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Abstrac t . A t t en t ion is d r a w n to i m p o r t a n t sys temat ic effects in the ca l ib ra t ion p r o c e d u r e d u e to the 
acc identa l e r ro rs in the measu red luminos i ty cr i ter ia . T h e present s ta te of the luminos i ty ca l ibra t ions 
in t he M K system is reviewed wi th reference to recent w o r k based o n p r o p e r m o t i o n s a n d rad ia l 
velocit ies, a n d o n t r igonomet r i c para l laxes , resul t ing in evidence for cor rec t ions of a b o u t — 0.4 m a g . 
for t h e K 0 - K 5 , I I I s tars . Brief reference is m a d e t o the deve lopments wi th r ega rd t o t he MV(K) 
sys tem. 

T h e present r epor t summar i ze s t he pr inc ipa l e lements of the review presented a t t he sympos ium. 

1. Avoidance of Using a 'Biassed' Calibration Curve 

T h e p r o b l e m of the c a l i b r a t i o n of l uminos i t y cr i ter ia is essent ial ly t h a t of es tab l i sh ing 
t h e r e l a t i on be tween t h e m e a s u r e d q u a n t i t y / (say, a n in tens i ty r a t i o in t h e s p e c t r u m ) 
a n d t h e a b s o l u t e m a g n i t u d e , M. I t is c o m p l i c a t e d by (a) t h e o b s e r v a t i o n a l e r ro r s in 
/ ; ( b ) t h e c i r c u m s t a n c e t h a t for a g iven / , t h e l u m i n o s i t y m a y d e p e n d o n still o t h e r 
f ac to r s such as u n r e s o l v a b l e dup l ic i ty , o r stel lar r o t a t i o n a n d t h e ang l e of o r i e n t a t i o n 
of t h e r o t a t i o n a l axis , o r chemica l a b u n d a n c e . F a c t o r s l ike these m a y be desc r ibed 
t o c a u s e a ' c o s m i c ' sca t t e r w i t h respec t t o a s t a n d a r d re l a t ion b e t w e e n / a n d M. 
T h e y will be d iscussed in m o r e de ta i l e l sewhere d u r i n g th i s s y m p o s i u m . F o r t h e 
p r e s e n t i n t r o d u c t i o n I shal l i g n o r e these ' c o s m i c e r r o r s ' in M a n d a s s u m e t h a t for 
e r ro r f ree va lues of / a s t r ic t r e l a t i on be tween / a n d M exists . A t t e n t i o n will b e d r a w n 
he re t o t h e i m p o r t a n c e of t h e r a n d o m e r ro r s in / as a cause of systematic e r ro r s in 
t h e de r ived M , if n o p r o p e r p r e c a u t i o n s a r e t a k e n in de r iv ing t h e c a l i b r a t i o n r e l a t ion . 
T h e m a t t e r has been d iscussed p rev ious ly (B laauw, 1963), b u t a r e - p r e s e n t a t i o n , wi th 
a s o m e w h a t s impler a p p r o a c h , seems useful. 

T h e sys temat ic eifect re fer red t o is a func t ion of t h e f requency d i s t r i b u t i o n of the 
a b s o l u t e m a g n i t u d e s , cp(M); for r e a s o n s of s implici ty we shall a s s u m e it t o b e gauss ian 
w i t h d i spe r s ion a. W e fur ther , a l so for t h e s ake of s impl ic i ty , shal l a s s u m e t h e re la t ion 
b e t w e e n M a n d t r u e / t o b e l inear , M = a / + j ? , a n d the m e a n e r r o r of / t o be fit. 
T h e f requency d i s t r i b u t i o n of / , F(I), is t h e n a lso gauss i an , w i t h d i spe r s ion a / a = <71-. 
F i g u r e s l a , b , c show, respect ively , a sec t ion of t h e d i s t r i b u t i o n func t i on q>(M), t h e 
c o r r e s p o n d i n g d i s t r i b u t i o n F(I), a n d t h e r e l a t i onsh ip be tween / a n d M. 

S u p p o s e we select f r o m t h e s a m p l e a s u b g r o u p w i t h obse rved va lues of / in t h e 
in te rva l Al a r o u n d IQ (IQ c h o s e n a rb i t r a r i ly ) . F o r these , a m e a n a b s o l u t e m a g n i t u d e 
is d e t e r m i n e d , e i ther b y t r i g o n o m e t r i c o r b y secular p a r a l l a x e s : M'. W e shal l a s s u m e 
th i s v a l u e of M' t o b e e r ror - f ree . T h e d a s h e d r e l a t i o n in F i g u r e 1c, is o b t a i n e d by 
p l o t t i n g t h e va lue M' o b t a i n e d in th i s w a y for t h e selected s u b g r o u p a t IQ a s well 
a s t h e va lue M" o b t a i n e d s imilar ly for a s u b g r o u p a t IQ. IQ is a l so a rb i t r a r i l y chosen . 
N o w , th i s d a s h e d r e l a t i on is not t o b e identif ied w i t h t he s tr ict r e l a t i o n M = a / + / J , 
w h i c h o u g h t t o be used as a c a l i b r a t i o n curve for c o n v e r t i n g o b s e r v e d / i n to M. 

