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Abst rac t . A c o m p a r i s o n of t h e theoret ica l a n d observed indices has been m a d e for the UBV, u v b y 
a n d the Geneva ' s UBVBi B2 Vi G sys tems. I n the ac tua l s ta te of the p h o t o m e t r i c ca l ibra t ions , coin­
c idence between theoret ical a n d obse rved indices bet ter t h a n 0™1 a r e p r o b a b l y n o t significant. 

1. In t roduc t ion 

T h e c o m p a r i s o n of t h e o r e t i c a l fluxes o b t a i n e d by m e a n s o f m o d e l a t m o s p h e r e s w i th 
o b s e r v e d fluxes c a n b e m a d e in a t least t w o m a n n e r s . By d i rec t c o m p a r i s o n w i t h 
s p e c t r o p h o t o m e t r i c r e c o r d i n g s careful ly ca l ib ra t ed for e x a m p l e re la t ive t o t h e b l ack 
b o d y . A n o t h e r c o m p a r i s o n is pos s ib l e b y m e a n s o f a w i d e o r a n i n t e r m e d i a t e b a n d 
p h o t o m e t r y . O n e m u s t t h e n k n o w t h e ac tua l shapes of t h e p a s s - b a n d s o f t h e p h o t o ­
m e t r y cons ide red . Since it is difficult t o d e t e r m i n e these d i rec t ly w i t h a few pe rcen t 
a c c u r a c y , t he ma jo r i ty o f t h e p a s s - b a n d s of p h o t o m e t r i c sys t ems h a v e b e e n ca l ib ra t ed 
b y m e a n s of s p e c t r o p h o t o m e t r i c r eco rd ings . T h e m e t h o d s o f c a l i b r a t i o n a r e n u m e r o u s . 
T w o difficulties c o m p l i c a t e th i s ind i rec t c a l i b r a t i on , o n t h e o n e h a n d t h e spec t ro ­
p h o t o m e t r i c reference genera l ly (a Ly r ) posesses several a b s o l u t e c a l i b r a t i o n s t he 
respec t ive qua l i t i e s of w h i c h a r e n o t comple t e ly o b v i o u s ; o n t h e o t h e r h a n d , t h e 
i n s t r u m e n t profile of t h e s p e c t r o p h o t o m e t e r is n o t a lways k n o w n expl ic i t ly a n d the 
r e c o r d i n g s a r e p u b l i s h e d in t h e f o r m of a l imi ted n u m b e r o f fluxes m e a s u r e d in m o r e 
o r less ' c l ean ' w i n d o w s o f t h e s p e c t r u m ( the obse rved l ine b l o c k i n g is of ten n o t m e n ­
t i o n e d ) . 

T h i s n o t e i n t ends t o c o m p a r e t h e obse rved sequences w i t h t h o s e c o m p u t e d by 
m e a n s of theore t i ca l m o d e l s te l lar a t m o s p h e r e s ; th i s c o m p a r i s o n is m a d e wi th t h e 
t h r e e fo l lowing p h o t o m e t r i e s : J o h n s o n - M o r g a n ' s UBV, S t r o m g r e n s uvby a n d G e n e v a ' s 
UBVBlB2VYG. I n e ach case , t h e s a m e four m o d e l s will b e used , i.e. t h o s e b y M i h a l a s 
(1966) desc r ib ing m a i n s equence s t a r s be tween B8 V a n d A 2 V. T h e s e a r e m o d e l a t m o ­
sphe re s ca lcu la ted w i t h b l a n k e t i n g b y h y d r o g e n l ines , b u t w i t h o u t me ta l l i c l ines for 
logg = 4 a n d 0 e f f = O . 4 O ; 0 . 4 5 ; 0 . 5 0 ; 0 .55 . F o r e ach p h o t o m e t r y , w e use these m o d e l s 
t o c o m p u t e t h e c o l o u r ind ices b y fo l lowing t h e p r o c e d u r e s r e c o m m e n d e d by t h e 
a u t h o r s w h o h a v e c a l i b r a t e d t h e p a s s - b a n d s of these sys tems . T h e c o m p u t a t i o n 
p r o g r a m is d u e t o E . P e y t r e m a n n . T h e i n t e g r a t i o n s a r e ca r r i ed o u t b y S i m p s o n ' s 
m e t h o d , except for t h e case o f l ines w h e r e t h e p r o g r a m a u t o m a t i c a l l y app l i e s t h e 
t r a p e z o i d a l m e t h o d w i t h a n i n t e g r a t i o n s tep t h a t var ies a c c o r d i n g t o t h e r eg ion o f t h e 
s p e c t r u m . T h e resul ts o b t a i n e d differ s o m e t i m e s f r o m t h o s e p u b l i s h e d b y o t h e r a u t h o r s . 
T h e s e differences m u s t p r o b a b l y b e a t t r i b u t e d t o different m e t h o d s o f i n t eg ra t i on . 
H e r e , t he th ree c o m p a r i s o n s a r e m a d e by a p p l y i n g the s a m e c o m p u t a t i o n a l t e chn ique . 

