.06 is t h e m e a n of t h e a2 va lues of T a b l e I fo r t h e 0 9 - B 1 s ta r s . I n 

th i s way (U — B)0 = (U—B) — E(U—B) is k n o w n . Q va lues o f s t a r s of T a b l e I I I w e r e 

p l o t t e d aga ins t these (U-B)0 va lues in F i g u r e 9c. F o r t h e B0 /0 .5 I V a n d the B l I V / V 

s t a r s the Q va lues of T a b l e I a n d t h e (U-B)0 va lues of Sec t ion 2.3.3 were used . F o r 

t h e 0 8 V a n d 0 9 / 9 . 5 I V / V s t a r s n o (U-B)0 va lues a r e p l o t t e d , because t h e u n 

cer ta in t ies in t h e m w e r e r e g a r d e d t o o la rge . By l e a s t - s q u a r e s t h e fo l lowing r e l a t i on 

w a s o b t a i n e d : 

(U-B)0 = 1.242 C-h 0.013 for Q<-0.6 (23a) 

(U - B)0 = 1.175 Q - 0 .030 for Q>-0.6. (23b) 

A less a c c u r a t e exp re s s ion for t h e en t i re spec t ra l r a n g e u n d e r c o n s i d e r a t i o n is 

g iven by 
(U - B)0 = 1.200 Q - 0 . 0 2 1 . (23c) 

T h e differences in (U—B)0 w i t h (23a) a n d (23b) a r e o f t h e o r d e r of 0.005 m a g . a n d 

never exceed 0.009 m a g . 

2.6. a VIRGINIS 

I t is w o r t h w h i l e t o n o t e t h a t t h e B D D F va lue of (B— V) of a Vi r ( i nd i ca t ed in F i g u r e 

9 b y 1972) d o e s n o t c o r r e s p o n d t o t h e a b o v e m e n t i o n e d [ Q , (B— V)Q~\ r e la t ion . T h e 

1953 va lue of (B— V\ u sed b y J o h n s o n a n d M o r g a n (1953) , lies nea r ly o n the [Q9 

(B— V)Q] r e l a t i o n of F i g u r e 9 b . H o w e v e r , t h e m o s t r ecen t v a l u e of (B— V) h a s t o b e 

r e g a r d e d as t h e be t t e r o n e . T h e c o l o u r excess E(B— F ) = 0 .03 is m o s t p r o b a b l y d u e 

t o t h e b i n a r y n a t u r e of a Vir . 

2.7. T H E FINAL INTRINSIC-COLOUR RELATION 

A p l o t s imi lar t o F i g u r e 10 w a s m a d e of (U—B)0 a n d (B— V)0 va lues o f t h e s ta rs o f 
T a b l e I I I (no t s h o w n here) . F o r t he 0 8 V to AO V s ta r s the in t r ins ic -co lour re la t ion 
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as f o u n d by l eas t - squares c a n b e expressed by 

(U - B)0 = 4.636 (B - V)0 + 0.252 for - 0.32 < (B - V)0 < - 0.18 
(U - B)0 = 3.971 (B - V)0 + 0 .130 for - 0.18 < (B — V)0 < — 0.05 

(24a) 
(24b) 

o r less accura te ly for t h e en t i r e spec t ra l r a n g e u n d e r c o n s i d e r a t i o n b y 

( 1 / - B)0 = 4 .246 (B - V)0 + 0 . 1 6 1 . (24c) 

T h e la t te r f o r m u l a differs a t m a x i m u m by 0.02 m a g . in (U—B)0 f r o m E q u a t i o n s (24a) 

a n d (24b) . 
I n F igu re 10 t h e in t r in s i c -co lour r e l a t ion a c c o r d i n g t o t h e E q u a t i o n s (24a) a n d 

(24b) is s h o w n t o g e t h e r w i t h t h e resul t s f r o m t h e t h r ee y o u n g c lus te r s ( o p e n s q u a r e s 
in F igu re 10, see Sec t ion 2.3). I t t u r n s o u t t h a t t he o b s e r v e d c o l o u r s of X L e p , s t a r 
N o . 17 of T a b l e I I I a n d s ta r N o . 76 of T a b l e H I , w h i c h b o t h c a n b e a s s u m e d t o be 
u n r e d d e n e d a c c o r d i n g t o F i g u r e 9, a r e near ly exac t s o l u t i o n s of f o r m u l a (24c) (dif
ferences in U—B less t h a n 0 .005 m a g . ) . T h i s is n o t t h e case w i th t h e E q u a t i o n s (24a) 
a n d (24b) . P e r h a p s f o r m u l a (24c) h a s t o be r e g a r d e d as a be t t e r r e p r e s e n t a t i o n of t h e 
in t r ins ic -co lour r e l a t i on for t h e B type m a i n - s e q u e n c e s ta rs t h a n f o r m u l a e (24a) a n d 
(24b) . I n t h a t case t h e S va lues of T a b l e I I u s e d t o o b t a i n (U—B)0 ( a cco rd ing t o 
E q u a t i o n (22a)) need s o m e c o r r e c t i o n . H e r e still s o m e w o r k h a s t o b e d o n e . H o w e v e r , 
J o h n s o n ' s (1966) r e l a t i o n ( d a s h e d l ine in F i g u r e 10) p r o v i d e s a t a n y case t o o r ed 
(U-B)0 va lues for g iven (B- V)0 va lues in t h e r e g i o n - 1 . 1 0 < ( C / - J ? ) 0 < - 0 . 9 0 . 
T h e o p e n squa re s in F i g u r e 10 give a n i n d i c a t i o n t h a t for (U—B)0 < - 1 . 1 0 t h e in
t r ins ic -co lour r e l a t i on b e n d s b a c k aga in . I t is conce ivab le t h a t th i s p a r t o f t he r e l a t i on 
is go ing t h r o u g h H D 49798 (see Sec t ion 2.3 a n d F i g u r e 7). 

I n T a b l e I V t h e p r o p o s e d in t r ins i c -co lour r e l a t ion for t h e B t y p e s t a r s is given. A l 
t h o u g h n o u n i q u e r e l a t i on w i th spec t ra l t ype exists, t en t a t i ve spec t ra l types a re given 
in t h e las t c o l u m n o f T a b l e IV. T h e s e were o b t a i n e d f rom F i g u r e 9 a n d s h o u l d be used 
on ly as a r o u g h e s t ima te . 

I t s h o u l d b e r e m a r k e d t h a t for — 0.40 < ( 5 - V)0< - 0 . 0 5 t h e p r o p o s e d in t r ins ic -
c o l o u r r e l a t ion agrees very well w i t h cu rve B of F i g u r e 1 of t h e p a p e r b y Rufene r a n d 
M a e d e r ( these p r o c e e d i n g s p a g e 156). F o r — 0 .05<(2?— V)0< + 0 . 0 5 cu rve B o f 
R u f e n e r a n d M a e d e r lies s l ight ly h ighe r t h a n the p r o p o s e d [ ( £ / — B ) 0 9 (B— V)0~\ re la
t i o n . 

F o r —0.05 < (B— V)0 < + 0 . 3 t h e in t r ins ic -co lor r e l a t i on of F i g u r e 10 w a s d r a w n b y 
eye t h r o u g h t h e lowes t p o i n t s s u c h t h a t i t m e r g e s be t t e r i n t o t h e r e l a t i o n for t h e H y a d e s 
m a i n - s e q u e n c e (Eggen , 1962) t h a n J o h n s o n ' s (1966) r e l a t ion . 

I n F i g u r e 10 t h e o b s e r v e d c o l o u r s of t h e fa in t b l u e s t a r s H Z 22 ( K o w a l , q u o t e d b y 
Y o u n g et ai, 1972) a n d of H Z 29 (Os t r ike r a n d Hesse r , 1968) a r e a l so p lo t t ed . 
T h e obse rved c o l o u r s of H Z 22 a r e a so lu t i on of E q u a t i o n (24c) . A s s u m i n g H Z 22 in
d e e d t o be u n r e d d e n e d , t h i s s u p p o r t s t he idea t h a t t h e a t m o s p h e r e of H Z 22 c o u l d be 
qu i t e s imi lar t o t h a t o f n o r m a l B- type s ta rs . F r o m t h e h y d r o g e n - l i n e profiles G r e e n -
s te in (1969) f o u n d t h e surface grav i ty t o be logg = 3.9. Y o u n g et al. h o w e v e r f o u n d for 
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•1.2 

-1.0 

- 0 . 8 

- 0 . 6 

08Y 

. 0 9 / 9 . 5 E T / Y 

B o / 0 . 5 E T / Y 

(17) 

B l J Y / T 

HD 49798 

- 0 . 4 1 -
i 

I 
I 

- 0 . 2 L 

0.2 

0 .41 

0.6[ 

poss ib le c o m b i n a t i o n s o f ( B - V ) o a n d ( U - B ) 0 f o r 
s p e c t r a l t y p e s i n d i c a t e d ( s e e Table 1 ) 

d a t a o b t a i n e d f r o m t h e c l u s t e r s N G C 2 2 4 4 
6 6 1 1 a n d 2 2 3 2 ( s e e F i g u r e ^ ) 

o b s e r v e d c o l o r s , n u m b e r s in b r a c k e t s r e f e r t o Table 3. 
f r o m W e s t e r l u n d ' s ( 1 9 6 3 ) l i s t 
HD49798 acc t o H o g g , q u o t e d by J a s c h e k a n d 

J a s c h e k ( 1 9 6 3 ) 
HZ 22 acc. t o K o w a l , q u o t e d by Y o u n g , N e l s o n a n d 

M i e l b r e c h t ( 1 9 7 2 ) " 
H Z 29 acc. t o O s t n k e r a n d H e s s e r ( 1 9 6 8 ) 
J o h n s o n a n d M o r g a n ( 1 9 5 3 ) 
J o h n s o n ( 1 9 6 6 ) 
t h i s i n v e s t i g a t i o n 

X H y a d e s m a i n s e q u e n c e ( E g g e n , 1 9 6 2 ) 
+ — - + s t a r s w i t h i n 2 0 pes o f t h e s u n acc t o G l i e s e ( 1 9 5 7 ) 

s e l e c t e d by F e r n i e , H a g e n a n d Mc C l u r e ( 1 9 7 1 ) 

_l I I I I 
- 0 . 4 - 0 . 2 -0 .2 

B - V 

Fig . 10. P roposed intr insic co lou r re la t ion (full-drawn line) c o m p a r e d wi th some 
o the r intr insic-colour re la t ions . 
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t h e m a s s of t he on ly visible p r i m a r y c o m p o n e n t o f th is b i n a r y sys tem (P = 0?573703) = 

= 0 . 2 < ^ / ^ o < 0 . 7 . 