B. Hauck and B. E. Westerlund (eds.), Problems of Calibration of Absolute Magnitudes and Temperature of Stars, 47-56. 
All Rights Reserved. Copyright © 1973 by the IAU. 
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F ig . 1. (a) T h e frequency d i s t r ibu t ion of abso lu te magn i tudes , a s s u m e d to be gauss ian . (b) T h e 
co r r e spond ing frequency d is t r ibu t ion for t he luminos i ty cr i ter ion / , a s suming a l inear re la t ion between 
M a n d / . (c) T h e biassed ca l ib ra t ion re la t ion M = ail+0i (dashed line) a n d the correc t re la t ion . 

M=aI + 0 (d rawn line). 

U s e o f th is b iassed ( s o m e t i m e s ca l led ' pa r t i a l ' ) d a s h e d l ine M=oc1I+pl h a s , in t h e 
pa s t , led t o s p u r i o u s c onc lu s ions , a s w e shall m e n t i o n be low. 

F o r d e t e r m i n i n g t h e p r o p e r r e l a t i on M = a / + / ? , we p r o c e e d by se lect ing t h e va lues 
M' o r M" o b t a i n e d before a n d a s k i n g : wh ich a r e t h e p r o p e r va lues of I b e long ing 
t o t h e m ? W e shall d e n o t e these by 7C' a n d 11, s o t h a t M'= a7 c ' + /? e tc . 7C' differs f rom 
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IQ because , in t h e s u b s a m p l e AIQ we h a v e col lected error-affected va lues of l 0 w h i c h 
h a p p e n t o have a r r i ved in th i s in te rva l as a resul t o f t h e m e a s u r i n g e r r o r s in / . T h e 
essent ia l p o i n t , t h e n , is, t h a t t he m e a n of t he t r u e va lues of / in th i s s u b s a m p l e is 
n o r m a l l y not ident ica l t o IQ b u t differs f rom i t sys temat ica l ly . I n t h e p r e s en t case , 
m o r e objects wi th t r u e va lue I>IQ h a v e c r ep t in t h a n objec ts w i t h I<IQ, d u e t o 
t h e s lope of t he func t ion F(I). A pos i t ive c o r r e c t i o n the re fo re h a s t o b e app l i ed t o 
IQ t o o b t a i n t he t r u e va lue of / c o r r e s p o n d i n g to M'. S imi lar ly a nega t ive co r r ec t i on 
h a s t o be app l i ed t o IQ. N O c o r r e c t i o n need be app l i ed t o t h e va lue IQ c o r r e s p o n d i n g 
t o Mm, t he a b s o l u t e m a g n i t u d e for w h i c h cp(M) is a t m a x i m u m , for r e a s o n s of sym­
m e t r y . W e have , M m = a / w + / ? = a /™+/? . I t c a n be s h o w n easily t h a t 

rf rm j'f jm _2 , 2 

I' Tm J" fm rr2 

i 0 1 0 7 0 1 0 u i 

T h e t h u s co r rec t ed p o i n t s ( A T , 7C ') a n d (M\ I") define t h e co r r ec t c a l i b r a t i o n re la t ion 
M=otI+p; i t c o n t a i n s t h e p o i n t ( M m , 7 c

w ) = ( M m , / £ ) . 
Clear ly , t h e c h a n g e i n s lope f r o m t h e t r u e r e l a t ion t o t h e b iassed o n e is such , t h a t 

u s i n g the la t te r for c o n v e r t i n g o b s e r v e d va lues of / i n t o M l eads t o a n u n d e r e s t i m a t e 
of t h e s p r e a d in t h e a b s o l u t e m a g n i t u d e s . Typ ica l e x a m p l e s of th i s effect, w h i c h c a n 
b e very ser ious , h a v e b e e n m e n t i o n e d in t he ar t ic le q u o t e d ( B l a a u w , 1963). 

O n c e the co r rec t r e l a t ion ( A f = a / + / ? ) is u s e d for c a l i b r a t i n g a g iven set of va lues 
of / i n t o My t h e r esu l t ing d i s t r i b u t i o n of M is, of cou r se , affected b y t h e r a n d o m 
e r r o r s of / in such a w a y as t o b r o a d e n the (gauss ian) d i s t r i b u t i o n of M. Th i s effect 
m u s t be cons ide red q u i t e s epa ra t e ly f rom t h a t desc r ibed before . E .g . t h e d e t e r m i n a ­
t i o n of the p r o p e r c a l i b r a t i o n r e l a t i on m a y be b a s e d o n a qu i t e different s a m p l e of 
s t a r s t h a n t hose for w h i c h t h e c a l i b r a t i o n is used , t h e l a t t e r for i n s t a n c e wi th m e a n 
e r r o r [ij of / . T h e ' b r o a d e n e d ' d i spe r s ion of M t h e n is l a rge r t h a n t h e t r u e o n e in t he 
p r o p o r t i o n (of +fijy,2/ai. I f fii = fip t h e n t he resu l t ing effect of u s ing t h e b iassed 
c a l i b r a t i o n cu rve is still a n a r r o w i n g , in the r a t io o , / (o? + / i ? ) 1 / 2 . N e g l e c t i n g t he na r ­
r o w i n g effect of t h e use of t h e b iassed ca l ib ra t i on cu rve m a y , for e x a m p l e , lead t o 
a se r ious u n d e r e s t i m a t e of t h e w i d t h of the g ian t b r a n c h in t he H R d i a g r a m . 

