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Abstrac t . W e p ropose , in several t ab les , a n u m b e r of s ta r s selected t o be observed b o t h by p h o t o -
metr is ts , spectroscopis ts , a s t romet r i s t s . Proper t ies of selected s tars a re discussed. 

1. Definition of the ' H R Standard 9 Star 

I n a s t r o n o m y we a r e fami l ia r wi th several k i n d s of ' s t a n d a r d ' s t a r s , for i n s t a n c e : 
s t a n d a r d s ta rs for spec t ra l c lassif icat ion, t h o s e des t ined to define t h e scales of m a g ­
n i t udes a n d c o l o u r s , s t a r s selected t o define a n a b s o l u t e ene rgy d i s t r i bu t ion , e tc . 
P rac t i ca l c o n s i d e r a t i o n s h a v e of ten d e t e r m i n e d the cho ice o f s t a n d a r d s t a r s : u n i f o r m 
d i s t r i b u t i o n in t he sky, easy ident i f ica t ion , necessi ty t o cover a ce r t a in in terval of 
m a g n i t u d e s o r c o l o u r s . W e p r o p o s e he re , in several t ab les , a n u m b e r of s tars selected 
t o be obse rved by p h o t o m e t r i s t s , spec t roscop i s t s a n d a s t r o m e t r i s t s . T h i s list is of 
cou r se n o t exhaus t ive . W e will hence fo r th n a m e t h e s ta rs o f o u r list ' H R s t a n d a r d ' 
s t a r s . I n d e e d , t he objec t is t o g a t h e r a sufficient a m o u n t of o b s e r v a t i o n s o n e a c h o n e 
of these s ta r s t o a l low t h e prec ise fit t ing of s tel lar m o d e l s l iable t o give u s t he a b s o l u t e 
m a g n i t u d e Mv9 t he g rav i ty l o g # , t he effective t e m p e r a t u r e T e f f , t h e chemica l c o m p o s i ­
t i o n / . It w o u l d be idea l t o d i spose of these i n f o r m a t i o n s for typ ica l s t a r s d i s t r ibu ted 
t h r o u g h o u t a t h r e e - d i m e n s i o n a l H R d i a g r a m (Mv, T e f f , i). T h e t h r e e phys ica l p a r a m ­
eters Mv, T e f f , x a r e genera l ly o b t a i n e d by m e a n s of ind i rec t m e t h o d s , very often 
pho tome t r i c a l l y . O n e m u s t t h u s b e a r in m i n d t h a t t he p h o t o m e t r i c q u a n t i t i e s such as 
m a g n i t u d e s , indices , c o m b i n a t i o n s of indices , d e p e n d in n o negl ig ible m a n n e r o n 
mul t ip l ic i ty , r o t a t i o n a l veloci ty of t he s ta r obse rved , o n t h e q u a n t i t y of in ters te l lar 
m a t t e r a n d o n the ex t inc t ion law. C o n s e q u e n t l y , ca re m u s t be g iven t o a v o i d the use as 
' H R s t a n d a r d ' o f s t a r s h a v i n g pa r t i cu la r i t i e s l iable t o i n t r o d u c e e r r o r s in t he p h o t o ­
m e t r i c quan t i t i e s . 

2. Photometric Effects of Binarity, Rotation, Gravity and Chemical Composition 

I n t he fo l lowing d i a g r a m s , F i g u r e l a , b , F i g u r e 2, F i g u r e 3 , F i g u r e 4a , b , c, F i g u r e 
5a, b , we a t t e m p t t o i l lus t ra te t h e dev i a t i ons in c o l o u r t o b e expec t ed for t w o s ta rs 
s l ightly different in spec t ra l c lass , o r in l uminos i t y c lass , o r in c h e m i c a l c o m p o s i t i o n , 
o r in r o t a t i o n a l ve loci ty , o r d u e t o t he fact t h a t o n e of t h e m c a n b e a b ina ry . T h e 
c o n c l u s i o n de r ived f r o m a n i n spec t i on of these d i a g r a m s is t h a t a difference in c o l o u r 
(be tween 3500 A a n d 6500 A) o f ± 0 . 0 2 c a n be c a u s e d b y : 

a difference of 0.05 in spec t ra l c lass ; 
a difference of 200° t o 300° in 7 e f f ; 
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3500 4000 4500 5000 5500 6000 

F i g . l a , b . Effect of b ina r i ty for s o m e spect ra l types . T h e thick solid line refers t o a un i t mass r a t io . 
T h e th in solid line is for a m a s s r a t i o giving a p s e u d o - c o n t i n u u m of greatest dev ia t ion f rom the 

un i t mass r a t i o . 

a difference o f 0.3 i n logg; 
a difference of 0.1 i n [ F e / H ] ; 
a difference of 150 k m s - 1 in r o t a t i o n a l ve loc i ty ; 
a c o m p a n i o n w e a k e r b y 5 m a g . 
T h e s e figures a r e o n l y o r d e r s o f m a g n i t u d e , a n d c a n v a r y c o n s i d e r a b l y ind iv idua l ly 

a c c o r d i n g t o the type of s ta r (co ld s ta r , ho t s tar , d w a r f o r s u p e r g i a n t ) . 
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3400 4000 5000 6000 

Fig . 2. Effect of b inar i ty for s o m e G 8 I I I s ta rs . 

3 . Cho ice of t h e ' H R S t a n d a r d 9 S t a r s 

T h e ' H R s t a n d a r d ' s t a r s a r e t o be used for t h e c a l i b r a t i o n of m e a n re l a t ions , such a s : 
Mv, c o l o u r i nd i ce s ; 

0 e f f , c o l o u r indices o r c o m b i n a t i o n s of c o l o u r i nd ices ; 
S p e c t r u m , c o l o u r i n d i c e s ; 
[ F e / H ] , c o l o u r ind ices o r c o m b i n a t i o n s o f c o l o u r i nd i ce s ; 
X, c o l o u r indices o r c o m b i n a t i o n s o f c o l o u r i nd ices ; 
e tc . 
T h e c o l o u r s c a n b e t h o s e o b t a i n e d w i t h wide b a n d p a s s e s ( e x a m p l e U B V R /), 

n a r r o w b a n d p a s s e s ( e x a m p l e uvby), i n t e r m e d i a r y b a n d p a s s e s ( e x a m p l e U Bt B2 Vt G). 
T h e d e t e r m i n a t i o n o f 0 e f f , logg, x r equ i r e s t h e fitting o f s te l lar m o d e l s t o obse rved 

ene rgy d i s t r i bu t i ons o r , a t least , t o t h e k n o w n c o l o u r s o f t h e s ta r cons ide red . T h i s in­
volves the necessi ty t o k n o w a n d t o p rese rve t h e r e s p o n s e func t ions of t he p h o t o ­
m e t r i c sys tem wi th a n a c c u r a c y e q u a l t o t h a t of t he in tens i ty m e a s u r e m e n t s . T h u s , 
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3500 4000 4500 5000 5500 E 
Fig . 3. D e f o r m a t i o n of the p seudo -con t i nuum for a n O s ta r resul t ing 

f rom three different laws. 

t hese r e m a r k s imply t h a t a c c u r a t e p h o t o m e t r i c m e a s u r e m e n t s o f t h e s ta r s p r o p o s e d as 
' H R s t a n d a r d ' a r e ava i l ab le in a p h o t o m e t r i c sys tem w i t h well def ined b a n d p a s s e s . 
M o r e o v e r , t he n u m b e r of s e p a r a t e m e a s u r e m e n t s of e ach s ta r h a s t o be sufficient t o 
be ab le t o de tec t a n y poss ib le var iabi l i ty . T h e U B V Bt B2 Vx G p h o t o m e t r i c sys tem 
m e e t s these c o n d i t i o n s . T h i s sys tem h a s b e e n in use a t t h e G e n e v a O b s e r v a t o r y since 
1959. I t s p r o p e r t i e s a r e d e s c r i b e d b y G o l a y (1969, 1971 , 1972). T h e last c a t a l o g u e 
p u b l i s h e d by Rufene r (1971) c o n t a i n s m o r e t h a n 1500 s t a r s , a n d will very s o o n r each 
2500. Th i s p u b l i c a t i o n c o n t a i n s t h e r e sponse func t ions of t h e seven n i te r s as well as a 
d i scuss ion of t he a c c u r a c y of t h e m e a s u r e m e n t s . H e r e , w e h a v e on ly cons ide r ed s ta rs 
w i t h a w e i g h t 3 , w h i c h c o r r e s p o n d s t o t h e fo l lowing s t a n d a r d dev ia t i ons expressed 
in t h o u s a n d t h s of a m a g n i t u d e ( T a b l e I) . In T a b l e I we give t h e s t a n d a r d dev ia t ions 
a n d the m e a n wave l eng ths of t he b a n d p a s s e s ( w h o s e equ iva l en t r e c t a n g u l a r b a n d p a s s e s 
a r e be tween 300 A a n d 600 A ) . 