B. Hauck and B. E.Westerlund (eds.), Problems of Calibration of Absolute Magnitudes and Temperature of Stars, 156-162. 
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2. UBV P h o t o m e t r y 

T h e d e t e r m i n a t i o n o f th i s p h o t o m e t r y ' s p a s s - b a n d s h a s been t h e ob jec t o f n u m e r o u s 
c o m m e n t s w h i c h we will n o t r epea t . A difficulty ar i ses f r o m t h e fact t h a t t he obse rva ­
t i o n s of t h e indices U—B a r e n o t c o m p l e t e l y r e d u c e d to o u t s i d e t h e a t m o s p h e r e . 
O n the o t h e r h a n d , t h e ex is ten t c a l i b r a t i o n s use different a b s o l u t e s p e c t r o p h o t o m e t r i c 
references. Le t u s c o n s i d e r t h r e e r ecen t d e s c r i p t i o n s : 

A. PROCEDURE OF AZUSIENIS AND STRAIZYS (1969) 

I n T a b l e I o f t h e p a p e r b y t he se a u t h o r s , f ou r r e s p o n s e cu rves r e s t o r e t h e p r o b a b l e 
profi les o f t h e o r ig ina l n a t u r a l sys tem. T h e s e a r e t h e func t i ons (pvp; q>Bp; cpB; cpv. 
W e c o m p u t e t h e n a t u r a l ind ices b y t a k i n g M i h a l a s (1966) m o d e l s for Fk 

T h e n o r m a l i z a t i o n p r o p o s e d b y t h e a u t h o r s is 

U-B = C V . B - 1.33 

B — V = C B _ K + 0 . 6 7 . 

T h i s h a s b e e n e s t ab l i shed by m e a n s of s p e c t r o p h o t o m e t r i c r e c o r d i n g for wh ich the 

c a l i b r a t i o n of a L y r a d o p t e d b y C o d e (1960) is cons ide red . 

B. PROCEDURE OF MATTHEWS AND SANDAGE (1963) 

O n e m u s t a d o p t for t h e t h r ee filters UBV the r e s p o n se cu rves S(X)l g iven in T a b l e A l 
by M a t t h e w s a n d S a n d a g e (1963) ; these c o r r e s p o n d t o t h e n a t u r a l r e s p o n se for t h e 
zen i th of M o u n t - W i l s o n . T h e ca l cu l a t ion of t h e n a t u r a l ind ices of t h e m o d e l s is 
o b t a i n e d by m e a n s o f t h e r e l a t i o n s : 

T h e t r a n s f o r m a t i o n s r e c o m m e n d e d b y M a t t h e w s a n d S a n d a g e (1963) t o o b t a i n t he 

s t a n d a r d indices a r e 

I / - B = 0.921 ( I I - b \ - 1.308 

B-V = 1.024(b~v)l + 0 . 8 1 . 

T h e y h a v e been o b t a i n e d w i t h s p e c t r o p h o t o m e t r i c c o n t i n u a ca l i b r a t ed after t h e a L y r 
desc r ip t ion f r o m C o d e (1960). N o b l o c k i n g co r r ec t i on is app l i ed . 