2 . The Calibration of the M K Luminosity Classes 

T h e M K spec t ra l a n d l u m i n o s i t y classif icat ion sys tem r e m a i n s a m o s t useful f r ame 
of reference for classif icat ion sys tems in genera l , a l t h o u g h for c e r t a in d o m a i n s of t h e 
a r r a y it is g r adua l l y b e i n g r ep l aced b y o the r , q u a n t i t a t i v e , sys tems . F o r t h e O , B 
a n d A s tars th is is t h e case w i t h respec t t o t h e i n t e r m e d i a t e - b a n d u, v, b9 y sys tem 
p l u s Hp p h o t o m e t r y , especia l ly m a k i n g use of t h e q u a n t i t i e s c1 =(w— v) — (v — b) 
a n d m1=(v — b) — (b—y) a n d t h e r e b y a d d i n g t h e t h i rd d i m e n s i o n : m e t a l a b u n d a n c e . 
F o r t h e la te t ype s ta rs t h e l u m i n o s i t y es t imates t h r o u g h t h e m e a s u r e s of t he C a + 

reversa l s g radua l ly s u p e r s e d e t h e v isua l luminos i ty e s t ima tes . Severa l refined n a r r o w 
a n d i n t e r m e d i a t e b a n d sys tems , d iscussed e lsewhere a t th is s y m p o s i u m , r ep resen t 
fu r the r i m p r o v e m e n t s . 
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A. PRINCIPAL METHODS OF CALIBRATION 

F o r a d i scuss ion of t h e s t a tu s of t h e c a l i b r a t i o n of t he M K sys tem, reference t o F i g u r e 
2 is useful . I t ind ica tes , by m e a n s of t h e differently h a t c h e d r eg ions , t h e app l icab i l i ty 
of t h e t h r e e p r inc ipa l bas ic m e t h o d s for t h e c a l i b r a t i o n : t r i g o n o m e t r i c pa ra l l axes , 
secu la r pa ra l l axes ( m o r e g e n e r a l : t h e use of p r o p e r m o t i o n s p lu s r ad i a l veloci t ies) , 
a n d t h e ze ro -age m a i n s equence fi t t ing p r o c e d u r e . 

T h e m o s t f u n d a m e n t a l m e t h o d , t r i g o n o m e t r i c pa ra l l axes , app l ies t o t h e m a i n 
s equence s ta rs F 5 t h r o u g h M , a n d a l so t o a ce r ta in ex ten t t o t h e g ian t s of classes 

Fig. 2. T h e applicabil i ty of t he three m e t h o d s for luminosi ty ca l ib ra t ion ( t r igonomet r i c para l laxes , 
p rope r m o t i o n s plus radia l velocities, a n d fitting of the zero age m a i n sequence) for the var ious 

doma ins of the H R d i a g r a m in the M K classification system. 
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G 5 I I I t o la te K I I I , a n d t o t h e i n t e r m e d i a t e classes IV. T h e secular p a r a l l a x m e t h o d 
o v e r l a p s wi th it for m a i n s equence classes F 5 t h r o u g h G 5 , for classes F 5 I V t h r o u g h 
KO IV, a n d for G 5 I I I t o la te K I I I , b u t ex tends fu r the r a l o n g t h e m a i n sequence 
u p w a r d s t o class B8 V a n d a l o n g t h e g i an t s d o w n t o t h e M I I I types , a n d t o t h e g ian ts 
G 5 t h r o u g h K of class I I . T h e z e r o age m a i n sequence fitting p r o c e d u r e over laps 
w i t h t h e secular pa ra l l axes u p w a r d f rom m a i n sequence types A 5 , a n d s o m e w h a t 
in t h e d o m a i n of t h e G , K I I s t a r s . 

Obv ious ly th is de sc r ip t i on is r a t h e r s chemat i c , b u t it he lps te l l ing w h i c h m e t h o d ( s ) 
will b e m o s t useful for t h e i m p r o v e m e n t of t he p re sen t c a l i b r a t i ons . I n all m e t h o d s , 
t h e r eg ion of t he H e r t z s p r u n g g a p (see F i g u r e 2) , d u e t o its very scarce p o p u l a t i o n , 
r e m a i n s p o o r l y ca l ib ra t ed , b u t d u e t o th is very scarci ty t h e n e e d for th i s ca l ib ra t ion 
r e m a i n s l imi ted. 