T A B L E I 

M e a n wavelengths a n d s t a n d a r d devia t ions 

U B V Bi B2 Vi G 

Ao[A] 3456 4245 5500 4024 4480 5405 5805 
a 6,1 3,2 3,9 3,2 3,3 3,7 4,4 

T h e s ta rs we p r o p o s e as ' H R s t a n d a r d s ' all fulfill t he fo l lowing c o n d i t i o n s : 
(1) A r e n o t b inar ies , (except t h e in te res t ing case w i t h well s e p a r a t e d c o m p o n e n t s ) 

o r t he t w o c o m p o n e n t s a r e p rac t i ca l ly ident ical (Am ^ 0 . 1 a n d s a m e spec t ra l type) o r 
t h e difference in m a g n i t u d e Am is ^ 5. 
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Fig . 4a, b , c D e f o r m a t i o n of the pseudo*con t inuum caused by stel lar r o t a t i o n (colours c o m p u t e d 
by M a e d e r wi th m o d e l s of M a e d e r a n d P e y t r e m a n n 1970, 1972). 

(2) A r e n o t , o r a r e b u t s l ight ly r e d d e n e d by in te rs te l la r m a t t e r . 
(3) A r e n o t suspec t ed t o b e va r i ab le . W e h a v e r e t a i n e d as H R s t a n d a r d , s t a r s 

suspec ted of var iab i l i ty in L i t e r a t u r e , b u t n o t conf i rmed as s u c h in o u r p h o t o m e t r y . 
W e identify w i t h as te r i sks t h o s e s t a r s n o t k n o w n t o b e va r i ab l e , b u t w h i c h o u r m e a ­
s u r e m e n t s l ead u s t o suspec t o f be ing var iab le . 
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Fig . 5a, b . C o m p a r i s o n wi th he lp of mode l s ( M a e d e r a n d P e y t r e m a n n ) of the effects of b inar i ty 
gravi ty, chemica l c o m p o s i t i o n ( l o g * - 0.6 [Fe /H] ) , spect ra l type , for t w o n o r m a l 

s t a i s A 5 V, G O V . 

(4) H a v e F s i n / > 150 k m s " 1 w h e n th is is k n o w n . 
M o r e o v e r , t hey m u s t b e l o n g t o o n e o r m o r e of t h e fo l lowing ser ies : 
(a) T h e y m u s t be a m o n g t h e M K s t a n d a r d s p u b l i s h e d b y M o r g a n a n d R o m a n 

(1950) , J o h n s o n a n d M o r g a n (1953) , a n d M o r g a n et al. (1953) . 
(b) Be a m o n g t h e A s ta r s classified M K b y Co w l ey et al. (1969) . 
(c) Be a m o n g the s t a r s h a v i n g a t r i g o n o m e t r i c p a r a l l a x of c lass A , B, C in Gl iese ' s 

c a t a l o g u e (1969). 
(d) Be a m o n g s t a r s w h i c h h a v e o n c e been the objec t of a s t u d y o f a b u n d a n c e s b y 

m e a n s of spec t ro scop ic o b s e r v a t i o n s . T h e s ta rs h a v e b e e n selected f r o m t h e lists o f 
C a y r e l a n d Cayre l d e S t robe l (1966) a n d Powel l (1970) . 

(e) Be p r o b a b l e m e m b e r s of o p e n c lus ters of k n o w n d i s t ance m o d u l u s . O u r list is 
l imi t ed for t h e m o m e n t t o t h e H y d a e s , P r ae sepe a n d C o m a Beren ices c lus ters . 

I n t he fo l lowing p a g e s , w e give a serie of t ab les . T a b l e s 1 t o 7 c o n t a i n all t h e 
s t a r s we p r o p o s e as H R s t a n d a r d . E a c h t ab le c o n t a i n s s ta rs b e l o n g i n g t o t he s a m e 
o r ig ina l list. 
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T a b l e 1 c o n t a i n s t h e s ta rs of series a 

T a b l e 2 c o n t a i n s t h e s ta r s o f series b 

T a b l e 3 c o n t a i n s t he s ta rs of series c 

T a b l e 4 c o n t a i n s t h e s t a r s o f series d 

T a b l e 5 m e m b e r s of t h e H y a d e s 

T a b l e 6 m e m b e r s o f P r a e s e p e 

T a b l e 7 m e m b e r s of C o m a Berenices 

T A B L E 1 

M K S t a n d a r d s 

H D or B D H R o r 
o the r 

Sp ttlv B 2 - Vi V a r i a b . Vsini R e m a r k s 

14633 0 8 7.459 - 0 . 2 8 5 *** 126 
38771 2004 B0.5 l a (2.040) - 0 . 2 4 2 ** 81 fiy 

163506 6685 F 2 l a 5.419 0.146 *** 23 fiy 
212593 8541 B9 l a b (4.530) - 0 . 0 3 8 29 

91316 4133 B l l b 3.858 - 0 . 2 1 7 69 fiy 
87737 3975 AO l b 3.522 - 0 . 1 4 2 18 1, 2 

fiy 
46300 2385 AO l b (4.480) - 0 . 1 1 6 17 1,2, fiy 
20902 1017 F 5 l b 1.811 0.241 *• 18 1,4, fiy, D G 

164136 6707 F 2 I I 4.402 0.177 27 L4, fiy 
571 27 F 2 11 5.030 0.199 47 fiy 

35468 1790 B2 I I I 1.634 - 0 . 2 9 7 64 i, 9, fiy 
30836 1552 B2 I I I 3.667 - 0 . 2 4 8 42 fiy 
22928 1122 B5 I I I 3.012 - 0 . 2 4 0 271 i,*,fiy 
23302 1142 B6 I I I 3.704 - 0 . 2 1 5 227 

123299 5291 AO I I I 3.659 - 0 . 1 8 0 *** 12 i,s, fiy 
89025 4031 F 0 I I I (3.430) 0.105 82 fiy 
13174 623 F 2 I I I (5.010) 0.127 154 fiy 
17584 840 F 2 I I I (4.220) 0.141 149 fiy 
21770 1069 F 4 I I I 5.301 0.191 29 fiy 
27022 1327 G 5 I I I 5.269 0.524 < 1 9 fiy, D G 
28305 1409 K 0 I 1 I 3.548 0.681 < 8 1, 5, D G 

1013 45 M 2 I I I 4.837 1.188 *** 1, 8 

47105 2421 AO IV 1.939 - 0 . 1 5 1 37 1, 2, fiy 
211336 8494 F 0 I V 4.185 0.072 86 

17094 813 F 0 I V 4.268 0.097 54 fiy 
89449 4054 F 6 IV 4.783 0.228 16 fiy 
82328 3775 F 6 I V 3.183 0.253 • * * 13 1,4, fiy 
11443 544 F 6 IV (3.530) 0.254 95 1,4, fiy 

216385 8697 F 7 IV (5.220) 0.261 0 fiy 
220657 8905 F 8 IV (4.510) 0.350 79 fiy 
121370 5235 GO IV 2.705 0.328 fiy 

23249 1136 K 0 I V 3.548 0.601 *** < 1 7 1, 3, 4, 8, D G 
36512 1855 B0 V 4.592 - 0 . 3 2 0 17 fiy 

3360 153 B2 V 3.646 - 0 . 2 7 6 22 fiy 
74280 3454 B3 V 4.291 - 0 . 2 7 4 132 fiy 
32630 1641 B3 V 3.155 - 0 . 2 7 0 139 fiy 
83754 3849 B5 V (5.060) - 0 . 2 5 0 *** 185 fiy 
23338 1145 B6 V 4.302 - 0 . 2 1 8 134 fiy 
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H D or B D H R or 
o ther 

Sp /Me B2-V1 V a r i a b . V sin i R e m a r k s 

87901 3982 B7 V 1.375 - 0 . 2 1 9 354 l,S,fiy 
214923 8634 B8 V 3.416 - 0 . 2 1 5 196 fiy 
135742 5685 B8 V (2.610) - 0 . 2 0 9 * 230 US, fiy 
222173 8965 B8 V 4.280 - 0 . 2 0 9 * 84 fiy 
103287 4554 AO V 2.452 - 0 . 1 5 4 163 1 ,2 , S,fiy 

71155 3314 AO V 3.902 - 0 . 1 5 9 122 1 ,2 , S,fiy 
139006 5793 AO V (2.230) - 0 . 1 4 8 132 fiy 
97633 4359 A 2 V 3.320 - 0 . 1 5 4 14 1, 2, 8, fiy 

1280 63 A 2 V 4.608 - 0 . 1 1 3 107 1 ,2 , fiy 
106591 4660 A 3 V (3.313) - 0 . 0 8 9 ** 177 1 ,2 , 3, fiy 

11636 553 A 5 V 2.664 - 0 . 0 6 1 73 i,*,fiy 
8538 403 A 5 V 2.653 - 0 . 0 4 5 ** 116 i,*,fiy 

87696 3974 A 7 V 4.484 - 0 . 0 0 0 157 1,2, fiy 
58946 2852 F 0 V 4.169 0.119 63 hhfiy 

110379 4825 F 0 V 2.766 0.141 * 27 1 , 3 , 8, £y 
91480 4141 F l V 5.156 0.137 79 fiy 