T h e n a t u r e of H Z 29 (P= 1051.118 + 0.015 s) is n o t yet k n o w n . A c c o r d i n g to Os t r ike r 

a n d Hesse r i t c o u l d be a h o t s u b d w a r f u n d e r g o i n g r a d i a l p u l s a t i o n s , a m a g n e t i c va r i 

ab le o r a typica l m e m b e r of a n e w class of va r i ab le s ta r s . If n o t r e d d e n e d its pos i t i on 

in t he t w o - c o l o u r d i a g r a m is of i m p o r t a n c e for a be t t e r u n d e r s t a n d i n g of this class of 

s ta rs . 

T A B L E IV 

T h e intr insic-colour re la t ion accord ing to formula (24c) for ho t main-
sequence s tars 

(B-V)o (U—B)o Q Spect ra l type 

- 0 . 2 9 s - 1 . 0 9 - 0 . 9 0 0 9 
- 0 . 2 9 - 1 . 0 7 - 0 . 8 7 s 0 9 . 5 
- 0 . 2 8 — 1 03 - 0 . 8 5 B0 
- 0 . 2 7 - 0 . 9 8 s - 0 . 8 1 B0.5 
- 0 . 2 6 - 0 . 9 4 s - 0 . 7 7 s B l 
- 0 . 2 4 - 0 . 8 6 - 0 . 7 0 B2 
- 0 . 2 2 - 0 . 7 6 s - 0 . 6 2 B3 
- 0 . 1 9 5 

- 0 . 6 7 - 0 . 5 4 s B4 
- 0 . 1 7 s - 0 . 5 8 - 0 . 4 6 s B5 
- 0 . 1 5 s - 0 . 4 9 s - 0 . 3 9 B6 
- 0 . 1 3 - 0 . 3 9 s - 0 . 3 1 s B7 
- 0 . 1 1 - 0 . 3 0 s - 0 . 2 3 s B8 
- 0 . 0 9 - 0 . 2 2 - 0 . 1 6 B9 
- 0 . 0 8 - 0 . 1 8 - 0 . 1 2 B9.5 

Q values a r e ob ta ined f rom Equa t ion (20) a n d spectral types f rom F igu re 9a. 

2 .8 . COMPARISON WITH CRAWFORD'S (1963) WORK 

C r a w f o r d (1963) h a s m e a s u r e d (B- V) a n d {U-B) c o l o u r s of 501 B8 a n d B9 s ta rs 

b r igh te r t h a n 6.5 m a g . a n d h a s c o m p a r e d t h e resul ts w i t h t h e in t r ins ic -co lour re la t ion 

of J o h n s o n a n d M o r g a n (1953) . F r o m his t ab le it fol lows t h a t 12% of t he s ta rs h a v e 

a n E(U—B)&0 a n d t h a t 2 0 % a r e definitely t o o b lue in (B- V) w i t h respect t o J o h n s o n 

a n d M o r g a n ' s r e l a t ion . ( T h e E(U-B) va lues of these s ta rs a r e : - 0 . 0 1 m a g . for 1 1 % ; 

- 0 . 0 2 m a g . for 5 % ; - 0 . 0 3 m a g . for 1.8%; - 0 . 0 4 m a g . for 0 . 8 % ; - 0 . 0 5 , - 0 . 0 6 , 

- 0 . 0 8 a n d - 0 . 1 2 m a g . e a c h for 0.2%.) 

W i t h t h e p r o p o s e d in t r in s i c -co lour r e l a t ion it is f o u n d t h a t 

for 13 s t a r s ( 2 . 6 % ) \E(B - V)\ ^ 0 .005 

for 3 s t a r s 

for 5 s t a r s 

- 0 . 0 1 < E(B-V) < - 0 . 0 0 5 

( 1 . 6 % ) J - 0 . 0 3 < E(B-V) < - 0 . 0 1 | 
[ - 0 . 0 1 7 ^ E(U-B) ^ - 0 . 0 0 8 J 

Of the la t te r 5 s t a r s (BS 1638, 2033 , 4082, 3059, 7911) t h e first t h r e e a re pecu l ia r 

s ta rs (11 Or i , AO S i ; 137 T a u , A p ; 25 Sex, A p ) . 
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3 . Effective Temperatures as a Function of (17— B) for B Type Stars 

3 .1 . T H E OBSERVATIONS 

I t h a s b e e n k n o w n for a l o n g t i m e t h a t [ Tcff, (U—2?)] r e l a t i ons o f B t y p e s t a r s a r e very 

s m o o t h if r e f f is d e t e r m i n e d f rom a c o m p a r i s o n of o b s e r v e d ene rgy d i s t r i b u t i o n s w i t h 

theo re t i ca l ones of a gr id o f m o d e l s (see F i g u r e 3 in H e i n t z e (1969) for e x a m p l e ) . T h i s 

is t r u e even if n o c o r r e c t i o n s for r e d d e n i n g a r e app l i ed . C lea r ly t h e a p p a r e n t lower 

effective t e m p e r a t u r e d e t e r m i n e d f r o m the r e d d e n e d e n e r g y d i s t r i b u t i o n is w i t h t h e 

r e d d e n e d (U—B) c o l o u r still a p o i n t o f the [ r e f f , (U— B)~\ r e l a t i on for u n r e d d e n e d 

s t a r s . T h e s a m e seems t o b e t r u e for t h e influence o f r o t a t i o n . 

H y l a n d (1969) f o u n d a r a t h e r l inea r [ 0 e f f = 5040/ T e f f , Q\ r e l a t i o n for B type s ta rs . 

A l s o Schi ld et al. (1971) f o u n d a fairly l inear r e l a t ion be tween 0 e f f a n d Q for 0 e f f < 

< 0 . 4 6 ( g < - 0 . 1 ) . 

I t t u r n s o u t t h a t different p u b l i s h e d t e m p e r a t u r e r e l a t i ons c a n nicely be expressed 

as a l inear r e l a t i on b e t w e e n 0 e f f a n d (U—B). T h e fo l lowing exp res s ions c o u l d be 

de r ived by m e a n s of l eas t - squa res , for H y l a n d ' s (1969) r e su l t s : 

0 e f f = 0 . 3 1 4 5 (U — B) + 0 .513 (25a) 

for H e i n t z e ' s (1969) r e s u l t s : 

0 e f f = 0.306 (U — B) + 0 .507 (25b) 

for t h e resul ts of Schi ld et al. (1971) 

0 e f f = 0 . 3 0 4 5 (U - B) + 0 . 5 0 2 . (25c) 

3.2. TEMPERATURE CORRECTIONS FOR INTERSTELLAR REDDENING AND ROTATION 

F r o m E q u a t i o n s (25a, b , c) it fo l lows t h a t 

zJ0 e f f = - 0.31 x E (U - B) (26a) 

o r 

z !0 e f f = - 0.31 x S x E (B - V). (26b) 

A c c o r d i n g t o J o h n s o n a n d M o r g a n ' s (1953) in t r ins ic -co lour r e l a t i on , 29 Psc (B6 V 

r a t h e r t h a n B8 I I I , see las t p a r a g r a p h of Sec t ion 1.7) is u n r e d d e n e d . H o w e v e r , a c c o r d 

ing t o t h e p r o p o s e d in t r in s i c -co lour r e l a t i on E(B- K ) = 0 .03 , so A0eff = - 0 . 0 0 6 . T h i s 

m e a n s t h a t T e f f = 1 5 4 0 0 K r a t h e r t h a n 1 5 1 5 0 K a n d l o g # = 4 . 1 4 r a t h e r t h a n 4 .08. 

Theo re t i ca l w o r k h a s s h o w n t h e d e p e n d e n c e o f Mv, Mhol, (U—B), (B— V) e t c . 

o n vRsmi o r vR, w h e r e vR d e n o t e s t h e e q u a t o r i a l r o t a t i o n a l veloci ty (see Col l ins 

(1970) for a recen t review ar t ic le ) . T h e effective t e m p e r a t u r e o f a r o t a t i n g s t a r is lower 

t h a n the effective t e m p e r a t u r e of t h e s a m e s ta r in case it w o u l d n o t be r o t a t i n g . H e r e 

j u s t a s in t h e case o f r e d d e n i n g t h e o b s e r v e d effective t e m p e r a t u r e o b t a i n e d by fitt ing 

t h e obse rved energy d i s t r i b u t i o n o f t h e r o t a t i n g s ta r t o a theore t i ca l ene rgy d i s t r ibu

t i o n of a n o n r o t a t i n g s t a r p r o v i d e s t oge the r w i t h t he o b s e r v e d (U—B) va lue a p o i n t 

o n t h e [ r e f f , (U-B)~\ r e l a t i on of u n r e d d e n e d s ta rs (see F i g u r e 3 in He in t ze , 1969). 
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F r o m E q u a t i o n (26a) it fo l lows t h a t 

A0eff = - 0 . 3 1 x A(U - £ ) , 

w h e r e in th is case A (U—B) d e n o t e s t he c h a n g e s in (U—B) d u e t o t h e r o t a t i o n a l 

veloci ty . F r o m F i g u r e 15 i n Co l l ins a n d H a r r i n g t o n (1966) , F i g u r e 10 of th is p a p e r 

a n d f o r m u l a (24c) it is poss ib le t o der ive for t he h o t m a i n - s e q u e n c e s t a r s t h e fo l lowing 

r e l a t i on be tween the c h a n g e s in (U—B) a n d (B— V) d u e t o r o t a t i o n 

A (U -B) = 4 .246 A(B- V). 

