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Abst rac t . Photo-elect r ic measu re s of H a a n d Hfi have been m a d e in a n a t t e m p t t o conf i rm the scatter 
in t he Luminos i ty -Balmer l ine re la t ion predic ted by H a r d o r p a n d S t r i t tma t t e r a s a n effect of Stellar 
r o t a t i o n . 

T h e r e is a well k n o w n c o r r e l a t i o n be tween luminos i ty a n d B a l m e r l ine s t r eng th for 
ea r ly type s ta rs . I n th is c o n n e c t i o n J o n e s (1971) de r ived n e w luminos i t i e s for s ta rs 
i n t h e S c o r p i o - C e n t a u r u s a s s o c i a t i o n a n d c o m p a r e d t h e m w i t h l uminos i t i e s de r ived 
f r o m a n u m b e r of B a l m e r l ine ind ices . I n a recen t p a p e r , H a r d o r p a n d S t r i t t m a t t e r 
(1968b) have sugges ted t h a t c o m p a r i s o n s of t h e k i n d p e r f o r m e d b y J o n e s s h o u ld 
suffer f r o m a n i r reduc ib le sca t t e r b e c a u s e of t h e effects o f Ste l lar r o t a t i o n . A cosmic 
sca t t e r m a y a l so ar i se f r o m differences in t e m p e r a t u r e a n d g rav i ty a t c o n s t a n t lu­
minos i t y , o r f r o m emiss ion l ines a r i s ing in a shell s u r r o u n d i n g t h e s ta r . T h e p re sen t 
inves t iga t ion was u n d e r t a k e n in a n a t t e m p t t o eva lua t e t h e i r r educ ib le sca t te r in t he 
l u m i n o s i t y - B a l m e r l ine r e l a t i on af ter all identif iable sou rces of d i spe r s ion h a d been 
r e m o v e d . 

T h e t w o - c h a n n e l s c a n n e r a t t h e Casseg ra in focus of t h e M t . S t r o m l o 50 in. te lescope 
w a s u sed t o obse rve H a a n d Hj8 in s t a r s in t he S c o r p i o - C e n t a u r u s a s soc i a t i on l isted 
b y J o n e s (1971). T h e s c a n n e r w a s set t o a n exit slit w i d t h of 30.6 A, a n d p r o g r a m m e d 
t o r e a d a t six wave leng ths . T h e s e i n s t r u m e n t a l r e ad ings R(X) we re c o m b i n e d i n t o 
t w o indices . 

2 x R ( 4 8 6 1 ) 

R ( 4961) + R (4761 ) 

2 x R ( 6 5 6 3 ) 
/ < X " r (6642) + R ( 6 4 8 7 ) ' 

T h e ICL i ndex is t h e r ec ip roca l o f t h e Roc def ined b y A n d r e w s (1968) w h o used a 
s l ight ly different b a n d w i d t h , 36 A. E v e n w h e n t h e b a n d w i d t h difference is i g n o r e d , 
t h e c o r r e s p o n d e n c e b e t w e e n t h e m is 

Roc'1 - I<x = + 0 .004 ± 0.008 s.e. pe r s t a r 

for 25 a b s o r p t i o n l ine s ta r s . T h e c o r r e s p o n d e n c e for emi s s ion l ine s t a r s is n o t so 
g o o d b u t th is a l m o s t ce r ta in ly ar i ses f rom int r ins ic var iabi l i ty . 
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I n genera l H a a n d H/? a r e f o r m e d by the s a m e processes in s te l lar p h o t o s p h e r e s a n d 
m a y be expec ted t o co r r e l a t e s t rong ly . O n t h e o t h e r h a n d if t h e B a l m e r l ines a p p e a r 
in emiss ion in a n op t ica l ly t h in r eg ion s u r r o u n d i n g a s t a r the i r d e c r e m e n t is very 
different w i t h H a m u c h t h e s t ronge r . Severa l s t a r s h a v e I<x> 1. a n d a r e i n d i s p u t a b l y 
emis s ion l ine ob jec t s : H D 105435 , 1 1 2 0 9 1 , 120324, 142983 a n d 148184 . I n F igu re 1 
t h e o t h e r s ta rs s h o w a s t r o n g co r r e l a t i on be tween / a a n d If} w i th on ly o n e dev ian t 
s ta r , H D 142184. T h i s is a l so a k n o w n emiss ion s t a r (de V a n c o u l e u r s , 1957). 