I n t h e fo l lowing p a r a g r a p h s we review s o m e recen t i m p r o v e m e n t s of t h e ca l ib ra ­
t i o n s as c o m p a r e d t o a b o u t ten yea r s a g o (B laauw, 1963). See a l so S c h m i d t - K a l e r 
(1965) . W e d o n o t i nc lude in th is d i scuss ion ce r ta in differential , t h o u g h very in teres t ­
ing effects, l ike stel lar r o t a t i o n a n d a b u n d a n c e effects. 

F o r a d i scuss ion of t h e accurac ie s wi th in t h e classif icat ion sys tem M K itself we 
refer t o analys is by J a s c h e k a n d J a s c h e k (1971) ; I t a p p e a r s t h a t t h e ave rage uncer ­
t a i n t y of a single classif icat ion ( d u e t o a var ie ty of sources of e r r o r ) is less t h a n 0.6 
l u m i n o s i t y class, a n d 0.6 o r m o r e in t he spec t ra l type . 

B. RECENT IMPROVEMENTS THROUGH THE USE OF SECULAR PARALLAXES 

T h e m o s t c o m p r e h e n s i v e recen t d i scuss ion is by J u n g (1970). T h e p r o c e d u r e us ing 
p r o p e r m o t i o n s a n d r ad i a l veloci t ies , a n d referred t o as a m a x i m u m l ike l ihood 
m e t h o d , a i m s a t finding such a d i s t r i b u t i o n of d i s tances of s ta rs of a g iven s a m p l e 
( spec t ra l a n d luminos i ty t y p e , a p p a r e n t m a g n i t u d e ) as t o give t h e ' b e s t ' fitting of 
p r o p e r m o t i o n s ( conve r t ed t o t a n g e n t i a l velocit ies) t o r ad i a l veloci t ies . I t is essential ly 
iden t ica l t o t he m e t h o d app l i ed l o n g a g o t o m o r e l imi ted m a t e r i a l a n d w i t h m o r e 
res t r ic ted c o m p u t a t i o n a l facilities (for ins tance , S t r o m b e r g , 1933, 1936) ; however , 
t h e use of m o d e r n c o m p u t e r s a l lows m o r e diversified so lu t ions . T h e m e t h o d obvious ly 
is of grea tes t i m p o r t a n c e w h e r e t r i g o n o m e t r i c pa ra l l axes fail o r a r e of l imi ted u s e : 
i.e. for s tars of types A , F V a n d G , K , M I I I . 

Bas ic ma te r i a l in J u n g ' s ana lys i s a r e t h e s ta rs in t h e Br igh t S t a r s C a t a l o g u e (Hoff-
leit, 1964) for w h i c h p r o p e r m o t i o n s a n d r ad i a l veloci t ies a r e a l m o s t c o m p l e t e . T h i s 
cho ice impl ies t h a t t h e resu l t s a p p l y v i r tua l ly on ly t o P o p u l a t i o n I a n d D i s c p o p u l a ­
t i o n , t h e p e r c e n t a g e of l o w m e t a l a b u n d a n c e s ta rs be ing very low. 

T h e p r inc ipa l resul t s b y J u n g a r e s u m m a r i z e d in T a b l e s I a n d I I for classes V a n d I I I , 
respect ively, in t h e c o l u m n s h e a d e d ' P . M . + R a d . Ve loc . ' . T h e c o l u m n B A D (1963) 
r e p r o d u c e s resul ts g iven by t h e a u t h o r (B laauw, 1963) in Basic Astronomical Data. 
T h e n u m b e r s of s t a r s u sed by J u n g a r e i nd ica t ed u n d e r n. 

F o r classes V, B 8 - G 8 , t h e n e w resul t s a re sys temat ica l ly a b o u t 0.2 m a g . b r igh te r -
b u t th i s is a lso t h e u n c e r t a i n t y i n h e r e n t t o t he sys tem d u e t o t h e imper fec t ions of t he 
m e t h o d . F o r classes I I I , G 5 - M 4 , t h e i m p r o v e m e n t s a r e m o r e s t r i k ing : for K O - M 
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T A B L E I 

M K Class V ; Mv per appa ren t m a g . 

P . M . + R»ad. veloc. Tr igon . para l l . 

B . A . D . J u n g J ^ B n J u n g J - B 
(1963) (1970) (1971) 

B 8 - 0 . 5 - 0 . 7 - 0 . 2 
9 0.0 0.0 0.0 

A O + 0.5 + 0.5 0.0 
1 + 0.8 + 0.6 - 0 . 2 
2 + 1.2 + 0.7 - 0 . 5 
3 + 1.5 + 0.8 - 0 . 7 
5 + 1.8: + 1.5 - 0 . 3 
7 + 2 .0 : + 1.6 - 0 . 4 : 

F 0 + 2 .4 : + 2.3 - 0 . 1 : 
2 + 2 .8 : + 2.5 - 0 . 3 : 
5 + 3.2 + 3.0 - 0 . 2 
6 + 3.5 + 3.2 - 0 . 3 
8 + 4.0 + 3.5 - 0 . 5 