M o d e l ca l cu la t ions o f M a e d e r a n d P e y t r e m a n n (1970) s h o w t h a t 

A(B-V) = ke(vR s i n / ) 2 , 

w h e r e ke is a c o n s t a n t . 

C o m b i n a t i o n of t hese t h r ee e q u a t i o n s y ie lds : 

A6cff = - 1.32 ke(vR s i n / ) 2 . (27) 

F o r c o m p a r i s o n , R o x b u r g h a n d S t r i t t m a t t e r (1966) f o u n d in a theore t i ca l a p p r o a c h 

as a first a p p r o x i m a t i o n 

A\ogTeff = kTv2

R 

a n d 

AMhol = k m v 2

R 9 

w h e r e kT a n d k M b d e p e n d o n t h e t ype of t h e s tar . S o m e d e p e n d e n c e o n sin / is p resen t 

b u t very l i t t le. S t r i t t m a t t e r (1966) f o u n d f rom a s t u d y o f t h e P r a e s e p e c lus ter t h a t 

AMV = bMv(vR s i n / ) 2 

a t a given co lou r . 

3.3. TEMPERATURE RELATIONS FROM MODEL PREDICTIONS 

I n F i g u r e 11 the [ 0 e f f , (U— B)~] r e l a t i ons (25a, b a n d c) a r e s h o w n t o g e t h e r wi th s o m e 

resu l t s of m o d e l - c a l c u l a t i o n s . F o r M i h a l a s ' (1965) u n b l a n k e t e d m o d e l s o n e finds 

0 e f t = 0 . 3 0 3 (U- B) + 0 .513 for 0.18 < 0 e f f < 0 . 2 8 . (28a) 

F o r 0 e f f ^ O . 2 8 the M i h a l a s ' (1965) resul ts a r e nea r ly iden t ica l t o t h o s e of Kl ing lesmi th 
(1971) , w h i c h a r e h y d r o g e n - l i n e b l a n k e t e d m o d e l s . H o w e v e r , t h e resu l t s of Kl ing le 
s m i t h d o n o t ag ree w i t h t h e resu l t s o f t h e Ba lmer - l ine b l a n k e t e d m o d e l s of M i h a l a s 
(1966) . F o r 0 e f f ^ O . 4 O t h e resu l t s o f t h e la t te r m o d e l s p rac t i ca l ly co inc ide w i th t h e 
t e m p e r a t u r e r e l a t i o n of Schi ld et al. (1971) (see F i g u r e 11). M o r e o v e r if t h e (U—B) 
va lues of M i h a l a s (1965) a r e co r r ec t ed by + 0 . 0 3 m a g t h e ex t ens ion of t h e l inear 
[0eff> (U— ^ ) c o r r ] r e l a t i o n b e t w e e n O . 1 8 ^ 0 e f f < 0 . 2 8 t o g rea t e r va lues of 0 e f f fits nicely 
i n t o M i h a l a s ' (1966) resu l t s . H e i n t z e (1968) f o u n d t h a t M i h a l a s ' 1965 (U-B) va lues 
h a v e t o be co r rec ted by + 0 . 0 2 m a g . A co r rec t ion of (U— B) by + 0 . 0 2 5 m a g . causes 
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a c o r r e c t i o n o f —0.08 in t h e c o n s t a n t c of f o r m u l a (28a) , g iv ing 

0 e f f = 0.303 (U - B) + 0.505 for 0.18 < 0 e f f ^ 0 . 4 0 . (28b) 

T h i s f o r m u l a is in very g o o d a g r e e m e n t wi th t h e E q u a t i o n s (25b) a n d (25c). 

3.4. UNCERTAINTIES IN THE [ 0 e f f , (U—B)] RELATION 

3 .4 .1 . The Main-Sequence Stars Used by Schild et al (1971) 

I n F i g u r e 11 a lso 0 e f f va lues as f o u n d by Schi ld et al. (1971) for t h e e igh t m a i n - s e q u e n c e 
B t y p e s ta r s s tud ied b y t h e m a r e p l o t t e d aga ins t (U—B) va lues a s d e r i v e d f r o m t h e 
B D D F ca t a logue for these s t a r s . I n th i s case t he r e l a t i on b e t w e e n 0 e f f a n d (U—B) 
t u r n s o u t t o be 

I t ha s t o be inves t iga ted w h e t h e r o r n o t t he (U—B) va lues u sed by Schild et al. 
a r e t h e cor rec t ones because these s ta r s were a lso used for t h e d e t e r m i n a t i o n of the 

in t r ins ic -co lour r e l a t i on p r o p o s e d he re (see T a b l e I I I a n d Sec t ion 2.5). 

3.4.2. Effective Temperatures Derived by Auer and Mihalas (1972) 

I n F i g u r e 11 a lso t he effective t e m p e r a t u r e s of th ree h o t s t a r s (10 L a c , v O r i a n d T SCO) 

as d e t e r m i n e d by A u e r a n d M i h a l a s (1972) a r e p l o t t e d aga in s t the i r (U—B)0 va lues 

g iven in T a b l e 3. T h e s e p o i n t s seem t o s u p p o r t f o r m u l a (29a) a s a d d i n g of these t h r ee 

s t a r s t o the e ight m a i n s equence s t a r s o f Schi ld et al. resu l t s in a l eas t - squares so lu t ion 

w h i c h is near ly ident ica l t o E q u a t i o n (29a) . 

A u e r a n d M i h a l a s i n c l u d e d in the i r m o d e l s a c o m p l e t e N L T E t r e a t m e n t o f the H , 
H e i a n d H e II l ines ( d e p a r t u r e s f r o m L T E for t he first five levels of a 15-level h y d r o g e n 
a t o m , a l lowing explici t ly for six l ine t r ans i t i ons , a n d for d e p a r t u r e s f rom L T E in the 
g r o u n d s t a t e c o n t i n u a o f H e i a n d H e n ; N ( H e ) / N ( H ) is a s s u m e d t o be 0.10). T h e y 
d i d n o t c o m p a r e theo re t i ca l w i t h obse rved energy d i s t r i b u t i o n s . T h e r e f o r e the i r 
resu l t s a r e i n d e p e n d e n t o f in te rs te l la r r e d d e n i n g . 

A u e r a n d M i h a l a s d i d n o t give a final Teff of v O r i a s they d i d n o t have rel iable 
o b s e r v a t i o n s of the H e ii l ine profi les of th is s ta r a n d j u s t these l ines a r e very sensi t ive 
t o Tcff in th is t e m p e r a t u r e r a n g e . H o w e v e r , t hey m e n t i o n t h a t a m o d e l o f Tcff = 3 0 0 0 0 
K a n d log<7 = 4.0 ( a s s u m i n g v O r i t o b e a B0 V star! , see sec t ion 2.2.4) gives a be t t e r 
fit for t h e H e i l ine profi les (especial ly >U5015, 5048 a n d 6678) t h a n in t h e case of T 
S c o ( ' a n o t h e r ' B 0 V s t a r ) for w h i c h they p u b l i s h T e f f = 3 1 5 0 0 K a n d l o g # = 4 .15 . If 
3 0 0 0 0 K is i n d e e d a fairly r ep re sen t a t i ve effective t e m p e r a t u r e for v O r i , w h i c h a c c o r d 
ing t o Sec t ion 2.2.4 is r a t h e r a n 0 9 . 5 V t h a n a B0 V s tar , t h e n v O r i fits nicely t o t h e 
t e m p e r a t u r e - r e l a t i o n s o f H y l a n d ( E q u a t i o n (25a ) : 29 600 K ) ; H e i n t z e ( E q u a t i o n 
( 2 5 b ) : 3 0 4 0 0 K ) a n d Schi ld et al. ( E q u a t i o n (25c) : 29 6 0 0 K ) . So T SCO, w h i c h indeed is 
a B0 V s tar a c c o r d i n g t o F i g u r e 5, s h o u l d have a lower effective t e m p e r a t u r e t h a n 

0 e f f = 0 . 3 2 6 ( 1 / - 5 ) 4 - 0 . 5 0 9 . (29a) 

0 e f f = 0 .329(17 - 5 ) 4 - 0 . 5 1 1 , (29b) 
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Hyland ( 1 9 6 9 ) 
9 e f f = 0 . 3 1 4 5 ( U - B ) .0.5130 (41 s tars ) 

Heintze ( 1 9 6 9 ) 
9 e f f =0.3063(U-B) . 0 . 5 0 6 8 ( 2 7 s t a r s ) 
Schild, Peterson and Oke(1971)- ' 1 " 
Oeff = 0 . 3 0 4 4 ( U - B ) . 0.5021 (46stars ) 
,not reddened" main sequence Bs ta rs of 
Oeff =0.3261 ( U - B ) . 0.5091 ( 8 stars) ' 

Auer and Mihalas (1972) 

numbers in brackets refer to Table 3. 

a L e o ( 5 6 ) 
P C M i ( 5 8 ) 
£ P e g ( 6 0 ) 

-Mihalas (1965) 9 ^ = 0 . 3 0 3 (U -B) .0 .513 
• Mihalas (1965) 
• Mihalas (1966) 

Klinglesmith (1971) Oeff =0.359 (U-B) • 0 . 5 5 5 ' 

-1.0 -0.8 -0 .6 -0 .4 -0.2 0 
U - B 

• 0.2 

Fig . 11 . 0 e f f as a funct ion of U—B accord ing t o some gr ids of mode l s (Sect ion 3.3) and accord ing 
to s o m e observa t iona l results (Section 3.1 and 3.4) 

3 0 0 0 0 K in t he o r d e r of 2 6 9 0 0 K , be ing the m e a n of t h e va lues o b t a i n e d f rom t h e 
E q u a t i o n s (25a, b a n d c) . 