128167 5447 F 2 V 4.474 0.168 0 fiy 
134083 5634 F 5 V 4.930 0.210 44 h i , fiy 
210027 8430 F 5 V 3.770 0.216 *** 7 1,4, fiy 

30652 1543 F 6 V 3.199 0.230 16 1 , 3 , 4 , fiy 
173667 7061 F 6 V 4.194 0.249 14 i,*,fiy 
142860 5933 F 6 V 3.880 0.258 ** 7 1 , 3 , 4, 8, £y 
120136 5185 F 7 V 4.498 0.255 14 fiy 

16895 799 F 7 V 4.110 0.261 *** 6 1,4, fiy 
126660 5404 F 7 V 4.051 0.264 * 31 1,3, fiy 
184960 7451 F 8 V 5.719 0.252 ^ 6 fiy 

90839 4112 F 8 V 4.838 0.293 0 1 , 3 , 4 , fiy 
9826 458 F 8 V (4.080) 0.294 8 l , 3 , 4 , # y , D G 

102870 4540 F 8 V 3.636 0.301 0 1 , 3 , 4, 8, fly 
114710 4983 G O V 4.252 0.332 6 ],3,4,fiy,DG 

19373 937 G O V 4.059 0.335 < 1 0 1 , 3 , 4 , A ^ , D G 
13974 660 G O V 4.873 0.351 ^ 1 0 l , 3 , 4 , # y , D G 

109358 4785 G O V 4.276 0.350 ^ 3 l , 3 , 4 , # y , D G 
115043 G 2 V 6.811 0.356 < 5 0 1,4, fiy 

10307 483 G 2 V 4.966 0.362 ^ 3 1,3,4, fiy,DG 
20630 996 G 5 V (4.820) 0.407 < 1 7 1,4, fiy, D G 

6582 321 G 5 V p 5.166 0.431 •* < 1 7 fiy, D G 
117176 5072 G 5 V 4.967 0.441 < 1 0 fiy, D G 

10700 509 G 8 V p 3.481 0.424 < 1 7 1, 3, fiy, D G 
101501 4496 G 8 V 5.317 0.449 < 1 7 1,3, D G 
154345 G 8 V (6.770) 0.457 ** 1,3, fiy, D G 
103095 4550 G 8 V I 6.434 0.482 l , 3 , 4 , A y , D G 

10780 511 KO V 5.622 0.492 1, 3, D G 
124752 KO V 8.517 0.519 * 

3651 166 KO V 5.900 0.526 •** 1, 3, fiy, D G 
166620 6806 K 2 V 6.393 0.552 *** fiy, D G 
109011 K 2 V 8.103 0.599 * D G 
128165 K 3 V 7.255 0.616 *** 
219134 8832 K 3 V (5.570) 0.628 1 , 3 , 4 , A y , D G 
151288 K 7 V 8.091 0.919 *•* 1,3 
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T A B L E 2 

S ta r s classified by C 2 J 2 , Cowley et al. (1969) 

H D or B D H R or Sp mv B2-Vi Var i ab . Vsini R e m a r k s 
o the r 

6457 311 AO V n 5.549 
85504 3906 AO Vs 6.018 
92728 4187 AO Vs 5.794 

118214 5109 A O V 5.599 
71155 3314 A O V 3.902 
23441 1152 AO V n 6.439 

103287 4554 A O V 2.452 
6456 310 A l V n 5.329 
2888 128 A l V n 6.697 

14055 664 A l Vnn (4.080) 
77327 3594 A l Vn 3.584 
30739 1544 A l V 4.353 
25490 1251 A l V (3.900) 

111397 4865 A l V 5.707 
97633 4359 A 2 V 3.320 
50973 2585 A 2 Vn (4.890) 

125642 5373 A 2 V 6.308 
12471 599 A 2 V 5.505 

1280 63 A 2 V 4.608 
28978 1448 A 2 Vs 5.685 

146738 6074 A 3 V 5.797 
23848 1177 A 3 V (5.100) 

216627 8709 A 3 V (3.290) 
27820 1381 A 3 V 5.112 

106591 4660 A 3 V (3.313) 
18331 875 A 3 V (5.170) 

141003 5867 A 3 V 3.674 
56537 2763 A 3 V 3.585 
14417 684 A 3 V 6.480 

118098 5107 A 3 V 3.373 
119024 5142 A 3 Vn 5.467 
108382 4738 A 4 V 4.986 
105805 4633 A 4 Vn 6.014 

38091 1969 A 4 Vn 5.935 
5448 269 A 5 V (3.930) 

116842 5062 A 5 V 4.016 
220061 8880 A 5 V 4.589 

79439 3662 A 5 V 4.814 
32301 1620 A 7 V (4.640) 

177196 7215 A 7 V (5.000) 
87696 3974 A 7 V 4.484 
27084 1330 A 7 V 4.454 
95608 4300 A l m : 4.423 
17581 839 A l m : (6.380) 

195479 7839 A l m 6.202 
78209 3619 A l m 4.463 
36484 1850 A 2 m 6.487 
12869 613 A 2 m : 5.031 

223461 9025 A 2 m 5.968 
140232 5845 A 2 m 5.795 

- 0 . 1 9 4 267 fiy 
- 0 . 1 8 5 *** fiy 
- 0 . 1 8 5 40 
- 0 . 1 6 7 * 197 fiy 
- 0 . 1 5 9 127 1 ,2 , S,fiy 
- 0 . 1 5 4 ** 267 
- 0 . 1 5 4 169 1 ,2 , S,fiy 
- 0 . 1 5 0 *•* 247 fiy 
- 0 . 1 4 8 265 fiy 
- 0 . 1 4 7 225 fiy 
- 0 . 1 4 7 247 2, 8, fly 
- 0 . 1 3 9 250 fiy 
- 0 . 1 2 7 110 2, 8, fly 
- 0 . 1 2 5 fiy 
- 0 . 1 5 5 2 1 ,2 , 8, fly 
- 0 . 1 2 9 210 fiy 
- 0 . 1 1 5 fiy 
- 0 . 1 1 4 100 fiy 
- 0 . 1 1 3 116 h2,fiy 
- 0 . 1 0 3 fiy 
- 0 . 1 0 8 *** 80 fiy 
- 0 . 1 0 1 117 fiy 
- 0 . 0 9 6 *** 96 fiy 
- 0 . 0 8 9 90 fiy 
- 0 . 0 8 8 ** 179 1 ,2 , 3, fiy 
- 0 . 0 8 4 300 fiy 
- 0 . 0 8 1 200 fiy 
- 0 . 0 7 6 157 fiy 
- 0 . 0 6 9 fiy 
- 0 . 0 6 8 195 fiy 
- 0 . 0 6 8 215 fiy 
- 0 . 0 7 5 94 2 , 8 
- 0 . 0 5 5 ** 172 2 , 7 
- 0 . 0 2 7 *** 260 fiy 
- 0 . 0 5 2 77 fiy 
- 0 . 0 2 0 250 fiy 
- 0 . 0 0 5 175 fiy 

0.007 178 fiy 
- 0 . 0 3 6 131 2, 5, fiy 
- 0 . 0 0 9 140 fiy 

0.000 168 1 ,2 , fly 
0.040 97 

- 0 . 1 2 2 24 fiy 
- 0 . 0 7 2 fiy 
- 0 . 0 5 8 fiy 

0.069 38 fiy 
- 0 . 0 9 1 fiy 
- 0 . 0 6 4 0 fiy 
- 0 . 0 2 0 fiy 

0.003 fiy 
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72037 3354 A 2 m 5.452 0.003 38 fiy 
166926 6811 A 2 m (5.820) 0.018 

33254 1672 A 2 m 5.432 0.031 25 
99945 4429 A 2 m 6.117 0.048 • 

221675 8944 A 2 m 5.886 0.081 fiy 
18769 905 A 3 m (5.860) - 0 . 0 4 9 *** 50 fiy 
79193 3655 A 3 m 6.104 0.033 fiy 

141675 5887 A 3 m 5.866 0.033 82 fiy 
195217 7833 A 3 m (6.330) 0.037 fiy 

27045 1329 A 3 m 4.944 0.049 60 fiy 
102660 4535 A 3 m 6.045 0.063 fiy 
27628 1368 A 3 m (5.720) 0.104 15 2, 5 
33641 1689 A 4 m : (4.740) - 0 . 0 0 1 84 fiy 
32428 1627 A 4 m 6.602 0.070 fiy 

159560 6555 A 4 m 4.867 0.070 47 fiy 
76756 3572 A 5 m 4.266 - 0 . 0 4 6 * 74 fiy 
15385 723 A 5 m 6.190 - 0 . 0 3 8 60 fiy 

6116 290 A 5 m : 5.955 - 0 . 0 2 4 fiy 
24141 1192 A 5 m : 5.795 - 0 . 0 2 3 fiy 
60652 2914 A 5 m 5.913 0.108 fiy 

111421 4866 A 6 m : 6.250 - 0 . 0 1 2 40 fiy 
3883 178 A 7 m 6.059 0.046 fiy 

107168 4685 A 8 m : 6.250 - 0 . 0 2 4 ^ 1 2 
90569 4101 A O p 6.013 - 0 . 2 0 7 90 fiy 
10221 478 A O p 5.569 - 0 . 2 0 5 30 fiy 
32549 1638 A O p 4.666 - 0 . 2 0 5 29 fiy 