GO + 4.4 + 4.1 - 0 . 3 
2 + 4.7 + 4.3 - 0 . 4 
5 + 5.1 + 4.9 - 0 . 2 
8 + 5.5 + 5.5 0.0 

140 

134 + 0.2 - 0 . 4 34 

106 + 0.6 - 0 . 6 24 
81 + 1.4 - 0 . 1 22 

52 + 1.2 - 0 . 7 : 17 

60 + 2.5 - 0 . 1 : 26 

80 + 3.3 + 0.1 40 

60 + 3.4 - 0 . 6 35 

57 + 4.3 - 0 . 2 29 

29 + 4.8 - 0 . 5 32 

T A B L E II 

M K Class I I I ; Mv per appa ren t mag . 

B . A . D . 
(1963) 

P . M . + 

J u n g 
(1970) 

R a d . veloc. 

J - B n 

Tr igon . para l l . 
J u n g J - B 
(1971) 

n 

G 5 + 0 .4 : + 0.3 - 0 . 1 : 51 
+ 0.2 - 0 . 2 8 + 0.4 + 0.2 - 0 . 2 170 + 0.2 - 0 . 2 70 

K O + 0.8 + 0.1 - 0 . 7 176 + 0.4 - 0 . 4 48 
1 + 0.8 + 0.5 - 0 . 3 98 + 0.4 - 0 . 4 19 
2 + 0.8 + 0.2 - 0 . 6 95 + 0.6 - 0 . 2 54 
3 + 0.1 - 0 . 3 - 0 . 4 88 - 0 . 2 - 0 . 3 48 
4 - 0 . 1 - 0 . 8 - 0 . 7 133 

- 0 . 3 - 0 . 1 41 5 - 0 . 3 - 1 . 0 - 0 . 7 
133 

- 0 . 3 - 0 . 1 41 

MO - 0 . 4 : - 1 . 2 - 0 . 8 : 66 
2 - 0 . 4 : - 1 . 5 - 1 . 1 : 28 
4 - 0 . 5 : - 1 . 7 : - 1 . 2 : 

https://doi.org/10.1017/S0074180900055078 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900055078


THE CALIBRATION OF LUMINOSITY CRITERIA 53 

t h e v isual luminos i t i e s a r e a b o u t 0.5 m a g . b r igh te r , w h i c h s h o u l d b e a significant 
i m p r o v e m e n t in view of t h e u n c e r t a i n t y of ± 0 . 2 m a g . 

L j u n g g r e n a n d Oja (1965, 1966) a r r i ved a t s imi lar co r r ec t i ons for G 8 - K 5 , I I I s tars 
(see T a b l e I I I ) , f r o m a n ana lys i s of p r o p e r m o t i o n s a n d r ad i a l veloci t ies in t h e con tex t 
of a ca l i b r a t i on s tudy of t h e U p p s a l a p h o t o m e t r i c sys tem (see a l so be low) . 

C. RECENT IMPROVEMENTS THROUGH THE USE OF TRIGONOMETRIC PARALLAXES 

Resu l t s of a recen t c o m p r e h e n s i v e s t u d y of t he use of t r i g o n o m e t r i c pa ra l l axes b y 
J u n g (1971) a r e a lso g iven in T a b l e s I a n d I I , las t c o l u m n s . A g a i n , t h e s ta r s in t h e 
Bright Stars Catalogue a r e u sed , w i t h pa ra l l axes f rom t h e c a t a l o g u e of J e n k i n s (1954). 
A special effort was m a d e t o t a k e i n t o a c c o u n t t h e sys temat i c effects poss ib ly en te r ing 
i n t o t h e resul ts as a c o n s e q u e n c e of t h e r a n d o m e r ro r s in t he pa ra l l axes in c o m b i n a ­
t i o n w i t h t he special cho ice of t h e s a m p l e : objects w i t h (obse rved ) pa ra l l axes ex­
ceed ing a cer ta in n u m e r i c a l l imi t . A l s o inves t iga ted w a s t h e inf luence of sys temat ic 
c o r r e c t i o n s t o t h e J e n k i n s pa ra l l axes . 

F o r classes V, F 2 - G 8 , t h e n e w resu l t s a r e sys temat ica l ly a b o u t 0.3 m a g . b r igh te r t h a n 
t h e 1963 ' B A D ' v a l u e s : t h e differences p r o b a b l y a r e significant. F o r t h e A V s ta rs 
( T a b l e I ) a s imi lar c o r r e c t i o n is i nd i ca t ed . H e r e t he n u m b e r s of s t a r s in t h e s a m p l e 
a r e necessar i ly very l imi ted . F o r classes I I I , G 8 - K 5 (Tab l e I I ) , a g a i n a sys temat ic 
nega t ive co r r ec t ion of several t e n t h s of a m a g n i t u d e is f o u n d w h i c h a p p e a r s significant. 
I t d e p e n d s s o m e w h a t o n w h e t h e r t h e J e n k i n s pa ra l l axes a r e sys temat ica l ly co r rec ted 
o r n o t by — 0' '035 as p r o p o s e d b y Schi l t (1954). F o r these spec t ra l classes L junggren 
a n d Oja (1966) a r r ive a t a s o m e w h a t la rger nega t ive c o r r e c t i o n , a b o u t - 0 . 6 m a g . 
o r t h e average (Tab le I I I ) . 