A final r e m a r k : A u e r a n d M i h a l a s ' (1972) m o d e l s d o n o t i nc lude a n y line b l a n k e t 
ing . I t is poss ib le t h a t U V - l i n e b l a n k e t i n g once i nc luded in to these m o d e l s , will sl ightly 
lower the effective t e m p e r a t u r e s of t h e s ta rs s tud ied by t h e m . 

4 . The Mass-Luminosity Relation 

I n T a b l e V t h e m o s t m o d e r n d e t e r m i n a t i o n s of m a s s e s a n d rad i i o f 70 c o m p o n e n t s o f 
ecl ipsing b ina r i e s , o f 48 c o m p o n e n t s o f re l iable a s t r o m e t r i c b ina r i e s a n d ava i lab le 
d a t a of a L e o , a P s A , a A q l a n d the S u n a r e c o m p i l e d . 

Effective t e m p e r a t u r e s w e r e ass igned t o these s ta r s a c c o r d i n g t o t h e pub l i shed 
spec t ra l types . F o r t h e B type s ta r s f o r m u l a (19) is c o m b i n e d wi th f o r m u l a (23c) a n d 
w i t h the f o r m u l a s (25c) o r (29b) giving 

0 e f f = 0.028 n 4- 0.043 (30a) 
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M o s t recent masses a n d / o r radi i , Mv a n d M b o i (if publ i shed) of 70 c o m p o n e n t s of eclipsing binar ies , 
48 c o m p o n e n t s of a s t romet r i c b ina r i e s a n d 5 single s ta rs 

In co lumn 10: M b o i ca lculated f rom R/RQ a n d an a d o p t e d t empe ra tu r e scale (see Sect ion 4) a r e given a n d in c o l u m n 1 1 : Mboi f rom a mass- luminosi ty re la t ion 
derived f rom the d a t a of c o l u m n 5 a n d 10 

Name 

1 V444 Cyg B [6] 0 6 29.6 9.8 
! 

3.93 
2 UW CMa A [6] 0 7 f 19.0 18.6 3.18 
3 UW CMa B [6] 0 7 f 23.0 14.8 3.46 j 
4 AO Cas A [6] 0 9 I I I 19.0 13.9 3.43 ! 
5 AO Cas B [61 0 9 I I I 23.0 8.9 3.90 
6 y Cyg A [9] 0 9 . 5 V 17 .4±0 .8 5.9 4.13 ± 0 . 0 3 - 6 . 7 - 6 . 2 
7 y C y g B [9] 0 9 . 5 V 17 .2±0 .8 5.9 4.13 ± 0 . 0 3 ! - 6 . 7 - 6 . 2 
8 AH Cep A [6] B0 Vn 16.5 6.1 4.09 - 6 . 4 - 6 . 0 
9 AH Cep B [6] B0 Vn 14.2 6.1 4.02 - 6 . 4 - 6 . 0 

10 U\ Sco A [51 B1.5 V 14.1 5.25 4.15 I - 4 . 9 [5] - 5 . 0 - 4 . 7 
11 M2 Sco B [5] (B3) 9.3 5.75 3.89 1 ! " 4 . 2 [5] - 4 . 3 - 4 . 2 
12 32 Cyg B [6] B3 V 8.1 3.9 4.17 j 3.4 [5] - 3 . 4 5 - 3 . 3 
13 a Aql A [6] B3 V 6.9 4.3 4.02 - 3 . 6 - 3 . 5 
14 a Aql B [61 B3 V 5.5 3.4 4.12 i - 3 . 2 - 3 . 0 
15 V539 Ara A [24] B3 V [1] 6.8 4.45 3.97 - 3 . 8 - 3 . 6 
16 V539 Ara B [24] B5 V [1] 5.8 3.73 4.06 ' - 3 . 4 - 3 . 2 

17 31 Cyg B _ B4 V [12] 6 . 6 ± 0 . 9 [9] 4.7 [6] 3.91 ± 0 . 0 6 f - 4 . 1 [12h 
- 3 . 4 - 3 . 3 

<--3.8 [5] i" 
- 3 . 4 - 3 . 3 

18 Z Vul A [9] B4 V [4] 5 . 4 ± 0 . 3 4.7 3.82 ± 0 . 0 3 j - 3 . 4 - 3 . 3 
19 U Oph A [13]-[9] B4 V [12] 5 .30±0 .36 3.4 4 .10±0 .03 ! - 2 . 6 [12] - 2 . 7 - 2 . 6 
20 U Oph B [13]-[9] B5 V [12] 4.65 ± 0 . 3 4 3.1 4.12 ± 0 . 0 3 ; - 2 . 4 [12] - 2 . 1 - 2 . 0 

21 CPhe A [26] B6 V 3 . 8 5 ± 0 . 2 2 .96±0 .05 4.08 ± 0 . 0 4 : - 1 . 3 [12] 
j 

c—1.55 —1.53 4.08 ± 0 . 0 4 : - 1 . 3 [12] 
j t ± 0 . 0 5 ± 0 . 0 3 22 C Aur B - B7 V [9] 5 . 6 ± 0 . 6 [9] 7.0 [6] 3.49 ± 0 . 0 5 - 3 . 0 9 

23 a Leo [7] B7 V - 3 . 8 ± 1 . 0 - 1.68 ± 0 . 5 8 
24 C Phe B [26] B8 2 .5±0 .1 1.96 ± 0 . 0 6 4.28 ± 0 . 0 3 ± 0 . 5 [12] + 0 . 0 2 ± 0 . 0 7 
25 AR Aur A [13] B9 V [12] 2 .55±0 .19 1.9 4.28 ± 0 . 0 3 + 0 . 6 [12] + 0 . 3 8 
26 AR Aur B [13] B9 V [12] 2 .30±0 .19 1.7 4 . 3 4 ± 0 . 0 4 + 0 . 9 [12] +0 .61 
27 TW Cas A [21] B9 V 1.84/2.4 2.40/259 4.06/3.88 -0 .295 /—0.13 
28 RX Her A [9] B9.5 V [12] 2.75 ± 0 . 0 6 2.4 4 .12±0.01 + 0 . 6 [12] + 0 . 0 3 
29 RX Her B [9] B9.5 V [12] 2.33 ± 0 . 0 3 2.0 420 ±0 .005 j + 1 . 0 [12] + 0 . 4 2 
30 V451 Oph A 

L 
[22] AO 2.78 ± 0 . 0 6 2 .6±0 .1 4.10 1 I +0 .35 ± 0 . 0 8 

-7.85 
-6.75 
-7.25 
-6.75 
-7.25 
- 6 . 5 0 ± 0 . 1 3 
-6 .47 ±0 .13 
-6 .36 
-5 .93 
-5.91 
-4 .63 
-4.18 
-3 .63 
-2.81 
-3.57 
-3 .00 

- 3 . 4 ± 0 . 5 - 3 . 3 ± 0 . 5 

- 2 . 7 5 ± 0 . 2 - 2 . 6 ± 0 . 2 
- 2 . 6 5 ± 0 . 2 5 - 2 . 5 ± 0 . 2 5 
- 2 . 2 ± 0 . 2 5 - 2 . 1 ± 0 . 2 5 

- 1.45 ± 0 . 2 - 1 . 4 4 ± 0 . 2 

- 2 . 8 5 ± 0 . 4 - 2 . 7 ± 0 . 3 5 

+0.31 ±0 .17 +0.31 ± 0 . 1 7 
+ 0 . 2 4 ± 0 . 3 2 + 0 . 2 6 ± 0 . 3 1 
+ 0 . 7 4 ± 0 . 4 1 + 0 . 7 6 ± 0 . 3 5 
+ 1.65/+0.49 + 1.65/+0.50 
- 0 . 0 9 ± 0 . 0 9 - 0 . 0 7 ± 0 . 0 9 
+ 0.61 ± 0 . 0 6 + 0 . 6 2 + 0 . 0 5 
- 0 . 1 4 ± 0 . 0 9 - 0 . 1 1 ± 0 . 0 8 
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Table V (Continued) 

No. Name Main 
ref. 