111133 4854 A O p (6.350) - 0 . 2 0 3 fiy 
4778 234 A O p (6.140) - 0 . 1 7 3 fiy 

38104 1971 A O p 5.467 - 0 . 1 3 5 40 fiy 
74521 3465 A l p 5.655 - 0 . 2 4 2 fiy 
72968 3398 A l p 5.735 - 0 . 1 8 8 fiy 

151199 6226 A 2 p 6.178 - 0 . 1 0 6 110 fiy 
65339 3109 A 2 p 6.035 - 0 . 0 5 7 fiy 
81009 3724 A 5 p 6.518 0.001 ** fiy 
87737 3975 AO l b 3.522 - 0 . 1 4 2 29 l , 2 , f t > 
46300 2385 AO l b (4.480) - 0 . 1 1 5 17 

196821 7903 AO I I I (5.910) - 0 . 1 8 5 *** fiy 
221756 8947 A l I I I (5.580) - 0 . 0 8 9 •* 145 fiy 

50019 2540 A 3 I I I 3.601 - 0 . 0 6 3 140 fiy 
109307 4780 A 5 I I I (6.230) - 0 . 0 6 6 8 2 , 7 
173880 7069 A 5 m (4.300) - 0 . 0 4 8 81 fiy 
125658 5374 A 5 I I I 6.450 - 0 . 0 4 2 fiy 
47105 2421 A l IV 1.939 - 0 . 1 5 1 26 h2,fiy 
89021 4033 A 2 IV 3.434 - 0 . 1 1 5 43 fiy 

107966 4717 A 3 IV 5.163 - 0 . 0 8 5 50 2, 7 
28527 1427 A 6 I V (4.780) - 0 . 0 1 9 65 

138341 5760 A 4 1 V 6.455 0.017 fiy 
27934 1387 A 7 I V - V (4.220) - 0 . 0 5 6 77 

107131 4684 A 7 I V - V 6.423 - 0 . 0 2 2 175 2, 7 
203280 8162 A 7 I V - V 2.461 0.019 260 2, 3, 0y 

21551 1051 B8 V n n 5.819 - 0 . 1 6 3 380 

Table 2 (Continued) 

H D or B D H R or S p mv B2—V1 V a r i a b . Vsini R e m a r k s 
o ther 
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Table 2 (Continued) 

79469 3665 B9.5 V (3.880) - 0 . 2 0 8 91 2, 8, fiy 
47964 2461 B8 I I I 5.793 - 0 . 2 0 8 95 

182691 7381 B9 I I I 6.493 - 0 . 1 9 2 
205551 8259 B9 I I I (5.940) - 0 . 1 2 2 200 

35600 1804 B9 l b 5.709 0.041 
133029 5597 B 9 p (6.380) - 0 . 2 5 6 fiy 
205087 8240 B 9 p 6.701 - 0 . 2 3 0 • fiy 

68351 3215 B 9 p 5.618 - 0 . 2 1 6 0 fiy 
207857 8349 B 9 p (6.160) - 0 . 1 9 5 *** fiy 
184961 7452 B9 p? 6.328 - 0 . 1 9 1 ** 50 fiy 
145389 6023 B 9 p 4.237 - 0 . 1 8 5 0 fiy 
219749 8861 B 9 p (6.270) - 0 . 1 6 3 70 fiy 
148112 6117 B 9 p (4.560) - 0 . 1 5 6 44 2, 8, fiy 
173650 7058 B9 p (6.500) - 0 . 1 3 7 fiy 

27176 1331 F 0 V (5.650) 0.073 105 2 , 5 
107326 4694 F 0 IV (6.080) 0.099 125 
108283 4733 F 0 I l l n p 4.922 0.085 227 
118295 5116 F 0 I I I 6.841 0.008 fiy 
126661 5405 F O m 5.408 0.031 50 fiy 
176232 7167 F O p 5.915 0.038 103 fiy 

T A B L E 3 

S ta rs wi th t r igonomet r ic para l lax A, B, C 

H D or D B H R or 
o ther 

Sp mv B2-V1 V a r i a b . Vsini R e m a r k s 

63°0137 K 7 V 8.983 0.873 ** 8.29 
D G 

166 8 K 0 V 6.085 0.462 5.3 
3, D G 

3651 166 K 0 V 5.900 0.526 *** 5.75 
fiy, D G , 1 

4628 222 K 2 V (5.760) 0.549 6.55 
3, 8, D G 

9826 458 F 8 V (4.080) 0.294 8 3.06 
1 , 3 , 4 , ^ , D G 

10307 483 G 2 V 4.966 0.362 ^ 3 4.66 
l , 3 , 4 , f t > , D G 

10700 509 G 8 V p 3.481 0.424 < 1 7 5.72 
1, 3, fiy, D G 

10780 511 K 0 V 5.622 0.492 5.91 
1, 3, D G 

13974 660 G O V 4.873 0.351 ^ 1 0 4.80 
l , 3 , 4 , £ y , D G 

17925 857 K 0 V 6.057 0.542 ** 6.57 
D G 

19373 937 G O V 4.059 0.335 ^ 1 0 3.72 
l , 3 , 4 , # y , D G 

H D o r B D H R o r Sp mv B2—V1 V a r i a b . K s i n / R e m a r k s 
o the r 
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Table 3 (Continued) 

M. GOLAY 

H D or B D H R o r 
o ther 

Sp ftlv B2-V1 Var i ab . V sin i R e m a r k s 

23249 K 0 1 V 3.548 0.601 *•* < 1 7 3.77 
1, 3, 4, 8, D G 

25329 K l Vsd 8.495 0.561 ** 7.10 
3, 4 , fiy, D G 

25680 1262 G 5 V 5.900 0.368 5.09 
30652 1543 F 6 V 3.199 0.230 16 3.76 

1 , 3 , 4, fiy 
34411 1729 G O V 4.706 0.360 ^ 3 3.84 

3 , A, fiy, D G 
37394 1925 K l V 6.224 0.524 6.07 

D G 
58946 2852 F 0 V 4.169 0.119 63 2.84 

1 , 3 , fly 
65583 G 8 V (7.000) 0.451 5.82 

fiy, D G 
72905 3391 G O V 5.629 0.362 4 4.67 

fiy, D G 
76644 3569 A 7 V 3.127 0.015 138 2.24 

fiy 
84035 K 5 V 8.139 0.712 *** 7.31 
84737 3881 G l V 5.089 0.362 ^ 1 0 4.20 

fiy 
88230 K 7 V 6.597 0.931 *** 8.32 

fiy, D G 
89125 4039 D F 3 5.820 0.279 ^ 6 4.7 

fiy 
90839 4112 F 8 V 4.838 0.293 0 4.44 

1 , 3 , 4, fiy 
95128 4277 G O V 5.043 0.364 < 3 4.4 

fiy, D G 
101501 4496 G 8 V 5.317 0.449 * < 1 7 5.55 

1, 3, D G 
102870 4540 F 8 V 3.636 0.301 0 3.60 

1 , 3 , 4, 8, fly 
103095 4550 G 8 VI 6.434 0.482 6.71 

l , 3 , 4 , f l y , D G 
106591 4660 A 3 V (3.313) - 0 . 0 8 9 ** 177 1.9 

1 ,2 , 3, fiy 
109358 4785 G O V 4.276 0.350 ^ 3 4.46 

1 , 3 , 4 , & > , D G 
110379 4825 F 0 V 2.766 0.141 27 3.46 

1 , 3 , S,fiy 
110833 K 3 V 7.017 0.585 6.0 

D G 
110897 4845 G O V 5.961 0.329 < 6 5.0 

3, 4 , fiy, D G 
114710 G O V 4.252 0.332 6 4.66 

l , 3 , 4 , f l y , D G 
126660 5404 F 7 V 4.051 0.264 31 3.22 

h i , fiy 
131156 5544 G 8 V 4.555 0.483 < 1 6 A : 5.53 B : 

7.69 
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Table 3 (Continued) 

H D or B D H R o r Sp ftlv B2-V1 Var iab . Vsini R e m a r k s 
o the r 

131511 5553 K 2 V 6.017 0.528 * 5.66 
D G 

134083 5634 F 5 V 4.930 0.210 * 44 3.9 
1,1, fiy 

139323 K 3 V 7.654 0.581 6.2 
142860 5933 F 6 V 3.880 0.258 ** 7 3.4 

145417 
1, 3, 4, 8, fiy 

145417 K 0 V 7.521 0.514 6.64 
145675 K 0 V 6.611 0.542 5.6 

D G 
151288 K 7 V 8.091 0.919 **• 8.19 

1, 3 
154345 G 8 V (6.770) 0.457 ** 5.73 

1,3, fiy, D G 
157214 6458 G 8 V 5.388 0.381 * 0 4.71 

fiy> D G 
160346 K 3 V 6.529 0.606 6.06 

D G 
182488 7368 K 0 V (6.380) 0.504 5.14 

D G 
190406 7672 G I V 5.795 0.363 *** 4 4.6 

fiy, D G 
193664 7783 G 5 V 5.905 0.345 5.07 
203280 8162 A 7 V-1V 2.461 0.018 * 240 1.5 

2, 3, fiy 
217987 M 2 V 7.356 1.131 9.59 
219134 8832 K 3 V (5.570) 0.628 6.41 

1,3,4, fiy,DG 

T A B L E 4.1 

Stars with a b u n d a n c e s de te rmina t ions , Cayrel a n d Cayre l de St robel 

H D or B D H R or Sp mv B2-V1 V a r i a b . Vsini R e m a r k s 
o thers 

3627 165 K 3 I I I (3.210) 0.898 < 1 7 0.00 
D G 

5015 244 F 8 I V - V (4.860) 0.306 6 - 0 . 1 5 
0.. 