I n F i g u r e 2, Mv f r o m J o n e s (1971) is p l o t t e d aga ins t Iff. T h e emis s ion l ine s ta rs 
a r e a r r o w e d a n d t h e c u r v e d l ine refers on ly t o t h e r e m a i n d e r . A p a r t f rom e r ro r s 
of o b s e r v a t i o n t h e res idua l sca t te r is a c o m b i n a t i o n of v a r i a t i o n in If} w i t h t e m p e r a t u r e , 

i o o , ~\ r t 1 1 r 
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Fig . 1. Cor re la t ion of la wi th Ifi, s t a r s wi th la > 1. ( s t rong H a emiss ion omi t t ed ) . T h e a r rowed s tar 
is H D 142 184 which is a lso a k n o w n emission line s ta r (de Vaucou leu r s , 1957). 
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IOO -95 -90 Ip -85 -80 
Fig . 2. Mv f rom Jones (1971) p lo t ted aga ins t //?. T h e a r rowed s tars have emiss ion lines. T h e curved 

l ine is d r a w n to fit only the o thers . 

v a r i a t i o n in gravi ty w i t h l u m i n o s i t y a n d a n y effects of Ste l lar r o t a t i o n . I t is p rac t ica l ly 
imposs ib l e t o d e t e r m i n e t h e d e p e n d e n c e of If} o n t e m p e r a t u r e because of t he h igh 
i n t e rna l co r r e l a t i on of If} o n Mv a n d , in t u r n , of Mv o n t e m p e r a t u r e . T h e d e p e n d e n c e 
m u s t b e d e t e r m i n e d theore t i ca l ly a n d w e a r e ca lcu la t ing t h e r e q u i r e d quan t i t i e s f rom 
t h e v a n Ci t te rs a n d M o r t o n (1970) m o d e l a t m o s p h e r e s in c o - o p e r a t i o n w i t h D r s B .A. 
a n d V. A . Pe t e r son . T o d a t e we h a v e c o m p u t e d la a n d If} on ly for t h e a s y m p t o t i c 
G r i e m t h e o r y a n d d o n o t wish t o p re sen t a n y resul ts un t i l t h e difference be tween 
different b r o a d e n i n g theo r i e s h a s b e e n exp lored . 

I n F i g u r e 3 t he dev i a t i ons Alf} f r o m t h e l ine in F i g u r e 2 a r e p l o t t e d aga ins t A(U— B)0, 
t h e dev ia t ion of each s t a r in F i g u r e 10 of J o n e s (1971) f r o m t h e lower enve lope in 
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t h a t figure defined as 

(U -B)0 = - 0 .672 + 0 . 1 2 1 5 M , . 

F i g u r e 3 exhibi t s a definite c o r r e l a t i o n b u t s o m e such c o r r e l a t i o n is expec ted f rom 
t h e scat ter in Mv w h i c h affects b o t h Alfi a n d A(U— B)0. T h e expec t ed r m s sca t te r 
of + 0.16 in Mv s h o u l d p r o d u c e t h e sca t te r s h o w n b y vec to r A in F i g u r e 3. T h e a p p r o x ­
i m a t e effects of r o t a t i o n a r e s h o w n b y the vec to r s B a n d C . If a n o n - r o t a t i n g s ta r 
c o r r e s p o n d i n g t o H a r d o r p a n d S t r i t t m a t t e r ' s (1968a, b ) m o d e l I I is p laced a t t h e 
o r ig in t h e n the c o r r e s p o n d i n g p o l e - o n s ta r a t b r e a k u p veloci ty will be ca r r i ed a l o n g 
t h e vec tor B whi le t h e c o r r e s p o n d i n g e q u a t o r - o n s ta r is c a r r i ed a l o n g t h e vec to r C . 

+ 05 

• i o a (u -b ) , 
Fig . 3 . Alp devia t ion in F igu re 2 p lo t ted aga ins t A(U— B)0 a s defined in the text . Vector A re­
presents the effect of the expected e r ro r s in Mv ( two s t a n d a r d e r ro r s in Leng th ) . T h e vectors B a n d C 

represent the effect of ro t a t i on a t b reak u p velocity ( B pole-on a n d C e q u a t o r - o n ) . 
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T h e w o r k c o m p l e t e d so far is t h u s qua l i t a t ive c o n f i r m a t i o n of H a r d o r p a n d Str i t t ­
m a t t e r p red ic t ions . I t is h o p e d t o m a k e this con f i rma t ion q u a n t i t a t i v e in t he n e a r 
fu ture . 
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D I S C U S S I O N 