Spectral 
type 

JilJiQ R/RQ log^ : Mv 

(published) 

MBOI MBOI 

acc. to(2) 
• MBOI 

i acc. to mass-lum.rel. 
(31b) (31a) 

73 99 Her A [5] F7 V 1.18 | + 4 . 0 4 ; r + 3 . 9 9 ^ 
+ 3.75 | + 4 . 0 4 

t + 4 . 0 2 [10p 
+ 3.75 

74 WZ Oph A [13]-[9] F8 V 1.13 ± 0 . 0 4 1.33 4.24 ± 0 . 0 2 + 3.8 + 3 . 8 7 + 3 .95+0.17 
75 WZ Oph B [13]-[9] F8 V 1.11 ± 0 . 0 4 1.36 4.21 ± 0 . 0 2 + 3.7 + 3.82 +4 .03 
76 £ Cnc A [5] F8 V 1.00 - - ; +4 .51 + 4 . 4 6 - + 4 . 5 4 
77 £ 6 4 8 A [5] GOV 1.95 - - ! + 3 . 9 7 - + 1.40 
78 CHer A [20] GO IV 1.22 - - + 3.64 + 3.53 
79 n Cas A [5] GOV 0.87 - - + 4 . 6 7 +4 .61 [10] - + 5.24 
80 9 Pup A [5] GOV 0.56 - - ; + 4 . 8 _ + 7.68 
81 26 Dra A [5] G l V 1.1 - - | + 4 . 4 9 + 4 . 4 2 [10] - " + 4 . 2 0 

82 a Cen A [19] G2 V 1.06 _ ! r + 4 . 5 
+ 4.26 [19] 

t + 4 . 3 6 [10] i + 4 . 2 9 [10P 
+ 4.26 

83 UV Leo A [9] G2 V 1.02 ± 0 . 0 4 1.09 4.36 ± 0 . 0 2 + 4 . 5 7 + 4 . 4 5 + 0 . 2 
84 Sun G2 V 1.00 1.00 4.44 + 4.87 + 4 . 7 9 + 4 . 5 4 
85 UV Leo B [9] G2 0.95 ± 0 . 0 4 1.05 4.37 ± 0 . 0 2 + 4 . 6 5 + 4 . 8 1 + 0 . 2 
86 rj CrB A [5] G2 V 0.66 - - I + 4 . 6 9 + 4 . 6 2 [10] - + 6.68 
87 85 Peg A [20] G3 V 0.87 - - - + 5.24 
88 L 3062 A [5] G4 1.3 - - + 4 . 6 9 + 4 . 6 0 - + 3.20 
89 TW Cas B [21] G5 IV 0.96/1.1 1.85/2.00 3.94/3.82 + 3.39/3.56 + 4 . 7 5 / + 4 . 0 8 
90 L 3062 B [5] G8 1.9 - - ; +5 .47 + 5.33 _ + 1.50 
91 MM Her A [24] G8 V 1.22 2.8 3.63 + 2 . 8 2 + 3.57 
92 MM Her B [24] G8 V 1.19 1.5 4.16 + 4 . 1 8 + 3.70 
93 E 2173 A [15] G 8 I V - V 1.14 - - + 4 . 5 5 [5] + 4 . 4 8 [ 5 ] + 3.90 
94 27 2173 B [15] G8 IV-V 1.08 - - + 4 . 6 6 [5] ; + 4 . 5 8 [5] ; +4 .17 
95 AR Lac B [9] K0 1.31 ± 0 . 0 7 3.0 3 .60±0 .02 + 2 . 8 4 + 3 .23+0.25 
96 Z Her B [9] K0 1.10±0.03 2.6 3.65 ±0 .01 + 3.14 + 4 .07+0.13 
97 85 Peg B [20] - 0.69 - - - + 6.4 
98 C Her B [20] d K0 0.66 - - _ + 6.5 
99 70 Oph A [19] Kl 0.95 - + 5.70 + 5.54 [5] - + 4.8 

100 { Boo B [5] K4 V 0.72 - - + 7.64 + 6.89 - + 6.2 
101 27 3121 A [5] d K4 0.62 - - ; + 6 . 7 + 6.3 - + 7.0 
102 - 3 4 . 11626 A [5] d K5 0.78 - + 7.0 ; + 6 . 5 - + 5.8 
103 R U UMi B [18] K5 V 0 .6±0 .1 0 .9±0 .1 4.31 ± 0 . 1 8 + 6 . 2 4 + 7 .25+0.9 
104 61 Cyg A [19] K5 0.58 - - + 7.5 - + 7.4 
105 a Cen B [19] K6 0.87 - - + 5.9 - + 5.2 
106 70 Oph B [19] K6 0.69 - - + 7.5 - + 6.4 
107 61 Cyg B [19] K7 0.57 - _ + 8.3 - + 7.5 
108 n Cas B [5] d MO 0.54 - - + 8.42 + 7.35 - + 7.8 
109 - 3 4 ° 11626 B [5] — 0.54 _ + 7.9 i +7 .1 - , + 7 . 8 
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o r 

0 e f f = 0.030 n + 0.015 respec t ive ly , (30b) 

w h e r e the spec t ra l - type i n d i c a t o r n is e q u a l t o 5 for B0 V a n d increases t o n= 15 for 

AO V. 

F o r m u l a (30a) gives t h e t e m p e r a t u r e s a c c o r d i n g t o Schi ld et al. (1971) a n d f o r m u l a 

(30b) a c c o r d i n g t o f o r m u l a (29b) in w h i c h A u e r en M i h a l a s ' (1972) resul ts a r e in

c luded . F o r t he AO V a n d la te r t y p e s ta r s m e a n effective t e m p e r a t u r e s were d e t e r m i n e d 

f r o m the d a t a p u b l i s h e d by J o h n s o n (1962a) , K e e n a n (1963) , M o r t o n a n d A d a m s 

(1968) , a n d S c h m i d t (1972) . 

W i t h these t e m p e r a t u r e s Mhol is ca lcu la ted a c c o r d i n g t o f o r m u l a (2) for t hose s ta r s 

o f w h i c h the radi i a re k n o w n excep t for V 444 C y g B, U W C M a A a n d B , AO C a s A 

a n d B . F o r t he la t te r s t a r s n o re l iable t e m p e r a t u r e s a r e t h o u g h t t o b e ava i lab le . T h e 

ca l cu l a t ed M b o l va lues a r e g iven in t he 10th c o l u m n of T a b l e V . 

F o r t he 70 c o m p o n e n t s of ec l ips ing b inar ies the m a s s - l u m i n o s i t y r e l a t ion cou ld be 

r ep resen ted as fol lows if E q u a t i o n (30a) is u s e d : 
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M b o l = 4 .54 - 11.54 l o g ^ M ' o + 2.41 l o g 2 ^ / ^ 0 , (31a) 

if E q u a t i o n (30b) is u s e d : 

M b o I = 4 .54 - 11.45 l o g ^ A ^ 0 + 2 .05 l o g 2 ^ / ^ Q . (31b) 

W i t h these r e l a t ions a b s o l u t e b o l o m e t r i c m a g n i t u d e s w e r e ca lcu la t ed for t he 48 
c o m p o n e n t s of a s t r o m e t r i c b ina r i e s a n d for t he first five s ta r s g iven in c o l u m n 11 of 
T a b l e V. A t p r e s e n t n o de ta i l ed conc lu s ions c a n b e d r a w n f r o m t h e differences be tween 
t h e p u b l i s h e d a n d ca l cu l a t ed Mhol va lues . M u c h m o r e re l iable o b s e r v a t i o n s of Mv 

a n d (U—B)0 va lues a r e necessa ry a n d a t t he s a m e t i m e t h e d e t e r m i n a t i o n of such a 
mass - l uminos i t y r e l a t i o n h a s t o b e d o n e in a m u c h m o r e refined w a y . T h e uncer t a in t i e s 
in t he h o t p a r t o f th i s emp i r i ca l m a s s - l u m i n o s i t y r e l a t i on c a u s e r a t h e r l a rge differences 
in t he very coo l p a r t o f th i s r e l a t ion . H o w e v e r in t he cool p a r t of t h e r e l a t ion u p t o 
s t a r N o . 112 of T a b l e V th i s emp i r i c a l m a s s - l u m i n o s i t y r e l a t i on gives q u i t e r e a s o n a b l e 

F r o m the e x t r a p o l a t e d Mhol t h e effective t e m p e r a t u r e s o f V 444 C y g B ( 0 6 ) a n d 
AO C a s B ( 0 9 I I I ) a r e 3 4 0 0 0 K a n d 3 1 0 0 0 K respect ively a c c o r d i n g t o e q u a t i o n (31b) 
a n d 3 0 0 0 0 K a n d 2 8 0 0 0 K respect ively a c c o r d i n g t o E q u a t i o n (31a) . F o r c o m p a r i s o n : 
A u e r a n d M i h a l a s find for H D 54662 (06 .5) : 4 1 0 0 0 K , for S M o n ( 0 7 V f ) : 3 9 0 0 0 K 
a n d for I Or i ( 0 8 I l l f ) : 37 500 K . 
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D I S C U S S I O N 

Schild: T h e Q—0tff re la t ion publ i shed in the con t r ibu t ion by D r s Pe terson a n d O k e and myself shows 
a l inear re la t ion reminiscent of y o u r l inear (U—B)o—6tff r e la t ion . 

O u r Q—0eff re la t ion m a k e s use of the mos t rel iable avai lable d a t a for these s tars r a the r t han a n aver
age based u p o n all pub l i shed values . M o s t of the s tars for wh ich we m e a s u r e d energy d i s t r ibu t ions 
a r e in the list of secondary s t a n d a r d s of t he UBVsystem, as publ i shed by H a r r i s a n d J o h n s o n (1961 o r 
1962). I therefore believe tha t o u r UBV p h o t o m e t r y is free of sys temat ic effects a n d should have 
negligible r a n d o m e r ro r s . 

I should l ike t o m a k e a final c o m m e n t wi th which I expect concu r r ence f rom b o t h D r Hein tze a n d 
Prof. Pecker . In m y exper ience of der iv ing a n effective t e m p e r a t u r e scale based u p o n detailed energy 
d i s t r ibu t ion c o m p a r e d t o b l anke ted stellar mode l s , a n d in m y c o m p a r i s o n of the effective t empera tu re 
scale with the w o r k s of o the r s based u p o n different d a t a a n d m o d e l s , I find t h a t the difference be tween 
effective t e m p e r a t u r e scales a p p e a r t o be less t h a n the p r o b a b l e sys temat ic e r r o r s of these scales. A s 
we have seen best f rom the resul ts presented by Prof. C o d e , large d iscrepancies still exist between 
observed a n d mode l -p red ic ted far U V fluxes, a n d these differences will cause e r r o r s in o u r bo lomet r i c 
cor rec t ions far larger t h a n o u r effective t e m p e r a t u r e scales wou ld lead us t o expect . 