CB.V = 2.5 log Fk(pv dX - 2.5 log Fx<pB dA. 

C v - B = 2.5 log FxcpBp dA - 2.5 log Fx<pvp dA 
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C . P R O C E D U R E O F M A T S U S H I M A A N D H A L L (1969) 

T h a t is the M a t t h e w s a n d S a n d a g e ' s m e t h o d modif ied on ly b y the c h a n g e of coefficients 
in t h e t r a n s f o r m a t i o n s t o s t a n d a r d 

U- B = 0.896(w - 6 ) ! — 1 2 8 8 
B — V = 0 . 9 8 2 ( 6 — v)x + 0 . 7 9 1 . 

T h e s e a u t h o r s have c o m p u t e d t h e m by filtering s p e c t r o p h o t o m e t r i c r eco rd ings cal i­
b r a t e d by H a y e s ' (1970) c a l i b r a t i o n of a Lyr . M o r e o v e r , t hey a p p l i e d co r r ec t i on 
e s t i m a t i o n s for t h e effect o f t h e h y d r o g e n l ines a b s e n t in t h e s p e c t r o p h o t o m e t r i c 
c o n t i n u a (b lock ing c o r r e c t i o n ) . 

F i g u r e 1 represen t s w i th a d o t t e d l ine t he theore t i ca l s equences A , B a n d C c o m ­
p u t e d by m e a n s of t he a b o v e m e n t i o n e d p r o c e d u r e s , for t h e fou r m o d e l s o f M i h a l a s 
(1966) . T h e full l ine is t h e obse rved s equence defined by J o h n s o n (1966). 

3 . u vby Photometry 

A c c o r d i n g to C r a w f o r d (1966) t h e op t i ca l t r ansmi s s ion o f t he filters is sufficient t o 
define t h e p a s s - b a n d s of t h e uvby p h o t o m e t r y . I t suffices t o k n o w in a d d i t i o n a no r ­
m a l i s a t i o n c o n s t a n t for e a c h filter ( th i s is equa l t o say ing t h a t over t h e w i d t h of each 
filter o n e cons ide r s t he r e s p o n s e o f t h e cell , t he reflect ions o f t h e m i r r o r a n d a t m o ­
sphe r i c t r ansmi s s ion t o b e free of c h r o m a t i c effects). M a t s u s h i m a (1969) h a s pub l i shed 
op t i ca l profiles as well a s t h e n o r m a l i s a t i o n c o n s t a n t s w h i c h c a l i b r a t e t h e sys tem. 
T h e s e resul t f rom a filtration of s p e c t r o p h o t o m e t r i c c o n t i n u a c o h e r e n t w i th t h e cal i ­
b r a t i o n of a Lyr by H a y e s (1970). A p a r t i c u l a r c o r r e c t i o n is e s t i m a t e d t o c o m p e n s a t e 
for t h e effect of t he H<5 l ine o n t h e v filter. N o co r r ec t i on for b l o c k i n g is necessary for 
t h e indices u-b a n d b-y. W e h a v e a p p l i e d th i s p r o c e d u r e t o t h e four m o d e l s by M i h a l a s . 
F i g u r e 2 r ep resen t s wi th a d o t t e d l ine t h e resu l t ing c o m p u t e d sequence . T h e observed 
s equence is t he o n e e s t ab l i shed by M a t s u s h i m a (1969) a s b e i n g t h e bes t m e a n of 
o b s e r v a t i o n s for t h a t r eg ion of t h e m a i n s e q u e n c e ; th is is s h o w n wi th a full l ine. 