McCarthy: (1) C a n you tell u s t he spect ra l r ange of the Scorp io -Cen tau rus s tars observed here? 
(2) H o w m a n y B8 s tars were inc luded? 
Jones: F r o m BO to B8 , wi th a t least o n e of the lat ter . 
Newell: H a v e you cons idered the possibil i ty of a range in m a s s exist ing a t each (g, 0 eff)-pair, a n d 

whe the r o r n o t such a n effect can con t r i bu t e to the scat ter tha t you obse rve? 
Jones: Whi le a un ique mass- luminos i ty law exists, gravity a n d luminos i ty will be l inked a t cons tan t 

6. W h e n the s tar leaves the ma in - sequence there will be a change in luminos i ty which will break the 
perfect cor re la t ion with gravi ty. I n F igure 3 this will a p p e a r as a n e r ro r in luminos i ty , a n d will m o v e 
the s tars in a paral lel d i rec t ion to the vector A. M o t i o n in a pe rpend icu la r d i rec t ion c a n n o t be ex­
p la ined by this effect. 

Garrison: I will discuss this w o r k t o m o r r o w in m o r e detai l du r ing the session o n ca l ibra t ion of the 
M K system, bu t I would like t o t ake a m i n u t e discuss o n e of the resul ts which is re levant to the 
d i s tance of the Hyades . 

T h e r e is a p rob l em which ar ises if the d is tance m o d u l u s of the H y a d e s is changed f rom 3.0 to 3.2 
or 3.4. I have cons t ruc ted a compos i t e H R d i a g r a m , using M K classifications by e i ther M o r g a n or 
myself o r b o t h of us , of 3 m o v i n g clusters wi th dis tances de te rmined by the convergent p o i n t m e t h o d . 
These a r e the Hyades , a Persei , a n d the I n n e r Reg ion of U p p e r Scorp ius . (See F i g u r e 1, page 120.) 
T h e po in t re levant to t oday ' s d iscuss ion is t h a t , a s suming a d is tance m o d u l u s of 3.0 for t he H y a d e s , 
I get a d is tance m o d u l u s of 6.2 for U p p e r Scorpius , which is exactly w h a t Ber t iau ob ta ined in 1958. 
Howeve r , D e r e k Jones has recently r ede te rmined the Scorpius d is tance m o d u l u s a n d has ob ta ined 
5.8. If t h e H y a d e s is m o v e d fur ther away , t hen U p p e r Scorpius m u s t be m o v e d by a b o u t the same 
a m o u n t . Th is will be in the w r o n g di rec t ion , however , a n d the d iscrepancy between the cluster fitting 
a n d D e r e k J o n e s ' d is tance then becomes m o r e t h a n half a magn i tude , which is n o t easy t o explain 
away . 

Jones: Wi th in the e r rors of obse rva t ion m y convergent po in t for Sco rp io -Cen t au rus agrees with 
t h a t of Ber t iau . In any case t he s tars a r e near ly 90° f rom the vertex o n the average a n d luminosi t ies 
a r e insensit ive to changes in the convergen t po in t . T h e only cri t ical quant i t i es a r e the size of the 
p r o p e r m o t i o n s o n the F K 4 sys tem a n d the correc t ion to N e w c o m b ' s precession a n d m o t i o n of t he 
equ inox . 

Thomas: C o u l d there be differences in t he m e a n ro t a t i on of the c lusters , wh ich w o u l d al ter you r 
conc lus ions? 

Garrison: The re seems to be a cons iderab le difference of op in ion , as i l lus t ra ted by t o d a y s ' discussion, 
concer ing the effect of r o t a t i on o n p h o t o m e t r y . I t is, in any case, unl ikely t ha t smal l differences in 
m e a n ro t a t i on will m a k e a difference. Ex t remely rap id ly ro t a t ing s tars h a v e been left o u t of t he fo rma­
t i on of the m a i n sequence, mos t ly because it is difficult t o de te rmine a u n i q u e spectra l type for such 
s ta r s which exhibit a r ange in exci ta t ion . 

Newell: H a v e you considered the possible effects of a b u n d a n c e differences o n the pos i t ions of the 
m a i n sequences in the H R - d i a g r a m ? T h e r e a r e two dist inct effects. I a m referr ing t o the effect of 
a b u n d a n c e on the intrinsic loca t ion of the m a i n sequence in the H R - d i a g r a m . 

Garrison: I t is possible, by spect ra l classification, to detect me ta l a b u n d a n c e differences a s peculiar­
it ies, even t h o u g h the M K system is defined in only two d imens ions . I n the case of t he H y a d e s s tars 
a n d the a Persei s tars , there seem to be n o significant differences. 
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