I p ropose tha t we concen t r a t e o u r efforts u p o n der iv ing b o l o m e t r i c co r rec t ions a n d then effective 
t empera tu res , f rom direct m e a s u r e m e n t s of far U V fluxes such as those presen ted by Prof. C o d e . T h e 
spacecraft in o rb i t , a n d o the r s be ing p r epa red as well as a n a l ready large a m o u n t of avai lable U V 
da ta , m a k e it possible for m o s t a s t r o n o m e r s to use far U V d a t a w i t h o u t becoming specialists in 
spacecraft i n s t rumen ta t i on . F u r t h e r m o r e , as no ted by Prof. C o d e , use of U V d a t a is the only way to 
de te rmine t empera tu re s of the ho t tes t s ta rs , for which the concep t of effective t empera tu re b reaks 
d o w n . 

Divan: Remarques sur la definition des discontinuites de Balmer de la spectrophotomeirie B C D . 
Theor iquemen t , si Xo es t la l ongueur d ' o n d e a laquelle se p rodu i t la d iscont inui ty d e Balmer , D = log 
( / A 0 + / / A 0 - , h0+ et / A 0 - e t an t les intensi tes d u r a y o n n e m e n t con t inu a la longueur d ' o n d e Xo d u cote rouge et 
d u co te bleu d e la d iscont inui ty . D a n s la p ra t ique , p o u r les r a y o n n e m e n t s stel laires, la d iscont inui ty de 
Ba lmer ne se p r o d u i t pas a u n e longueur d ' o n d e bien definie Xo; elle a p p a r a i t progress ivement sur un 
intervalle d e longueurs d ' o n d e p lus o u m o i n s large et se t e r m i n e du cd te u l t raviole t a une longueur 
d ' o n d e A'o, var iab le d ' u n e e toi le a l ' au t re , ma i s tou jours plus g r a n d e q u e la l imi te theor ique ^o = 3647 
A. O n est d o n e condu i t a d o n n e r de D u n e definit ion a r b i t r a i r e : 

D = lOg ( /3700+/ /3700- ) . 

La valeur X = 3700 A a e te chois ie ca r a cet te longueur d ' o n d e la d iscont inui ty de Ba lmer de la p lupa r t 
des etoiles est deja t e r m i n e e ; le c o n t i n u u l t raviole t est a lo r s obse rvab le et Ton peu t mesure r sans dif
ficulty / 3 7 0 0 - , a cond i t i on q u e le p o u v o i r de reso lu t ion d u de tec teur uti l ise ne soit p a s t r op faible. 

La difficulty reside d a n s la d e t e r m i n a t i o n d e / 3 7 0 0 + , ca r le con t i n u visible cesse genera lement d 'e t re 
observab le en t re les ra ies spect ra les des X = 4000 A m e m e p o u r les e toi les B et A , et il faut l ' ex t rapoler 
d e 4000 a 3700 A. L a va leur precise t rouvee p o u r D dypend de la m a n i e r e d o n t ce t te ex t rapo la t ion est 
faite, et si Ton veut c o m p a r e r les va leurs d e D donnees p a r u n e gri l le d e modyies aux valeurs observees 
o n doi t d a n s les deux cas faire l ' ex t rapo la t ion de la m e m e m a n i e r e ; e 'est p o u r q u o i n o u s d o n n o n s ici 
que lques precis ions sur la p r o c e d u r e uti l isee d a n s la spec t ropho tomyt r i e B C D . 

Les ope ra t i ons se passen t en deux t e m p s : 
(a) p o u r c h a q u e e toi le o n de t e rmine la difference A D en t re sa d iscont inui ty de Ba lmer et celle d ' u n e 

etoi le e t a lon ; 
(b) le ziro de Vechelh a insi o b t e n u e est de te rmine a l ' a ide d ' u n e seule e to i le , b i en choisie , d o n t o n 

mesure d i rec tement la d iscont inui ty d e Ba lmer sur Fenregis t rement m i c r o p h o t o m e t r i q u e d ' u n spectre 
a g r ande dispers ion, ca l ib re en intensi ty. 

L ' o p e ra t i on (a) telle q u e n o u s la dec r ivons ci-dessous, est justifiee p a r le fait d ' obse rva t ion su ivan t : 
si Ton p o r t e \o%(hlh) en fonct ion d e 1/X p o u r deux etoiles O o u B d e t e m p e r a t u r e s differentes ma i s 
n o n rougies , d a n s le d o m a i n e 6200-4000 A ou le con t i nu est obse rvab le o n ob t ien t des poin ts al ignes 
sur une d ro i t e . L ' ex t r apo l a t i on d e cet te d ro i t e de 4000 a 3700 A d o n n e la difference AD en t re les 
d iscont inui tes de Ba lmer des deux etoi les . P o u r les etoi les A et F o n o p e r e de la m e m e facon m a i s le 
d o m a i n e spectral doi t e t re redui t a Tintervalle 4600-4000 A (au de t r iment de la precision sur AD) car 
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les po in t s si tues au-de la de 4600 A n e se p lacent plus sur la d ro i te . N o u s insis tons sur le fait que l 'ext ra-
po la t i on n e se fait pas sur la fonct ion l o g / = / ( l / A ) qu i est t res lo in d 'e t re une d ro i t e e t ne p o u r r a i t 
d o n n e r q u ' u n e definition c o m p l e t e m e n t a rb i t r a i r e des d i scont inu i tes , ni m e m e sur la fonct ion log 
[I/Bk(T)] que Ton ne peut de t e rmine r q u e p a r des c o m p a r a i s o n s d ' u n e e toi le a u n co rps no i r te r res t re , 
c o m p a r a i s o n s si difficiles a real iser <jue les d iscont inui tes ainsi ob t enues o n t e n c o r e u n e m a r g e d ' in-
ce r t i tude re la t ivement g r a n d e . T o u t ce qu i p recede ne conce rne q u e les e toi les sans roug i ssement inter
stel laire. D a n s le cas genera l (etoiles rougies) la re la t ion l og ( /2 / / i ) = f(l M) n 'es t pa s l ineaire e t la s imple 
ex t r apo la t ion precedente n e peu t p lus e t r e fa i te ; on peut cependan t e n c o r e ca lculer le AD que Ton o b -
servera i t en l 'absence de m a t i e r e in ters te l la i re si Ton conna i t la fo rme de la loi d ' a b s o r p t i o n p o u r les 
deux Etoiles e t u n e valeur a u m o i n s a p p r o x i m a t i v e de leur roug i ssement . P o u r les d i scont inui tes de la 
classification B C D , ce calcul est tou jours fait ca r c'est a cet te c o n d i t i o n seu lement q u e le p a r a m e t r e D 
est reel lement i ndependan t d u roug issement in ters te l la i re ; il est c o n d u i t de m a n i e r e a ut i l iser l ' ensemble 
d e t o u s les po in t s d u d o m a i n e 6200-4000 A p o u r evi ter la pe r t e de prec i s ion sur AD qu ' en t r a ine ra i t la 
r educ t ion d u d o m a i n e spectra l a u pet i t in terval le dans lequel la loi d ' a b s o r p t i o n inters tel la i re est sen-
s ib lement l ineaire en 

L ' o p e r a t i o n (b) a 6t6 r6alisee su r des spectres (d ispers ion 40 A m m - 1 ; d o m a i n e spect ra l 6 2 0 0 -
3000 A) de e O r i . Ce t te supe rgean te B0 a e te chois ie a la fois p o u r la finesse d e ses ra ies (sur les spectres 
utilises le con t inu visible est obse rvab le j u s q u e vers 3850 A) et p o u r la faible va leur de sa d iscon
t inui ty de Balmer . Cet te faible valeur de D r edui t la m a r g e d ' e r reu r poss ib le en faci l i tant 1'extrapola-
t i on sur les enregis t rements m i c r o p h o t o m e t r i q u e s du c o n t i n u vis ib le : celui-ci do i t en effet presenter 
a 3700 A une t empe ra tu r e de cou leur (done , sui les enreg is t rements , une pente) t res vois ine de celle 
d u c o n t i n u ul t raviolet , ce qu i n e serai t p a s d u tou t le cas p o u r u n e e to i le a g r a n d e d i scont inu i te . L ' in -
ce r t i tude sur la valeur de D p o u r s Or i semble ainsi e t re seulement e n v i r o n ± 0.005. 

U n e incer t i tude s u p p l e m e n t a l de ± 0.015 sur le z6ro de l 'echelle des d iscont inui tes B C D publ iees 
jusqu ' i c i vient d ' un r a t t a chemen t insuffisant de e Or i a l ' ensemble des e t a lons hab i tue l s ; ce zero n 'es t 
d o n e d6fini q u ' a ± 0.02 p res a lo r s q u e les AD sont c o n n u s en genera l a ± 0.01 p res . U n meil leur ra t 
t achemen t de e Or i pe rme t t r a d e faire d i spa ra i t r e en g r a n d e pa r t i e ce t te incer t i tude supp lemen ta i r e ; le 
t rava i l est en cours . 