4. UEVB^VjG Photometry 

T h e p a s s - b a n d s o f t h e G e n e v a O b s e r v a t o r y p h o t o m e t r i c sys t em h a v e been d e t e r m i n e d 
b y R u f e n e r a n d M a e d e r (1971). T h e m e t h o d app l ies a l so s p e c t r o p h o t o m e t r i c c o n t i n u a 
a s m e a n s of c a l i b r a t i o n b u t is r a t h e r different f rom t h o s e u sed for t h e a b o v e m e n t i o n e d 
p h o t o m e t r i e s . I ndeed , i n s t ead o f e s tab l i sh ing c o h e r e n c e b e t w e e n t h e s p e c t r o p h o t o ­
m e t r i c d a t a a n d t h e a c t u a l o b s e r v a t i o n s by m e a n s of a l i nea r t r a n s f o r m a t i o n o r by t h e 
cho ice of add i t ive c o n s t a n t s , th i s m e t h o d seeks, by m e a n s o f a r e p r e s e n t a t i o n by 
F o u r i e r series, a n o p t i m u m a d j u s t m e n t of t h e func t ion S(X) = r(X)s(X)e(X) wh ich , 
a p a r t f rom giving the op t i ca l r e s p o n s e of each filter a l so cha rac t e r i s e s t h e s t a n d a r d 
sys tem. W e h a v e r(X) for t h e reflectivity of t he te lescope a n d t h e t r a n s m i s s i o n of t he 
F a b r y lens. s(X) r ep resen t s t h e electr ical r e sponse of t he p h o t o m u l t i p l i e r . z{X) co r rec t s 
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I I -JL 1 1 • • 

-.20 -.10 0 .10 . 20 (B-V) 
Fig. 1. C o m p a r i s o n of the observed a n d c o m p u t e d sequences for the response cu rves : (A) Azusienis 

a n d Straizys (1969); (B) M a t t h e w s a n d Sandage (1963); (C) M a t s u s h i m a a n d Hal l (1969). 

t h e res idual imper fec t ions of t h e r e d u c t i o n s ou t s ide t h e a t m o s p h e r e . T h i s func t ion is 
c lose t o un i ty . 

T w o ca l i b r a t i ons o f t h e reference s t a r (a L y r ) h a v e b e e n used , t h o s e b y C o d e (1960) 
a n d by H a y e s (1970). T h e s p e c t r o p h o t o m e t r i c c o n t i n u a used w e r e t h o s e of O s ta r s 
a n d subdwar f s s h o w i n g very few s t r o n g l ines . 55 C y g w a s a l so u sed b u t w a s we igh ted 
m u c h less. N o c o r r e c t i o n o f b l o c k i n g in t h e sense of M a t s u s h i m a w a s m a d e , F i g u r e 3 
s h o w s M i h a l a s ' m o d e l s filtered w i t h t h e G e n e v a p h o t o m e t r y p a s s - b a n d s ; n o n o r ­
m a l i s a t i o n is necessary . D o t t e d l ine A is a c c o r d i n g t o C o d e ' s (1960) ca l i b r a t i on , 
d o t t e d l ine B a c c o r d i n g t o H a y e s (1970). T h e s equence wi th a full l ine is t h e obse rved 
sequence . 
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5. Conclusion 

F o r these t h r ee c o m p a r i s o n s o f t h e s a m e m o d e l s w i t h t h e o b s e r v e d sequences , t he 
fluctuation of t h e dev i a t i ons f r 6 m co inc idence is essent ia l ly d u e t o t h e e r ro r s o f 
def in i t ion of t h e p a s s - b a n d s . V a r i o u s p rocesses used b y p h o t o m e t r i s t s for o b s e r v a t i o n s 
a n d c a l i b r a t i o n of the i r sys t em a r e m u c h t o o i n a c c u r a t e , t he i r use s h o u l d cease i.e. 

(1) T h e pa r t i a l r e d u c t i o n o u t a t m o s p h e r e . T h a t is t o say i g n o r i n g t h e t e r m s K2C 
a n d K3 in t h e fo l lowing exp res s ion 

m0 = m z - KtFz - K2CFZ - X 3 F | , 

I 1 1 1 1 I I 

-.20 -.10 0 .10 .20 (b-y) 
Fig . 2. Compar i son of t he observed a n d compu ted sequences following M a t s u s h i m a (1969). 
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I I I I I I I 

-1.2 -1.1 -1.0 -0.9 -0.8 [B-V] 
Fig. 3. C o m p a r i s o n of t h e observed a n d c o m p u t e d sequences w i t h : (A) C o d e ' s ca l ib ra t ion ; 

(B) Hayes ca l ibra t ion . 

w h e r e m09 mz a r e t h e m a g n i t u d e s respect ively o u t a t m o s p h e r e a n d a t g r o u n d , C is t h e 
c o l o u r i n d e x o f t h e s t a r , Fz t h e a i r m a s s a n d Ku K2 a n d K3 t h e e x t i n c t i o n coefficients. 