Summarizing t h e resul ts f rom secular a n d t r i g o n o m e t r i c pa ra l l axes , w e c o n c l u d e t h a t 
for l uminos i t y class V, t ypes A t h r o u g h G , t he ear l ier c a l i b r a t i ons w e r e a b o u t 0.25 
m a g . t o o fa in t ; t h a t for l u m i n o s i t y class I I I types K 0 - K 5 these ear ly resul ts were 
a b o u t 0.4 m a g . t o o fa in t ; a n d t h a t for t h e G I I I s ta rs a n d t h e M I I I s ta rss mai le r , 
respect ively larger nega t ive c o r r e c t i o n s a r e ind ica ted . 

T A B L E I I I 

M K Class I I I ; Mv per appa ren t m a g . 

Ljunggren -f Oja (1966) 

B . A . D . 
(1963) 

p . m . 
+ rad. -vel . 

L O - B trig, 
para l l . 

t . p . -

G 8 + 0.4 + 1.0 + 0.6 + 0.6 + 0.2 

K 0 + 0.8 + 0.2 - 0 . 6 + 0.1 - 0 . 7 
1 + 0.8 + 0.8 0.0 
2 + 0.8 + 0.3 - 0 . 5 - 0 . 1 - 0 . 9 
3 + 0.1 - 0 . 2 - 0 . 3 
4 - 0 . 1 - 0 . 5 - 0 . 4 - 0 . 9 - 0 . 8 
5 - 0 . 3 - 1 . 4 - 1 . 1 
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All va lues in Tab l e s I t o I I I refer t o a select ion of s t a r s ' p e r a p p a r e n t m a g n i t u d e ' , 
i.e. c o n t a i n i n g t h e b i a s o f in t r ins ica l ly b r igh te r s t a r s o f a c e r t a in s u b t y p e h a v i n g 
b e e n selected over a l a rge r v o l u m e of space t h a n the in t r ins ica l ly fa in t s t a r s . A s h a s 
b e e n p o i n t e d o u t before ( B l a a u w , 1963) these va lues a r e a b o u t ha l f a m a g n i t u d e 
b r i g h t e r t h a n va lues re fe r r ing t o a se lect ion p e r v o l u m e of space . 

C o r r e c t i o n s t o the u p p e r p a r t o f t h e ca l i b r a t i on t a b l e in t h e ' B A D ' v o l u m e a re 
n o t s tud ied h e r e ; these w o u l d b e d u e largely t o t h e a p p l i c a t i o n of t h e ze ro age m a i n 
s equence fitting p r o c e d u r e . I n th i s d o m a i n of t h e spec t ra l a n d l u m i n o s i t y classes 
( O , B , A ) t h e p rac t i ca l v a l u e of t h e luminos i t i e s in t h e M K sys tem is n o w r ap id ly 
b e i n g supe r seded by t h e q u a n t i t a t i v e p h o t o m e t r i c m e t h o d s (see t h e c o n t r i b u t i o n of 
C r a w f o r d a t th i s s y m p o s i u m ) . 

3 . The MV(K) System 

N o deta i led d i scuss ion of th i s sys tem, i n t r o d u c e d by W i l s o n a n d B a p p u (1957) will 
b e p r e s e n t e d here . I t c lear ly is g o i n g t o be a m o s t i m p o r t a n t s o u r c e for a b s o l u t e 
m a g n i t u d e s in t he r a n g e o f spec t ra l types G 5 a n d la te r for all l u m i n o s i t y classes, a n d 
t h e r e b y a lso a n i m p o r t a n t bas is for ca l i b r a t i ons of t h e v a r i o u s v isual ( M K ) a n d 
p h o t o m e t r i c l uminos i t y cr i te r ia . See, for ins tance , w o r k by H a g g k v i s t a n d Oja (1970) 
o n t h e ca l i b r a t i on of n a r r o w b a n d p h o t o m e t r i c c r i te r ia for F 8 - M 4 s ta r s , especial ly 
of l uminos i t y class I I I . Th i s , h o w e v e r , will r equ i r e fu r the r e v a l u a t i o n of t h e influence 
of chemica l a b u n d a n c e effects o n w h i c h t h e resul ts so far a r e n o t u n a m b i g u o u s . F o r 
a r ecen t review we refer t o W i l s o n (1970) ; m o r e r ecen t p a p e r s dea l ing w i th t he 
sensi t ivi ty of t he m e t h o d t o chemica l a b u n d a n c e a r e by K j a e r g a a r d (1970) a n d H a n s e n 
(1972) , a n d by Y o s s a n d L u t z (1971) , w h e r e a s W i l s o n a n d W o o l l e y (1970) d iscussed 
t h e r e l a t i on w i th s te l lar ages . 
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D I S C U S S I O N 

Schmidt-Kaler: Before open ing these pape r s for discussion I would like to m a k e t w o r e m a r k s o n some 
w o r k d o n e a t B o c h u m conce rn ing p r o b l e m s of intr insic co lours a n d abso lu te visual magn i tudes of 
ear ly type s tars a n d superg ian ts . 