II resul te d e t o u t ceci q u e si Ton veut c o m p a r e r les d i scon t inu i tes d e la classification B C D a u n e 
gril le de modeles il y a in tere t , a de t e rmine r une echelle relat ive des d i s c o n t i n u i t y de la grille p a r la 
merne m£ thode que dans les obse rva t ions , e 'est-a-dire en c o m p a r a n t c h a q u e m o d e l e de la grille a l 'un 
d ' en t r e eux et en ex t r apo lan t les \og(h/Ii) ob t enus de 4000 a 3700 A. O n peut ensu i te c o m p a r e r les 
d iscont inui tes individuelles des mode les aux d iscont inui tes observees , m a i s en se r appe lan t les in
cer t i tudes inheientes a la defini t ion d u ze ro des echelles de d i scont inu i tes . 

Remarque. Les m£thodes decr i tes p o u r l ' ex t rapola t ion d u c o n t i n u sous les dernieres raies de la sei ie 
de Ba lmer peuvent servir £galement a de t e rmine r le c o n t i n u sous u n e r a i e o u u n e b a n d e la rge ; pa r 
exemple , o n peut de te rmine r le c o n t i n u d ' u n e etoi le roug ie sous la b a n d e 4430 en p r e n a n t sur la m e m e 
p l a q u e le spectre d ' u n e Etoile n o n roug i e d e type vo i s in ; a pa r t i r des va leurs de \og(h/h) en dehors de 
la b a n d e et d u con t inu de la deux ieme e to i le o n peut recons t i tuer celui de la p remie re . 

Van den Bergh: C o u l d D r F i tzgera ld p e r h a p s c o m m e n t o n the p r o p o s e d revis ions of the intr inisic 
U—BvsB— V re la t ion fo r m a i n sequence s ta rs . T h i s po in t is i m p o r t a n t because t h e p r o p o s e d revisions 
a r e par t icular ly large in the reg ion —0.5 < U—B < 0.0 which is used t o o b t a i n the r edden ing of g lobula r 
c lus ters via observa t ions of cluster ho r i zon ta l b r anch s tars . W i t h t he p roposed n e w intr insic co lour -
co lou r re la t ion ha lo clusters t h a t a r e n o w regarded as un reddened wou ld h a v e EB-V » 0.03. 

Fitzgerald: T h e co lours p resen ted by He in t ze for (U—B)o < 0 .00 a r e cons is ten t wi th m y co lours . A t 
m o s t they differ systematical ly by 0.02 t o t he ul t raviolet in (B— V)o. Th i s a m o u n t is wi th in as yet u n 
de te rmined in t i ins ic scat ter of t he two-co lour re la t ion for class V s ta rs . T h i s sca t ter a n d the real 
va lues of (B— V)o should b e de t e rmined f rom cluster s tudies . F o r t he co lou r s (U— B)o>0 Hein tze ' s 
sequence is f rom Wes te r lund ' s 1963 list of ' b lues t ' s ta rs . A g a i n because of in t r ins ic scat ter , ' b lues t ' 
s t a r s shou ld not be used. P lo t s of (B— V) vs mv a r e able to give g o o d (B— V)o if a few s ta rs of given spec
t r a l class a r e un reddened . T h i s was the p r o c e d u r e I used for AO V s ta r s a n d la ter for s ta rs later t h a n 
AO V a n d I see n o reason t o c h a n g e m y co lou r s , (given in Astron. Astrophys. 4 ) . 

T h e (U—B)o co lours of O-s ta rs s h o w a n a p p a r e n t t u r n t o w a r d smal le r negat ive values . This t u rn a p 
p e a r s t o rely p e r h a p s t o o m u c h o n t h e very y o u n g clusters . If t h e (B— V)o c o l o u r s based o n 7 visual 
b inar ies a r e correc t , then the t u r n off referred to above is in a p p r o x i m a t e agreement with the two-
co lou r reddening lines. 
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Note added after meeting. F o r the int r ins ic co lours of s tars la ter t h a n a b o u t B8 the co lours indicated 
by Hein tze represent a n envelope a r o u n d the observed co lours . T h e in t r ins ic co lou r s as a funct ion of 
spectral type have a cosmic sca t ter in t h e m as d e m o n s t r a t e d in a n ear l ie r p a p e r (F i t zGera ld , 1970, 
Astron Astrophys. 4 , 234,) , so envelopes a r o u n d the observed co lour s shou ld n o t be used for m e a n in
tr insic co lours of class V s ta r s . A t presen t I see n o reason t o change the c o l o u r s for s tars la ter t h a n 
B8 f rom those given in the p a p e r c i ted above . 

Hauck: I agree with y o u r c o m m e n t conce rn ing the inhomogene i ty of the p h o t o m e t i i c d a t a ; it is no t 
only the case for the U B V sys tem! I t wou ld be urgent t o ask observers for m o r e h o m o g e n e o u s da t a . 
Pe rhaps a by-produc t of the B lanco et al. ca ta logue is the a s t r o n o m e r ' s var iabi l i ty m o r e t han s tar ' s 
variabil i ty. 

Garrison: I wou ld l ike t o m a k e t w o general c o m m e n t s conce rn ing t h e use of observa t iona l da t a for 
t r ans fo rmat ion t o theore t ica l p a r a m e t e r s . F i rs t , we as sume tha t by t ak ing m e a n s of m a n y observers , 
we improve the accuracy . I wou ld l ike t o suggest tha t by submi t t ing t o this ' t y r a n n y of the m e a n ' we 
usual ly decrease the accuracy . Th i s is because of difficulties of t r an s fo rma t ion t o a c o m m o n system, 
as well as t o observa t iona l e r ro r s . If I were interested in such a ca l ib ra t ion , I wou ld choose o n e careful 
observer w h o has observed a large s amp le a n d ca l ib ra te his sys tem a n d filters, because the internal 
accuracy would be higher . 

T h e second c o m m e n t is tha t , t o o often, it is a ssumed tha t the re is a u n i q u e r e l a t ion between spectral 
type a n d co lou r a n d t h a t o n e o r the o the r is ' w r o n g ' if they d o n ' t agree . In such a re la t ion , the spread 
is greater t h a n the accep tab le e r r o r s in e i ther . A n ex t reme example is t h e Bp class of s tars . T h e spectra 
a r e slightly pecul iar a n d the difference between the spec t rum a n d the c o l o u r gives a n add i t iona l piece 
of in fo rmat ion . But , the re a r e o the r examples in which the spect ra a r e n o r m a l , bu t significantly dif
ferent f rom the co lours . W h e n co lours a n d spect ra a re different, m o s t spect roscopis ts k n o w bet ter 
t h a n t o say tha t the co lou r s a r e w r o n g , a n d some pho tome t r i s t s have lea rned n o t t o conc lude tha t the 
classification is wrong . T h e y a r e j u s t different. 

Jaschek: I wou ld like t o wr i te d o w n a few figures t o pin d o w n wha t G a r r i s o n said before. The re does 
no t exist such a th ing a s the in t r ins ic co lour of a given spectra l type . I n ear ly 2?*type s tars , classified 
by a single a s t r o n o m e r , usual ly the dispers ion is of the o rde r of 0 W 7 in (U—B)o. Th i s is no t s imply a 
ques t ion c o m i n g in because of the use of spectral t ype ; if we ana lyse only t he co lou r s , we find tha t for 
a given (B— V) co lour w e get (for A type dwarfs) a dispers ion of a b o u t 0 I ?04. There fore one should n o t 
th ink of the m a i n sequence as be ing a curve , bu t r a the r a b a n d . T h e Q m e t h o d which is often used, 
assumes implici t ly, tha t there exists such a curve a n d shou ld therefore be used very caut iously . (The 
resul ts quo ted here a r e f rom a pape r by the Jaschek ' s in IAU Symp. 50. ) 

Schild: Y o u r es t imated int r ins ic p lus observa t iona l scat ter in (U—B)o for ear ly type s tars is really an 
u p p e r l imit to the t rue va lue , s ince y o u r der iva t ion assumes all s ta rs of given spect ra l type to have the 
s a m e (B— V)o; t he well k n o w n scat ter of several h u n d r e d t h s in in t r ins ic (B— V) a t given spectral types 
immedia te ly implies a n even grea ter scat ter in intr insic U—B. T h e p rocedure of de- reddening all s tars 
of given spectral type t o a single va lue of (B— V)o guaran tees a n in t r ins ic sca t ter of several h u n d r e d t h s 
in (U—B)o even if the re a r e n o e r r o r s in p h o t o m e t r y o r spectral classification. 

Schmidt-Kaler: I have a r e m a r k a n d two ques t ions . F i rs t the r e m a r k : I did a lmos t exactly the same 11 
yr ago (cf. Astron. Nachr. 286,113 a n d L a n d o l t Borns te in , 1965). T h e resu l t ing in t r ins ic co lours have 
been given in the Lando l t -Borns te in tables . T h e difference in p r o c e d u r e m a y have been , e.g. t o re ta in 
t he quad ra t i c t e rm, t o use only rel iable series of UB Vmeasurements l ike, of course , Hi l tne r ' s , t o check 
o n res idual r edden ing of appa ren t ly b lue un reddened stai s by m e a n s of m e a s u r e m e n t s of interstel lar 
po la r iza t ion etc . I have jus t m a d e a qu ick check of the (U—B)o vs (JB— V)o re la t ion a n d I find full agree
m e n t wi th you r results wi th in a t m o s t ± 0.01 for the B 5 - A 0 s t a r s ; for t h e ear l ier types m y (U— B)os 
a r e ca . 0 I ?06 redde r t h a n your s for a given (B— V)o bu t still b luer t h a n J o h n s o n ' s for a given spectral 
type . This difference is p r o b a b l y d u e t o the different t r ea tmen t of the inters tel lar r edden ing quad ra t i c 
t e r m . Rega rd ing the scat ter of t he U— B's I migh t say tha t we observe U—B t o , say, ± O^OOS, bu t we d o 
n o t k n o w whe the r we a r e exact ly o n J o h n s o n ' s system. Th i s is d u e t o the fact t h a t J o h n s o n h a d the 
ul t raviolet cut-off by t he a t m o s p h e r e , a n d since the height of t he observa tor ies a b o v e sea level is dif
ferent, in general , the re r e m a i n s s o m e basic ambigui ty in the U—B defini t ion. 