(2) Ident i fy ing o f t h e filter's op t i c a l r e sponse w i t h r e s p o n s e of t h e n a t u r a l sys tem. 
T h i s impl ies , in t h e filter's spec t ra l in te rva l , t o neglec t t h e sensi t iv i ty v a r i a t i o n s of t h e 
P M as well a s t h e m i r r o r s ref lect ing p o w e r va r i a t i ons . 

(3) T h e empi r i ca l e s t i m a t e o f b l o c k i n g c o r r e c t i o n s a p p l i e d t o t h e ca l i b r a t i ng 
s p e c t r o p h o t o m e t r i c c o n t i n u a ( f requent ly neglec ted c o r r e c t i o n ) . 

(4) T h e fact t o r e m e d y t o i t e m s 1 t o 3 t h r o u g h a l i nea r r e l a t i o n b e t w e e n t h e ca lcu la ted 
a n d obse rved c o l o u r s gives p a s s - b a n d s o n l y a d a p t e d t o t h e s t a r s cons ide r ed for 
c a l i b r a t i o n (in genera l u n r e d d e n e d B a n d A s tars ) . 
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I n t h e p re sen t s ta te of t h e a r t c o n c e r n i n g m e t h o d s of c a l i b r a t i o n of these p a s s - b a n d s , 
t h e co inc idence of a t heo re t i ca l s e q u e n c e wi th a n obse rved s equence is mi s l ead ing a n d 
is ce r ta in ly n o t m o r e signif icant t h a n a dev ia t i on f r o m co inc idence < 0 T 1 . I t is n o t 
easy t o i m p r o v e th i s s i t u a t i o n . N^ay b e t h a t a h a r m o n i s a t i o n o f t h e m e t h o d s o f ca l ib ra ­
t i o n a n d t h e use o f c o n t i n u o u s s p e c t r o p h o t o m e t r i c d e s c r i p t i o n s ca l i b r a t ed p r o p e r l y 
for a se lect ion of s ta rs i n c l u d i n g in p a r t i c u l a r r e d d e n e d O s ta r s w o u l d a l l ow t o r educe 
these unce r t a in t i e s of c a l i b r a t i o n . A n a l t e rna t ive s o l u t i o n w o u l d be t h e very careful 
g loba l c a l i b r a t i o n of n a t u r a l sys tem (filter, P M , te lescope) re la t ively t o phys ica l 
s t a n d a r d s of r a d i a t i o n a n d t h e q u a s i s i m u l t a n e o u s o b s e r v a t i o n s o f t h e cons ide red 
p h o t o m e t r y s t a n d a r d s t a r s . 
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D I S C U S S I O N 

Jaschek: I wou ld jus t like t o m a k e a brief historical c o m m e n t . At L a P la ta we have m a d e a p h o t o ­
met r ic ca ta logue (which is n o w a t t he p r in t e r ) in which we have collected all photoe lec t r ic measure ­
men t s m a d e after those of S tebbins 1917. As a by-p roduc t we have tr ied t o m a k e ou t wha t co lor 
sys tem each observer used. F o r t he nea r ly t w o t housand references listed, we were uncapab l e of 
get t ing details for a b o u t o n e th i rd , s imply because the observers d id n o t b o t h e r t o tell if they used 
filters a n d what k ind of photocel ls they used. Such a p rocedure is even t o d a y followed by s o m e var iable 
s ta r observers w h o measure t o 1 % accuracy a n undefined a n d i r reproduc t ib le quan t i ty . 
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