5544 K 0 1 I I (7.710) 0.783 
fiy 
0.33 

10307 483 G 2 V 4.966 0.362 < 3 0.20 
1,3,4, fiy. D G 

10380 489 K 3 111 4.466 0.995 < 1 9 0.00 
D G 

11443 544 F 6 IV (3.530) 0.254 95 - 0 . 1 2 

37°00432 
1,4, fiy 

37°00432 K 2 II I (9.010) 0.680 •** - 0 . 2 5 
D G , fiy 
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Table 4.1 (Continued) 

H D or B D H R o r 
o thers 

Sp ttlv B2-V1 Var i ab . V smi R e m a r k s 

13974 660 G O V 4.873 0.351 ^ 1 0 - 0 . 4 3 
- 0 . 1 8 
- 0 . 5 1 
1,3,4, fiy, D G 

16895 799 F 7 V 4.110 0.261 *** 6 + 0 . 0 7 
- 0 . 0 2 
l,*,fiy 

18474 885 G 4 p 5.484 0.594 0.15 
D G 

19373 937 G O V 4.059 0.335 ^ 1 0 0.14 
0.26 
1 ,3 ,4 ,#>>,DG 

19445 F 7 VI 8.041 0.269 *** - 0 . 7 7 
- 1 . 7 5 
- 1 . 7 5 

fiy 
20630 996 G 5 V (4.820) 0.407 < 1 7 0.38 

1,4, fiy, D G 
20902 1017 F 5 l b 1.811 0.241 ** 18 - 0 . 4 5 

1, 4, fiy, D G 
22484 1101 F 8 V 4.288 0.335 0 0.37 
22879 F 9 V 6.673 0.316 - 0 . 5 7 

fiy 
23230 1135 F 5 n (3.770) 0.209 44 - 0 . 1 9 

fiy, D G 
23249 1136 K 0 IV 3.548 0.601 *** < 1 7 0.00 

- 0 . 0 9 
1, 3, 4, 8, D G 

25329 K l V 8.495 0.561 ** - 2 . 3 0 
3, 4, fiy, D G 

30455 G 2 V 6.954 0.374 ** - 0 . 0 9 
- 0 . 2 6 
D G 

30649 G l V - V I 6.959 0.355 - 0 . 3 2 
- 0 . 2 0 
fiy, D G 

30652 1543 F 6 V 3.199 0.230 - 0 . 4 0 
1 ,3 , 4, fiy 

31398 1577 K 3 11 2.707 1.149 < 1 7 0.00 
fiy, D G 

34411 1729 GO IV 4.706 0.360 ^ 3 0.14 
0.22 
3, 4, fiy, D G 

55575 2721 G O V 5.554 0.342 ^ 6 - 0 . 2 1 
fiy, D G 

64491 3083 A p 6.224 0.082 70 - 0 . 7 0 
fiy 

72324 3369 G 9 I I I 6.353 0.688 0.32 
D G 

73665 3427 K 0 I I I 6.396 0.648 0 - 0 . 0 4 
D G , 4, 6, fiy 

73710 3428 KO I I I 6.418 0.671 < 4 5 - 0 . 1 7 
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Table 4.1 (Continued) 

H D or B D H R o r 
o thers 

Sp fTJv B2-V1 V a r i a b . Vsini R e m a r k s 

D G , fiy 
82328 3775 F 6 IV 3.183 0.253 *** 13 - 0 . 4 4 

1,4, fiy 
86728 3951 G 4 V 5.390 0.398 ^ 1 0 0.34 

0.34 
fiy, D G 

90508 4098 G l V 6.435 0.366 ^ 1 0 - 0 . 2 3 
fiy, D G 

90839 4112 F 8 V 4.838 0.293 0 0.23 
1 , 3 , 4, fiy 

102870 4540 F 8 V 3.636 0.301 0 0.33 
1 , 3 , 4, %,fiy 

103095 4550 G 8 VI 6.434 0.482 - 1 . 5 0 
1 , 3 , 4 , ^ , D G 

106516 4657 F 6 V (6.110) 0.234 8 ( + 0 . 0 5 ) 
( - 0 . 8 6 ) 
fiy 

109358 4785 G O V 4.276 0.350 ^ 3 0.02 
1 ,3 ,4 ,£>>,DG 

109995 AO V 7.589 - 0 . 0 9 8 30 - 1 . 2 0 
fiy 

110897 4845 G 8 V 5.961 0.329 ^ 6 - 0 . 3 2 
3, 4, fiy, D G 

114710 4983 G o V 4.252 0.332 6 0.19 
0.05 
0.08 
1 , 3 , 4 , / ^ D G 

114762 F 9 V 7.302 0.311 *** - 0 . 5 9 
115043 G O V 6.811 0.356 < 5 0 - 0 . 0 6 

- 0 . 1 4 
1,4, fiy 

122563 5270 P o p I I gi. 6.177 0.642 - 2 . 9 0 
- 2 . 6 5 
fiy, D G 

142267 5911 G 2 V 6.087 0.359 ** - 0 . 2 8 
fiy 

142860 5933 F 6 IV 3.880 0.258 ** 7 - 0 . 4 0 
- 0 . 3 6 
1, 3, 4 , 8 

152792 G O V 6.822 0.388 - 0 . 4 5 
fiy, D G 

157089 G O V (6.960) 0.333 - 0 . 5 7 
fiy, D G 

160693 G O V 8.381 0.336 *** - 0 . 6 9 
D G 

161817 A 2 V I 6.963 - 0 . 0 0 8 *** ( - 0 . 4 1 ) 
fiy 

164136 6707 F 2 I I I 4.402 0.177 27 0.08 
1,4, fiy 

170153 6927 F 7 V 3.546 0.279 ** 11 - 0 . 6 4 
4, 8, fiy 

185657 7477 G 6 V (6.350) 0.677 - 0 . 5 1 
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Table 4.1 (Continued) 

H D or B D H R o r 
o thers 

Sp lYlv B2-V1 Var i ab . Vsini R e m a r k s 

187923 7569 G 2 V (6.154) 0.389 ** ^ 1 0 0.12 
0.00 
fiy, D G 

190404 K 2 V 7.288 0.502 * - 0 . 2 0 
D G 

191046 K 0 1 I I (7.200) 0.821 - 0 . 4 2 
D G 

193370 7770 F 5 l b (5.220) 0.401 13 - 0 . 1 9 
fiy 

197461 7928 A 7 H I 4.443 0.091 ** 41 0.50 

fiy 
198149 7957 K 0 I V (3.430) 0.605 < 1 7 0.00 

fiy, D G 
201626 K 0 I I I p 8.121 0.823 *** - 1 . 4 5 

fiy, D G 
210027 8430 F 5 V 3.770 0.216 *** 7 - 0 . 1 0 

1,4. fiy 
215648 8665 F 7 V (4.190) 0.265 7 - 0 . 0 5 

fiy 
218804 8825 F 5 IV (5.950) 0.224 18 -0.21, fiy 
219134 8832 K 3 V (5.570) 0.628 0.00 

1 , 3 , 4 , ^ , D G 
221170 P o p I I gi. 7.677 0.803 ** - 2 . 7 0 

fiy, D G 
221345 8930 G 8 I I I (5.220) 0.705 < 1 9 - 0 . 2 0 

D G 
224930 9088 G 3 V (5.760) 0.420 * ^ 6 - 0 . 5 9 

- 0 . 7 0 
- 0 . 5 5 
- 0 . 6 0 , fiy, 
D G 

T A B L E 4.2 

S ta r s wi th a b u n d a n c e s de te rmina t ions , Powell 

H D o r B D H R o r 
o the r 

S p ftlv B2-V1 V a r i a b . Vsini R e m a r k s 

9826 458 F 8 V (4.080) 0.294 8 - 0 . 1 1 
1,3,4, fiy,VG 

19373 937 G O V 4.059 0.335 ^ 1 0 0.05 
fiy, D G 

30652 1543 F 6 V 3.199 0.230 0.18 
fiy 

82328 3775 F 6 IV 3.183 0.253 *•* 13 - 0 . 0 3 
fiy 

102870 4540 F 8 V 3.636 0.301 0 0.15 
1 , 3 , 4, S,fiy 

109358 4785 G O V 4.276 0.350 ^ 3 - 0 . 2 3 
fiy, D G 
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Table 4.2 (Continued) 