1. The Upper Part of the Zero Age Main Sequence 

Blaauw (1963) h a s cons t ruc ted the u p p e r Z A M S by fitting successively four o p e n clusters a n d o n e 
associa t ion t o the unevolved H y a d e s m a i n sequence. I t seems des i rable (1) t o b r idge t he g a p by fitting 
a n early- type cluster directly to the Pleiades or even to the H y a d e s , a n d (2) to d o so for several clusters 
in o r d e r to check o n possible sys temat ic differences. I n his doc to ra l thesis Vogt (1971) d id this for 
the doub le cluster in Perseus . Al l s ta rs in the 3 6 ' x 60 ' field were m e a s u r e d d o w n to V= 18™0 (al­
toge ther 6742 stars) a s well as 4717 s ta rs in eight symmetr ical ly p laced c o m p a r i s o n fields of equa l 
to ta l a rea . T h e large n u m b e r s of s tars a n d a careful s tudy of the r edden ing a n d its var ia t ions in the 
field m a d e it possible to de t e rmine the r idge line of the m a i n sequence by stat is t ical subs t rac t ion 
d o w n to Mv = + 3.6 resp . + 4 . 0 . T h e resul t is t h a t h Per gives a perfect fit wi th in ± 0 ™ 1 max ima l 
devia t ion to B laauw ' s Z A M S in the interval Mv = + 3 .4 . . . — 1 .3(corresponding to(B — V)0 = + 0.38 
. . . — 0 . 2 1 ) while the unevolved m a i n sequence of % Per in the interval Mv= + 2 . . . - 2 . 5 resp. 
(B- V)0 = + 0 . 1 0 . . . - 0 . 2 7 displays sys temat ic devia t ions f rom B l a a u w ' s Z A M S u p to 0 T 3 . T h e 
cluster x Per appea r s t o be cons iderab ly younger t han h P e r ; the d i s t r ibu t ions of the dwarf emission 
B-stars a n d of the superg ian ts a r e centered o n it, t he only O-star in t he a r ea be longs t o it. A revised 
discussion of Vogt ' s p h o t o m e t r y is in p r epa ra t i on . 

2. The Absolute Magnitudes of OB-Stars and Supergiants 

Recent ly , S to thers (1972) a n d W a l b o r n (1972) presented reca l ibra t ions of the abso lu te magn i tudes 
of superg ian ts a n d OB-s ta rs , respectively. A l though , of course , s o m e i m p r o v e m e n t is possible we 
wish t o po in t ou t tha t - wi th the present mate r ia l - n o significant differences be tween the new a n d 
the old ca l ibra t ions (Blaauw, 1963; Schmid t -Ka le r , 1965) a r e evident . 

I t is well k n o w n tha t the scat ter of the abso lu te visual magn i tudes for a given M K - t y p e in this region 
of t he Her tzsprung-Russe l l -d iagram is a b o u t < T M = ± 0™6. F o r example , t he m e a n s t anda rd devia t ion 
for supergiants f rom S to the r s ' (1972) w o r k is ± 0 ™ 5 4 ; a large pa r t of th is scat ter is d u e to the fact 
t h a t the M K - s y s t e m pu t s the s ta rs in discrete boxes. 

Assuming tha t the d is tance de t e rmina t i ons for the reca l ibra t ions a n d the first app rox ima t ions of 
t he abso lu te magn i tudes as given in the Landol t -Borns te in Tab les a r e free of e r ro r s we will cer ta inly 
underes t ima te the var iance of t he differences of the ca l ibra t ions . App ly ing S tuden t ' s test to the 
differences AMV (S to thers m i n u s Schmid t -Ka le r ) only o n e difference significant o n the 2 % error-level 
(for t he A l a s tars + 0.5 ± 0.4), a n d o n e jus t marginal ly significant difference (for t he O B l b s tars 
— 0.2 ± 0.2 o n the 5 % error- level) is found . T h e selection of A l a s tars is, however , for the m o s t pa r t 
t a k e n f rom associa t ions wi th uncer ta in t ies in d is tance m o d u l u s . Even t h e well-s tudied associa t ion 
Pe r O B I gives rise to d o u b t : S to the r s ' d iscussion led h i m to a s sume (m — M)0 = 11.5 while W a l b o r n ' s 
e n d s u p with 11.65 which w o u l d lead t o AMV = + 0.4. A t t he level of 0™2, of course , systemat ic e r ro rs 
of var ious origin c o m e in to play. 