I have n o w two ques t ions t o you as a theore t i c ian : Firs t ly - since I have deal t wi th qui te a few 
spec t ra : D o you have a receipe t o d r a w the c o n t i n u u m ? 

Secondly : T h e t empera tu r e s of B-stars you gave a re ' cool ing off', so does a lso the to ta l energy ou t 
p u t ? This would be very i m p o r t a n t for stellar evolu t ionary cons idera t ions . 
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Heintze: N o t feeling like a theore t ic ian I shou ld say in general n o . F o r the ho t B type s tars a very 
g o o d first a p p r o x i m a t i o n is t o d i a w by eye o r by c o m p u t e r a m e a n l ines t h r o u g h the gra in iness of the 
m i c r o p h o t o m e t e r t race . Only the very weak lines will be missed in th is way. 

These weak lines could be found by supe rpos ing several spectra of the s ame s tar o n each o ther by 
c o m p u t e r . T h e t races have t o be made* wi th a m i c r o p h o t o m e t e r - c o m p a r a t o r wi th h igh pos i t iona l ac 
curacy which gives the intensi ty of the s p e c t r u m (in a relative scale) a s a funct ion of p la te pos i t ion . 
Such a mach ine , buil t by F a u l - C o r a d i , Sco t land , is jus t instal led a t the U t r ech t O bse r va to r y ; ( the 
m i n i m u m step size is one m i c r o n ) . I t h ink each spec t rum has t o be spl i t ted up in pa r t s wi th at any case 
a t b o t h ends a spectral l ine of which the cen t re c a n be de te rmined r a t h e r accura te ly f rom the profile. 
T h e spec t rum intensit ies of t he different spec t ra a t the pos i t ions where the intensi t ies will be added 
have in general t o be found by in t e rpo la t ion between two successive measu red po in t s laying at bo th 
sides of the ' add ing ' -pos i t ion . A l inear i n t e r p o l a t i o n is possible if the d is tance be tween t w o successive 
measu remen t s is small e n o u g h (on low d ispers ion spect ra wi th h igh reso lu t ion a few m i c r o n , on high 
d ispers ion spectra 10-50 / / ) . 

I t seems t o m e tha t this p r o c e d u r e can be used a lso for spect ra of la ter type s ta r s . It is qu i te well 
possible tha t windows (par t s in the spec t rum wi thou t lines) will s h o w u p m u c h m o r e clearly in this 
way. 

I d o n o t k n o w h o w m a n y spec t ra will be necessary; pe rhaps 5-10. Wheneve r long exposure t imes 
a re possible m u c h can a l ready be d o n e by widen ing the spect ra to 0.5 o r even 1 m m . 

A check whether the c o n t i n u u m a b o v e symmet r i c lines wi th ex tended wings is d r a w n correct ly is 
poss ib le by superpos ing on each o the r t he long- a n d shor t wave length pa r t of the l ine (plot ted on 
t r a n s p a r a n t semi- logar i thmic paper , o n e p a r t being m i r r o r e d agains t wavelength) . T h e red a n d violet 
re la t ive intensit ies a t each d i s tance AX f r o m the cent re have t o be the s ame . If n o t a correc t ion can 
easily be found now. 

I n this way also the po in t where the H- l ines s tar t t o confluence can be found . G o i n g one by one to 
h igher m e m b e r s of the Ba lmer series by example it is possible in this way to find the c o n t i n u u m above 
the confluencing Balmer l ines. T h e po in t 1/X = 2.4 n~x(X = 4167 A; see Sect ion 1.6.2 of m y paper ) is 
chosen such tha t n o difficulties caused by the b lending of the Ba lmer lines a r i se . 

O n l y the effective t empera tu re s of the 0 9 a n d the early B type s ta rs a r e n o w general ly believed t o 
be less t h a n acco rd ing to the M o r t o n a n d A d a m s ' (1968) scale. If n o o the r fo rms of energy t r anspo r t 
t h a n r ad ia t ion a r e work ing then indeed the to ta l energy ou tpu t of these s ta rs h a s d imin i shed a t the 
s a m e t ime . 

A r o u n d AO V however the effective t empe ra tu r e s a i e n o w believed t o be a l i t t le bi t h ighe r : 10000 
K ins tead of 9 5 0 0 K . 

Keenan: So m u c h has been said a b o u t t he re levance of spectral types tha t it shou ld be r e m e m b e r e d 
t h a t a l t hough the p h o t o m e t r i c indices often have m u c h smal ler e r r o r s , f requent ly they d o no t dis t in
guish between the physical var iab les as well as spectral types can - p rov ided tha t the spect roscopic 
observer is careful t o poin t o u t all t he pecul iar i t ies tha t he c a n see o n the spec t rog rams . 

Jaschek: I agree comple te ly wi th D r . K e e n a n a n d would only like t o a d d tha t the values I gave refer 
t o dwarfs , which a re recognized as such by spect roscopy. Therefore we a re n o t us ing all the spect ros
cop ic in format ion avai lable . T h e a d v a n t a g e consis ts of course largely in the possibil i ty of sor t ing out 
every th ing which is n o t w h a t y o u w a n t ( i .e. m a i n sequence s tars) . 

Maeder: I have a c o m m e n t a b o u t the scat ter , a b o u t which y o u a r e qu i t e r ight , i .e. t he scat ter be
tween the different UBV m e a s u r e m e n t s of t he s ame s tar by different a u t h o r s . A t least a pa r t of this 
sca t te r comes f rom neglect ing t he co lou r - t e rms in the reduc t ion for a t m o s p h e r i c ex t inc t ion , as has been 
descr ibed by Rufener (1964, Publ. Obs. Geneve 66). 

Crawford: I feel the d ispers ion t h a t J a schek finds is small r a the r t h a n large , in l ight of t he difference 
in (U—B)o be tween spectral types . R e m e m b e r tha t spectral type is a quan t i zed p a r a m e t e r ; (U—B)o is 
n o t . Therefore a u n i q u e (£/—2?)o does n o t exist for a n y g iven spect ra l type for t h a t r e a s o n a lone . 

T h e luminosi ty effects o n the Ba lmer j u m p (or on (U—B)o) t ha t Miss D i v a n m e n t i o n e d earlier, a n d 
w i th which I agree , a lso fuzz u p the re la t ion , if the s tars you a re averag ing o r p lo t t ing , a r e no t of the 
s a m e age. I n a cluster , this sp read is smal l , a n d the (U—B)/(B— V) re la t ions ( f rom h o m o g e n e o u s da t a , 
i .e. n o t averaged) have very little scat ter . 

Fitzgerald: I t hough t it m igh t be re levant t o discuss briefly the in te rna l consis tency of the 'polyglo t ' 
of the observa t ions in the Blanco-Demers -Douglass -F i t zge ra ld Photoe lec t r i c C a t a l o g u e ( B D D F ) . In 
a p a p e r to be publ ished in A s t r o n o m y a n d Ast rophys ics Supp lemen t Series I have ana lysed the in ter
na l consistency of observa t ions of s tars observed two or m o r e t imes . Of the 20705 s ta rs in B D D F 
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a b o u t 7000 have two or m o r e observa t ions . Of these 532 have d i scordan t resul ts in o n e or m o r e of V, 
B— V, U—B, or be tween co lou r a n d spect ra l - luminos i ty class. These d iscrepancies have been excluded 
f rom the following analys is . (They a r e listed in the Astronomy and Astrophysics Supplement Series 
art ic le) . T h e discrepancies a r e a t t r i bu t ab l e to t ranscr ip t ion e r ro r s ( 1 0 % ) , c o n t a m i n a t i o n in visual b inary 
s tars ( 1 6 % ) , var iables ( 2 2 % ) , r e p o r t e d p h o t o m e t r y ( 5 3 % ) , a n d classification o r p h o t o m e t r y ( 1 5 % ) 

T h e resul t ing s t a n d a r d dev ia t ions f rom the m e a n magn i tudes a n d c o l o u r s were fo rmed as a funct ion 
of reference n u m b e r a n d spectral class. These a re shown in F igures 1 a n d 2 respectively of the Astron-
omy and Astrophysics Supplement Series ar t ic le . In figure one we p lo t the n u m b e r of references hav ing 
a cer ta in s t anda rd dev ia t ion f rom the m e a n (a) versus o for references w i th 15 o r m o r e stars in c o m 
m o n wi th o ther references. 

Obvious ly some references give p o o r p h o t o m e t r y . T h e s t a n d a r d dev ia t ions for each reference will 
be given in the Astronomy and Astrophysics Supplement Series a r t ic le by reference n u m b e r (in o rde r 
t o preserve anonymi ty ) . T h e s t a n d a r d devia t ions as a j unc t i on of spec t ra l class clearly show the greater 
t endency of M a n d C a r b o n s ta rs t o be var iab le . Possibly O s tars a r e a lso va r i ab le bu t he re the n u m b e r 
of O s tars wi th obse rva t ions in c o m m o n is only 20. (Perhaps o the r observers shou ld reobserve s o m e 
of the O stars to improve these statist ics). 

O n average the consis tency be tween magn i tudes a n d co lours is cons iderab ly bet ter t h a n I expected, 
bu t m o r e t han might be des i red . T h e average s t anda rd dev ia t ions f rom the m e a n para l lax obse rva tons 
(excluding the discrepancies) is ± 0 . 0 1 5 in V, ± 0 . 0 1 1 in fl-Fand ± 0 . 0 1 6 in U—B. 
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