H D or B D H R o r Sp J 7 l v B2-V1 Var iab . Vsini R e m a r k s 
o ther 

136202 5694 F 8 I V - V (5.060) 0.299 0 - 0 . 1 7 

fiy 
142373 5914 F 9 V 4.614 0.340 0 - 0 . 3 5 

fiy 
142860 5933 F 6 IV 3.880 0.258 ** 7 - 0 . 1 1 

1 ,3 , 4, S,fiy 
222368 8969 F 7 V 4.130 0.269 ** 6 0.09 

fiy 

T A B L E 5 

S ta r s m e m b e r s of the H y a d e s 

H D or B D H R o r Sp B2-V1 Var iab . V sin i R e m a r k s 
o the r 

27176 1331 A 8 V (5.650) 0.073 97 2, 5, fiy 
27397 1351 F 3 V (5.590) 0.068 109 fiy 
27459 1356 F 0 V 5.280 0.025 65 fiy 
27524 (F8) (6.800) 0.203 94 fiy 
27628 1368 A m (5.720) 0.104 15 2, 5, fiy 
27946 1388 A 7 V (5.280) 0.048 153 fiy 
28294 1408 (F0) 5.916 0.119 102 fiy 
28305 1409 K 0 I I I 3.548 0.680 < 8 1, 5, fiy, D G 
28406 (F8) 6.899 0.231 20 fiy 
28527 1427 A 7 V (4.780) - 0 . 0 1 9 69 fiy 
28546 1428 A m 5.499 0.043 23 fiy 
28556 1430 ( F l ) (5.400) 0.048 95 fiy 
28568 (F2) (6.510) 0.209 53 fiy 
30780 1547 A 5 (5.100) 0.022 141 fiy 
32301 1620 A 7 V (4.640) - 0 . 0 3 6 127 2, 5, fiy 

T A B L E 6 

S ta r s m e m b e r s of Praesepe 

H D o r B D H R o r Sp mv B2-V1 Va r i ab . Vsini R e m a r k s 
o ther 

P rae 23 G 0.428 *** 
19°02050 Prae 34 F 2 V 9.446 0.193 < 4 5 fiy 

73174 Prae 4 0 A m 7.759 - 0 . 0 1 0 29 fiy 
19°02052 Prae 47 F 4 V 9.812 0.239 •* fiy 

73345 Prae 114 F 0 V 8.152 0.000 96 fiy 
P r a e 127 G 2 10.818 0.340 *** fiy 

73430 P r a e 143 A 9 V 8.311 0.021 ** 73 fiy 
20°02145 P r a e 155 F6 9.393 0.192 ** fiy 

73598 Prae 212 K 0 I I I 6.593 0.632 *** < 4 5 fiy, D G 
73616 Prae 226 F2 V 8.899 0.111 131 fiy 
73641 Prae 227 F2 V 9.475 0.195 15 fiy 
73617 Prae 232 F5 V 9.221 0.156 127 fiy 
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Table 6 (Continued) 

H D o r B D H R o r 
o the r 

Sp mv B2-V1 V a r i a b . Vsini R e m a r k s 

73640 P rae 239 F 4 V 
> 

9.661 0.215 32 fiy 
20°02157 P rae 250 F 6 V 9.775 0.230 120 fiy 

73665 3427 
P rae 253 

KO H I 6.396 0.648 • 0 4 , 6, 0y, D G 

20°02161 P rae 271 F 2 V 8.779 0.087 86 fiy 
73730 P r a e 286 A m 8.006 - 0 . 0 1 1 * * 30 fiy 

Prae 293 - 9.836 0.236 fiy 
20°02170 P rae 295 (F6) 9.347 0.189 95 fiy 

73746 P rae 318 F 0 V 8.644 0.079 95 fiy 
73763 P rae 323 A 9 V 7.814 0.018 130 fiy 
73798 Prae 340 F 0 V n 8.467 0.062 166 fiy 
73819 P rae 348 A 6 V n 6.766 - 0 . 0 2 3 140 fiy 
73854 P rae 370 F 5 V 9.014 0.133 116 fiy 

20°02180 P rae 396 F 4 V 9.815 0.234 fiy 
73937 P rae 411 F 4 V 9.321 0.170 49 fiy 
73974 P rae 428 K O I I I 6.910 0.653 < 4 5 fiy, D G 
73993 P rae 429 FO V 0.093 * * 195 fiy 
74028 P rae 445 A 7 V 7.962 0.001 180 fiy 

20°02190 P rae 454 - 9.881 0.230 * fiy 
74058 P rae 459 F 2 V 9.204 0.164 130 fiy 

20°02192 P rae 472 - 9.765 0.213 fiy 
20°02193 P rae 478 F 4 V 9.674 0.218 < 4 5 fiy 

72779 3387 G 8 I I I 6.584 0.429 95 fiy 
P r a e V L 133 

72846 P r a e V L A 5 V 7.494 - 0 . 0 3 9 140 fiy 
166 

T A B L E 7 

S ta rs m e m b e r s of C o m a Berenices 

H D o r B D H R o r Sp mv B2-V1 Va r i ab . Vsini R e m a r k s 
o the r 

105805 4633 A 4 V 6.014 - 0 . 0 5 5 ** 172 2, 7, 
106103 F 5 V 0.190 *•* < 1 2 fiy 
106691 F 2 V 8.090 0.188 ** 30 fiy 
106946 F 2 V 7.836 0.158 *** 50 fiy 
107067 F 8 V 8.696 0.282 < 1 2 fiy 
107132 G O V 8.787 0.281 12 fiy 
107131 4684 A 5 V 6.423 - 0 . 0 2 2 175 2, 7, 
107168 4685 A m 6.250 - 0 . 0 2 4 < 1 2 fiy 
107276 A m 6.625 - 0 . 0 1 1 95 fiy 
107399 G O V 9.016 0.326 fiy 
107611 (F7) 8.503 0.237 15 fiy 
107685 (F7) 8.529 0.237 •* < 1 2 fiy 
107877 F 5 V 8.358 0.219 *** 20 fiy 
107966 4717 A 4 p 5.163 - 0 . 0 8 5 54 2, 7, 
108154 (F8) 8.559 0.251 < 1 2 
108226 F 6 V 8.337 0.221 •* < 1 2 fiy 
108486 A m 6.676 - 0 . 0 1 2 30 
109307 4780 A m - 0 . 0 6 6 8 2,8 

fiy 

fiy 
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T A B L E 8.1 

S ta r s with k n o w n spectral energy d is t r ibut ion , Wi l l s t rop 

H D or B D H R or Sp mv B2-V1 Va r i ab . Vsini R e m a r k s 
o the r 

1013 45 M 2 II I 4.837 
3196 142 F 8 V 
4628 222 K 2 V 
9270 437 G 8 I I I 3.654 

11636 553 A 5 V 2.664 
14386 681 (gMbe) 4.684 
20630 996 G 5 V 
23249 1136 K 0 I V 3.548 
36673 1865 F O I b 2.607 

129247 5478 A 3 II I 3.769 
142860 5933 F 6 V 3.880 
166197 6788 B l V 6.117 
173667 7061 F 6 V 4.194 
203504 8173 K l I I I 4.104 
209747 8413 K 4 I I I 
217987 M 2 V 7.356 

1.188 •** 1, 8 
0.315 18 D G 
0.549 3, 8, D G 
0.664 < 1 9 fiy, D G 

- 0 . 0 6 1 73 1 , 8 , ^ 
1.500 *** 
0.407 < 1 7 fiy, D G 
0.601 **• < 1 7 1, 3, 4, 8, D G 
0.018 *** 13 fiy 

- 0 . 1 1 9 156 
0.258 ** 7 1 ,3 , 4, S,fiy 

- 0 . 2 2 2 fiy 
0.249 14 \,*,fiy 
0.758 < 1 7 fiy, D G 
1.041 ** < 1 7 D G 
1.131 

All these s t a r s h a v e a l so t o satisfy c o n d i t i o n s 1 t o 4 (excep t c o m p l e m e n t a r y i n f o r m a ­
t i o n given in t he c o l u m n ' r e m a r k s ' ) . F o r e a c h s ta r we give t h e c o l o u r indice B2 — Vv 

T h e 7 h e t e r o c h r o m a t i c c o l o u r s n o r m a l i s e d t o B c a n b e f o u n d in (1971) ; t he 7 m o n o ­
c h r o m a t i c c o l o u r s ( d e d u c e d f r o m the 7 h e t e r o c h r o m a t i c co lou r s ) n o r m a l i s e d t o G 
a n d the 7 effective w a v e l e n g t h s of t he m o n o c h r o m a t i c c o l o u r s c a n be o b t a i n e d a t t h e 
G e n e v a O b s e r v a t o r y ( M o n o c h r o m a t i c c o l o u r s C a t a l o g u e ) . L e t us p o i n t o u t t h a t t h e 
A e f f of filter U m a y n o t a l w a y s be very a c c u r a t e for s ta rs h a v i n g a la rge Ba lmer d is ­
con t inu i ty . 