App ly ing S tuden t ' s test o n t he s a m e a s sumpt ions to the differences AMV ( W a l b o r n m i n u s Schmid t -
Ka le r ) only two jus t marg ina l ly significant differences a r e f o u n d : for t he 0 - B 3 l a s tars AMv 

= — 0.5 ± 0.4, for the BO-2.5 V s tars + 0.5 ± 0.4, b o t h on the 5 % error- level , is observed . W a l b o r n ' s 
revised M K classification a p p e a r s m o r e accura te a n d m a y lead t o s o m e w h a t smal ler scatter . But 
even with GM = ± 0 . 3 n o o t h e r even marg ina l ly significant differences a r e no ted . O n the o the r h a n d 
W a l b o r n ' s selection of m a i n sequence B s ta r s con ta ins a large p r o p o r t i o n of a l m o s t unevolved s tars , 
t he Z A M S being jus t a b o u t 0™5 fainter t h a n the average class V B star . 

F r o m the present discussion it is evident tha t the basic need in reca l ibra t ing the high luminosi ty 
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a reas of the M K - s y s t e m is for m o r e ca l ib ra t ion s tars . These shou ld be m e m b e r s of m a n y different 
g r o u p s a n d clusters in o rde r t o min imize poss ible systematic e r ro rs in indiv idual cases . O n e a n d the 
s a m e p rocedure shou ld be used to find redden ings a n d d i s tances ; the co lou r s shou ld be evaluated 
s imul taneous ly . Final ly , a h o m o g e n e o u s d is t r ibu t ion of ca l ibra t ing s tars over the a reas considered 
shou ld be a imed a t . I n the last th ree years D r s Moffat, Vogt a n d myself observed photoelectr ical ly 
(in UBV) a t the B o c h u m S o u t h e r n S ta t ion 80 sou the rn open clusters which h a d t hus far never been 
s tudied , a n d photographica l ly 12 n o r t h e r n open clusters thus far uns tud ied . They con ta in qui te a 
few O B - a n d Be-stars a n d superg ian t s of all spectral classes. W o r k o n their M K classification has 
j u s t begun . 
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Eggen: Ca l ib ra t ion of M K luminos i ty classification - W h y ? Even for the br ight s tars classifiers 
have difficulty in agreeing o n the classifications a n d since the use on faint s ta rs is the rea l end p roduc t , 
it wou ld appea r t o be dange rous t o app ly a n y ca l ib ra t ions - a t least a t the present t ime . 

Blaauw: I see the following use of the M K - l u m i n o s i t y c l a s s i f i ca t i ons -and hence of their ca l ibra t ion 
in these fields: 

(a) F o r individual s tars a M K spec t rum m a y give m o r e easily the luminos i ty es t imate t h a n p h o t o ­
me t ry , especially if one th inks of the r edden ing p rob lem. 

(b) F o r br ight s tars , the M K system prov ides a f rame of reference for newly deve lop ing classification 
sys tems. E.g. , a n a r r o w b a n d p h o t o m e t r y system, as long as it has been appl ied t o a l imited n u m b e r 
of s ta rs , c an bet ter be ca l ibra ted wi th respect t o M K t h a n by analysis of t r igonomet r i c paral laxes 
a n d p r o p e r mo t i o n s . This la t ter , m o r e fundamenta l way of ca l ibra t ing h a s to be used of course , once 
the s ample in the pho tome t r i c sys tem has become large enough . 

(c) F o r faint s tars , objective p r i sm pla tes (as we m a y n o w be get t ing wi th the new large Schmidt 
telescopes equ ipped wi th objective pr i sms , o n sites of super ior seeing) give wholesale M K classification 
possibil i t ies. Wherea s their follow u p wi th p h o t o m e t r y will frequently be desi rable , the M K types a l ­
r eady a l low: 1, selection of the objec ts ; 2, identification of luminosi t ies a n d check o n later to be 
ob t a ined pho tome t r i c luminosi t ies . A con t ro l of spectral features in add i t i on t o the in fo rmat ion from 
p h o t o m e t r y seems as a rule very useful. 

Jaschek: Part ial ly the answer w a s given a l ready by Prof. B laauw bu t I wou ld l ike t o a d d tha t 
spect ra l classification - and therefore its ca l ibra t ion - mus t go o n because of the impossibi l i ty of 
several pho tome t r i c systems t o d is t inguish between reddened a n d u n r e d d e n e d objects of spect ro-
scopical ly different appea rance . Of course o n e canno t d o spect roscopy or p h o t o m e t r y a lone , bu t m u s t 
d o b o t h a n d use t h e m together . 

Keenan: I s it n o t historically t rue tha t the systematic correc t ion t o the or iginal M W cal ibra t ion of 
spec t roscopic para l laxes was m a d e first by Op ik , whose earliest T a r t u pape r preceeded (I th ink) the 
w o r k of Russel l a n d M o o r e ? 

Blaauw: I a m n o t very famil iar wi th t he early historical deve lopmen t s ; D r K e e n a n p robab ly is 
r ight . 
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