M a n y s ta rs a r e c o m m o n t o several t a b l e s ; t he n u m b e r s o f t he t ab le s a re given in t h e 
' r e m a r k s ' c o l u m n . T h e m a g n i t u d e s given a r e t he V m a g n i t u d e s es tab l i shed by Rufene r 
a n d M a e d e r (1972) , t h e m a g n i t u d e s in b r a c k e t s a r e t a k e n f r o m L i t e r a t u r e . T h e spec t ra l 
classif icat ions g iven in t ab le s 3 t o 7 a r e t a k e n f r o m t h e c a t a l o g u e s o f J a s c h e k et al. 
(1964) a n d f rom i ts ex t ens ion b y K e n n e d y . I n t h e r e m a r k s c o l u m n w e also ind ica te by 
fiy t he s t a r s a l so m e a s u r e d in t h e u v b y fi sys tem, t h e genera l c a t a l o g u e of w h i c h is 
be ing p r e p a r e d by L i n d e m a n n a n d H a u c k (1973) ; a n d by D G t h e c o o l s ta rs m e a s u r e d 
in the C o p e n h a g e n sys t em (1970) . 

T h e se lect ion p r e s e n t e d h e r e g a t h e r s t o g e t h e r s t a r s w h i c h m a y serve t o ca l ib ra t e 
c r i te r ia for Mv, S p , [ F e / H ] , e tc . B u t these a r e a l so s ta r s t o w h i c h w e believe it is im­
p o r t a n t t o give s o m e a t t e n t i o n a n d to a t t e m p t t o d e t e r m i n e t h e f u n d a m e n t a l p a r a m ­
eters Mv9 0 e f f , l o g # , X- T h e p r o p o s e d se lect ion s h o u l d b e en r i ched w i t h h o t s t a r s of 
well k n o w n a b s o l u t e m a g n i t u d e a n d r e d d e n i n g . F o r th is p u r p o s e , o n e m u s t m e a s u r e 
y o u n g c lus ters of well d e t e r m i n e d d i s t ance m o d u l u s . 
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T A B L E 8.2 

Stars with k n o w n spect ra lenergy dis t r ibut ion, Te rech t chenko a n d K h a r i t o n o v 

H D or B D H R or 
o the r 

Sp B2-V1 Var iab . V s i n / R e m a r k s 

3196 142 F 8 V 0.315 18 D G 
4727 226 B5 V 4.525 - 0 . 2 4 2 75 fiy 
8538 403 A 5 V 2.653 - 0 . 0 4 5 ** 116 1 ,8 , fly 

11636 553 A 5 V 2.664 - 0 . 0 6 1 73 1 , 8 , Ay 
16970 804 A 2 V - 0 . 0 8 7 183 

1 , 8 , Ay 

20320 984 A m 4.797 0.023 * 68 fiy 
22928 1122 B5 I I I 3.012 - 0 . 2 4 0 271 1 ,8 , fly 
25490 1251 A l V - 0 . 1 2 7 71 2, 8, Ax 
35468 1790 B2 I I I 1.634 - 0 . 2 9 7 64 1, 8, Ay 
58715 2845 B8 V - 0 . 2 0 8 270 fiy 
71155 3314 A O V 3.902 - 0 . 1 5 9 122 1 , 2 , 8, Ay 
77327 3594 B9n 3.584 - 0 . 1 4 7 219 2, S,fiy 
79469 3665 B9.5 V - - 0 . 2 0 8 86 2, 8, Ay 
87901 3982 B7 V 1.375 - 0 . 2 1 9 354 1 , 8 , Ay 
90089 4084 F 5 IV 5.259 0.180 * 107 fiy 
97633 4359 A 2 V 3.320 - 0 . 1 5 6 14 1 , 2 , 8, Ay 

102870 4540 F 8 V 3.636 0.301 0 1 , 3 , 4 , S,fiy 
103287 4554 A O V 2.452 - 0 . 1 5 4 163 1, 2, 8, Ay 
106112 4646 A m 5.145 0.109 69 fiy 
108382 4738 A 2 4.986 - 0 . 0 7 4 89 2, 8 
110379 4825 F 0 V 2.766 0.141 27 1 , 3 , 8, Ay 
120315 5191 B3 V 1.856 - 0 . 2 5 8 216 Ay 
123299 5291 AO I I I 3.659 - 0 . 1 8 0 *** 12 1, 8 
129247 5478 A 3 I I I 3.769 - 0 . 1 1 9 156 
135742 5685 B8 V - 0 . 2 0 9 230 1 , 8 , Ay 
148112 6117 A l p - 0 . 1 5 6 28 fiy 
170153 6927 F 7 V 3.546 0.279 ** 11 4 , 8, fiy 
202444 8130 F 0 I V 0.185 94 
207098 8322 A m 0.095 * 104 fiy 
212061 8518 B9 I I I - 0 . 1 9 3 82 fiy 
218658 8819 G 2 I I I 4.401 0.510 22 D G 
224617 9072 F 4 I V 0.206 34 fiy 

4. Stars With Known Spectral Energy Distribution 

I n T a b l e 8 w e give t h e 7 c o l o u r s o f t h e s ta r s w h o s e spec t ra l e n e r g y d i s t r i b u t i o n is g iven 

by W i l l s t r o p (1965) a n d b y T e r e c h t c h e n k o a n d K h a r i t o n o v (1972) . T h e selected s t a r s 

d o n o t satisfy t he 4 c o n d i t i o n s g iven in p a r a g r a p h 3 . T h e y h a v e a we igh t p ^ 3 in t h e 

U V B Bt B2 V1 G p h o t o m e t r y , b u t c a n be b ina r i es , r e d d e n e d , a n d h a v e a h igh r o t a ­

t i o n a l veloci ty. Never the le s s , t hey a r e useful for t h e p h o t o m e t r i s t w h o c a n use t h e m 

t o check the qua l i ty of t h e d e t e r m i n a t i o n of his sys t em ' s b a n d p a s s e s . 
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D I S C U S S I O N 

Pecker: W h e n t ry ing t o app ly t o observed s ta rs t he very fine r o t a t i n g m o d e l s bui l t by M a e d e r , for 
example , we shou ld keep in m i n d t h a t t he measu red ' K s i n / ' p lo t ted in t he tab les of G o l a y a r e n o t 
necessary measured rotations, they a r e jus t m e a s u r e m e n t s of b r o a d e n i n g , a n d s tel lar l ines can be 
b r o a d e n e d by o the r causes , such a s macro-ve loc i ty fields. There fo re , t he ' r o t a t i n g m o d e l s ' a r e n o t 
necessarily a d e q u a t e t o fit t he obse rva t ions . 

Kodaira: I a m of t h e s a m e o p i n i o n as D r Pecker , bu t a s t he ze ro th a p p r o x i m a t i o n , o n e can regard 
the b roaden ing of l ines as the resul t of t he ro t a t i on . I t is wor thwhi l e t o t ry t o es tabl ish t he possible 
ro t a t i on effect observa t iona l ly . B u t D r G o l a y l imits the value of V sin / to be low 150 k m s _ 1 s , in o rde r 
t o avoid the influence of the stel lar r o t a t i o n . I n do ing so , however , y o u w o u l d b ias your da ta , by 
mixing the intr insic s low r o t a t o r s wi th s t a r s of h igh o r m o d e r a t e r o t a t i o n a l veloci ty whose axises have 
smal l or m o d e r a t e inc l ina t ion (near ' po le -on ' ) . M y suggest ion is t o ex tend t h e s t a n d a r d s tars as far as 
possible t o a h igher va lue of Vsini ( ~ 350), so far a s n o emiss ion l ines a r e observed . 

Maeder: I n c o n n e x i o n w i t h Prof. Pecker ' s r e m a r k , I will firstly a d d t h a t t h e fact tha t we d o n o t 
k n o w the law of r o t a t i o n ins ide t he s ta r s is a b lack po in t in t he theo ry of r o t a t i n g mode l s . I n t ha t re ­
spect , we m a y pe rhaps h o p e t h a t t h e c o m p a r i s o n s be tween obse rva t i ons a n d m o d e l s b r ing some in­
fo rma t ion o n this subject . Secondly , so-called observable quan t i t i e s l ike Vsini in fact a r e es t imated by 
m e a n s of theoretical m o d e l s . 

Garrison: Th i s m a y seem t o be a comica l r e m a r k , b u t I will m a k e it semi-seriously. Pe rhaps we 
shou ld choose s tars wi th l a rge Vsini a s s t a n d a r d s . A t least t h e n we k n o w they a r e n o t pole-on a n d it 
shou ld b e a m o r e h o m o g e n e o u s g r o u p . 

FitzGerald: T o a d d t o D r G a r r i s o n ' s r e m a r k tha t pe rhaps t he fast r o t a t i o n shou ld be used as s t and­
a rds , it shou ld be r e m a r k e d t h a t t h e r e w a s a p a p e r a t A t h e n s sugges t ing t h a t A m s ta r s w e r e s low 
r o t a t o r s , in which e lement differentiat ion cou ld occur , whereas in t h e m o d e r a t e r o t a t i o n mix ing 
occurs prevent ing e lement different iat ion. T h u s the ' n o r m a l ' s ta rs su i tab le for s t a n d a r d s should be the 
m o d e r a t e r o t a t o r s . 

Hanbury-Brown: T h e angu l a r d i ame te r s of 32 s tars have been m e a s u r e d a t N a r r a b r i Obse rva to ry 
r ang ing in spectral type f rom 0 5 t o F 8 . 1 will send a list of these s ta r s t o Prof. G o l a y for cons idera ­
t i on as possible m e m b e r s of his list of s t a n d a r d s tars . 

Pecker: W h e n o n e shifts f rom a g r o u p of s ta rs of a given b r igh tness t o a less br ight , m e t h o d s of 
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obse rva t ion a re changed . F o r example , (1) very br ight s tars a re s tud ied wi th very large d ispers ion; 
a b u n d a n c e s e tc . a r e de te rmined . (2) b r igh t s tars a r e s tudied wi th lower s p e c t r o g r a p h s reso lu t ion a n d 
a r e m o r e n u m e r o u s . (3) still m o r e n u m e r o u s , less br ight s tars a r e ava i lab le for 7-colour p h o t o m e t r y 
(for example) e t c . . . . T h e s ta rs t o be used as s t anda rds for g r o u p (n) have t o be t aken in g roups (1) 
(2 ) . . . {n — 1), b u t the smal ler the n is , t he smal ler is the n u m b e r of s t a n d a r d s ta r s t ha t a r e n o t mons te r s , 
t h a t a r e 'safe*. By going t o la rger a n d la rger g roups , o n e improves t he s ampl ing , o n e de te r iora tes the 
qual i ty of the ' s t a n d a r d ' physical character is t ics of this sampl ing . T h e whole th ing is essentially a 
m a t t e r of successive a p p r o x i m a t i o n s , a n d of the choice of ' p r o p e r e q u i l i b r i u m ' between the comple te ­
ness of the sampl ing a n d t h e physical m e a n i n g of this sampl ing . 

Lamia: W h i c h effects h a v e faint l ines in y o u r 7-colour sys t em? Y o u c o m p a r e y o u r in tegrated 
br ightness values wi th m o d e l intensi t ies which give, I guess, the c o n t i n u u m wi thou t l ines. 

Golay: N o , we use the m o d e l s of P e y t r e m a n n (Thesis , G e n e v a (1970) which inc lude the opacit ies of 
meta l l i c l ines. 

Garrison: I t is pe rhaps useful t o clarify t he s i tua t ion regard ing ' s t a n d a r d ' s ta rs in t he M K system. 
F o r this pu rpose we can t a lk a b o u t f u n d a m e n t a l s t anda rds , which a r e those s ta r s t o wh ich the M K 
sys tem is a n c h o r e d ; a b o u t p r i m a r y s t a n d a r d s , which a r e those s ta rs t ha t have been s tudied extremely 
carefully, such as t he ones listed in t h e J o h n s o n - M o r g a n p a p e r ; a b o u t secondary s t anda rds , which 
a r e s ta r s within a given set of p la tes wh ich fit t he above s t a n d a r d s a n d l ook very n o r m a l ; a n d a b o u t 
t he n o n - s t a n d a r d types which a r e s ta rs t h a t a r e observed carefully a n d classified carefully us ing the 
M K system. These lat ter s ta rs shou ld n o t be used with the s ame weight , in genera l , as the fundamenta l 
o r p r i m a r y s t anda rds as representa t ives of the M K system. I n Prof. G o l a y ' s pape r , for example , he 
h a s referred t o the pape r b y the Cowley ' s a n d the Jaschek ' s as s t a n d a r d . I t h ink tha t Prof. Jaschek 
w o u l d agree t ha t h is pape r is in t he last ca tegory . 

Hack: Because of the uncer t a in ty of osci l la tor s t rengths a n d because of the difficulty to fit stellar 
a tmospher ica l mode l s a n d obse rva t ions , p r o b a b l y the safest way t o der ive a tmosphe r i ca l chemical 
compos i t i on is the m e t h o d of the differential curve of g rowth . H e n c e we need s t a n d a r d s tars for 
wh ich we have good da t a o n spect ra l energy d is t r ibut ion , Ba lmer d i scont inu i ty e tc . so as to have 
re l iable da t a o n 7 e f f a n d g, a n d F s i n i < 20 k m s - 1 , a n d to cor re la te all these s t a n d a r d s t o the Sun by 
a ' g r id ' of s t anda rds cover ing the who le H R d i ag ram, tha t is by c o m p a r i n g a GO V to the Sun , a F 8 V 
t o t h e GO V a n d so o n . 

Keenan: In connec t ion wi th y o u r list of s t a n d a r d s tars for obse rva t ion in a s m a n y ways as possible I 
w o u l d r e c o m m e n d first the inc lus ion of all t he s tars in the lists t ha t M o r g a n a n d I will inc lude in o u r 
review art ic le t ha t is c o m i n g o u t in Annual Reviews of Astronomy and Astrophysics next year . These 
lists a r e no t r eady yet, bu t in the m e a n t i m e I shall send you soon a sho r t list of s o m e s tars , most ly 
fainter t h a n V=6.5, t ha t c a n be cons idered as type s tars of s o m e of t he special p o p u l a t i o n g roups . If 
y o u d o observe these in y o u r c o l o u r sys tem it will be very in teres t ing t o see h o w you dis t inguish t h e m 
f r o m the o rd ina ry s tars of types G , K a n d M . T h e types tha t I give in the list represent m y mos t 
recent ones . 

Murray: I wou ld like t o pu t in a plea for m o r e late type dwarfs a m o n g t h e s t a n d a r d s ; there is only 
o n e in Go lay ' s lists. T h e r e a r e obv ious difficulties d u e t o faintness a n d p r o b a b l e dupl ic i ty of m a n y of 
these s tars , bu t accura te ca l ib ra t ion of the i r luminosi t ies a r e very i m p o r t a n t . F o r t u n a t e l y m a n y of 
these s ta rs have g o o d t r i gonome t r i c para l laxes , a n d soon there will be m o r e para l laxes avai lable for 
Vyssotsky ' s s ta rs which a r e o n t he observ ing lists of several pa ra l l ax observers . 

Gliese: T h e d is tance de t e rmina t i ons of Vyssotsky 's s tars (which a r e d K 8 t o d M 2 ) is no t sufficient 
s ince t he m a x i m u m of t he luminos i ty funct ion in the solar n e i g h b o u r h o o d is supposed t o be in the 
reg ion of the d M 8 s tars . P r o b a b l y t he m o s t p romis ing way is by t h e para l lax p r o g r a m of the U S N O 
in c o m b i n a t i o n wi th R, I m e a s u r e m e n t s wh ich a l low the ca l ib ra t ion of t he {Mv, R—I) r e la t ion of these 
very red dwarfs . Th i s r e la t ion shou ld b e used for la te- type red dwar fs , for ins tance , near t h e galact ic 
poles . 

Jones: I have observed 700 M s ta r s wi th 30 A interference filters: 
7460 W i n d o w 
7100 T i O 
6830 C a H 
6076 W i n d o w . 

A s was first shown by O h m a n C a H is luminos i ty sensitive. O n the present sys tem T i O : C a H is a 
dwarf /giant d i scr imina tor wi th a m p l i t u d e ~ 0.4 m a g . 7460-6076 corre la tes well wi th R—/and p h o t o ­
me t r i c paral laxes can be de t e rmined f rom the m?46o vs /W7460 — meoie p lot . T h e T i O s t rength correla tes 
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well with tha t observed by W i n g . A t t he C o r d o b a S y m p o s i u m he p r o p o s e d a n e w spectral type scale 
for dwarfs , based o n g ian t s w i th t h e s a m e T i O s t rength . I suggest t h e s a m e s t a n d a r d s be a d o p t e d here . 
I n par t icular I confi rm W i n g ' s conc lus ion tha t P r o x i m a Cen tau r i is ~ .04 of a spectra l type earl ier 
t h a n Wolf 3 5 9 . 1 have obse rved t h e 100 M s ta r s d iscovered by M c C a r t h y a n d his co -worker s in t h e 
S o u t h Galac t i c C a p . A b o u t 25 a r e dwarfs wi th m e d i a n p r o p e r m o t i o n ~ 0 ".2. On ly a couple a re closer 
t h a n 20 pa r s . Of course , t he v o l u m e of space searched a t M 6 V is m u c h smal le r t h a n a t MO V. 

Pecker: Theore t ic ians w a n t t o get f rom obse ivers L , M , R9 - t o i n d u c e resul ts o n evolu t ionary 
proper t ies , etc . I t seems t o m e tha t f rom o u r po in t of view, in te res t ing s t a r s a r e necessari ly falling in 
t he region of t he concep tua l (Aft,, a p p a r e n t R a d i u s , a p p a r e n t b ina ry s epa r a t i on ) d i a g r a m where da t a 
a t present a r e sufficiently well k n o w n . ' S t a n d a r d s ' a r e the re in small n u m b e r s ; bu t the use of p h o t o ­
met ry , us ing th i s smal l n u m b e r of objects a s p r i m a r y s t anda rds , m a y ex tend t h e n u m b e r of s tars t ha t 
cou ld be used as secondary s t a n d a r d s . 

F ig . 6 
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