
P A R T V 

G R O U N D BASED A N D EXTRATERRESTRIAL 
OBSERVATIONS OF STELLAR F L U X 

https://doi.org/10.1017/S0074180900055194 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900055194


G R O U N D B A S E D A N D 

E X T R A T E R R E S T R I A L O B S E R V A T I O N S O F S T E L L A R F L U X 

A . D . C O D E 

Washburn Observatory, University of Wisconsin, Madison, Wis., U.S.A. 

Abstrac t . T h e significance of recent improvemen t s m a d e in the abso lu te m o n o c h r o m a t i c flux mea ­
su remen t s of the Sun a n d Vega a r e discussed with a special emphas i s on t he abso lu t e ca l ib ra t ion of 
the K-magnitude of s tars . T h e difficulties re la t ing t o the de t e rmina t ion of v a c u u m ultra-violet fluxes 
a r e out l ined a n d the i m p r o v e m e n t s t h a t can be achieved us ing s y n c h r o t o n r a d i a t i o n as the funda­
men ta l l abo ra to ry source a r e presen ted . C o l o u r indices derived f rom O A O - 2 obse rva t i on a re given 
for a b o u t 80 ear ly type s ta rs a n d the (1700 — V) co lour is discussed in t e rms of interstel lar reddening 
a n d sensitivity to effective t e m p e r a t u r e . Basic p rob lems requi r ing fur ther invest igat ion a r e finally 
ou t l ined . 

1. In t roduc t ion 

A b o u t fifteen yea rs a g o I p r e p a r e d a review of t he t h e n c u r r e n t s t a t u s o f o b s e r v a t i o n s 
of s te l lar flux. I w o u l d l ike t o desc r ibe here s o m e of t he signif icant a d v a n c e s t h a t h a v e 
o c c u r r e d since t h a t t i m e a n d c o n c l u d e w i t h several of t h e p r o b l e m s w h i c h still r equ i r e 
a t t e n t i o n . 

T h e a d v a n c e s m a d e in l a b o r a t o r y s p e c t r o r a d i o m e t r y h a v e b e e n i m p o r t a n t in im­
p r o v i n g o u r k n o w l e d g e of s te l lar r a d i a t i o n . T h e s e inc lude t h e m o r e prec ise d e t e r m i n a ­
t i o n of t h e t h e r m o d y n a m i c t e m p e r a t u r e scale a n d t h e e s t a b l i s h m e n t of spect ra l 
i r r a d i a n c e s t a n d a r d s a t t h e N a t i o n a l B u r e a u o f S t a n d a r d s in t h e U n i t e d S ta tes a n d a t 
H e i d e l b e r g , for e x a m p l e . Signif icant a d v a n c e s in i n s t r u m e n t a t i o n a n d d e v e l o p m e n t of 
re l i ab le p o r t a b l e r a d i a t i o n sou rces such as t he C o p p e r b l a c k b o d y fu rnace h a v e 
resu l t ed in i m p r o v e m e n t in a ccu racy . T h e careful m e a s u r e m e n t s of H a y e s a n d of O k e 
a n d Schi ld have t a k e n a d v a n t a g e of these t e chn iques for m e a s u r e m e n t s in the visual 
r eg ion for s ta rs . O u r k n o w l e d g e of t he so la r flux h a s been c o n s i d e r a b l y i m p r o v e d by 
t h e ab i l i ty t o p e r f o r m m e a s u r e m e n t s f r o m a l t i t udes whe re v a r i a b l e c o m p o n e n t s , such 
a s w a t e r v a p o r a n d a e r o s o l s , a r e r e d u c e d t o a n insignif icant level. 

T h e ex tens ion of s te l lar m e a s u r e m e n t s t o t h e inf ra red a n d v a c u u m u l t rav io le t h a s 
o p e n e d u p t h e o p p o r t u n i t y t o d e t e r m i n e empi r i ca l b o l o m e t r i c c o r r e c t i o n s whi le 
subs t an t i a l l y inc reas ing o u r u n d e r s t a n d i n g of t he s te l lar s t r u c t u r e a n d o f t h e in ter ­
s te l la r a n d c i r cums te l l a r m e d i u m . T h e in tens i ty i n t e r f e rome te r m e a s u r e m e n t s of 
s te l lar a n g u l a r d i a m e t e r s b y H a n b u r y - B r o w n a n d assoc ia tes h a s m a d e poss ib le t he 
d e t e r m i n a t i o n o f t h e t r u e e m e r g e n t flux f r o m these objec ts . 

U n t i l recent ly t h e m e a s u r e m e n t of a b s o l u t e fluxes in t h e v a c u u m u l t r av io le t h a s 
b e e n pa r t i cu l a r ly difficult b e c a u s e o f t h e l ack o f su i t ab le r a d i a t i o n sources . T h e 
a p p l i c a t i o n of s y n c h r o t r o n r a d i a t i o n f r o m a s y n c h r o t r o n s t o r a g e r i n g h a s r ep resen ted 
a m a j o r a d v a n c e in v a c u u m u l t r av io l e t energy ca l i b r a t i on . 

T h e s e a d v a n c e s in o b s e r v a t i o n a l a s t r o n o m y h a v e been a c c o m p a n i e d b y equa l ly im­
press ive ach ievemen t s o n t h e t heo re t i ca l s ide. T h e u t i l i za t ion of l a rge digi ta l c o m p u t e r s 
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h a s m a d e poss ib le t he ca l cu l a t i on o f relat ively soph i s t i ca t ed m o d e l a t m o s p h e r e s . G r i d s 
of m o d e l s exist wh ich i nc lude l ine b l a n k e t i n g f rom m a n y ind iv idua l l ines as well as 
s ta t i s t ica l l ine b l a n k e t i n g . In a d d i t i o n t h e effects of N L T E a n d of ex t ended a t m o ­
sphe re s h a v e been inves t iga ted . 1 

T h e s e a d v a n c e m e n t s h a v e clarified m a n y fea tures b u t a l so p r e s e n t e d subs t an t i a l 
n e w p r o b l e m s a n d s o m e signif icant d i sag reemen t s . 

I n w h a t fol lows I shal l desc r ibe s o m e of t he a b o v e inves t iga t ions in m o r e deta i l . 

2 . S o l a r Spec t rum 

A l t h o u g h t h e S u n h a s b e e n s t ud i ed extensively , o b s e r v a t i o n s o f t h e S u n a s a s t a r h a v e 
b e e n l imi ted . U n t i l recen t ly t h e so l a r flux was p r o b a b l y n o t as well d e t e r m i n e d as t h a t 
o f Vega a n d t h e best d a t a o n t he s u n were f o u n d us ing t h e m o n o c h r o m a t i c in tens i t ies 
a t t h e cen te r of t h e d isk a n d t h e m e a s u r e d l i m b d a r k e n i n g . F u r t h e r m o r e , t h e deter­
m i n a t i o n of U, B, V m a g n i t u d e s a n d M K spect ra l t ype a r e c o m p l i c a t e d by the in­
ab i l i ty t o use t he s a m e i n s t r u m e n t a t i o n over th is d y n a m i c r a n g e of s o m e 27 m a g . 

T h e m o s t f requent ly e m p l o y e d d e t e r m i n a t i o n s of t h e so l a r flux h a v e been the c o m ­
p i l a t i o n of J o h n s o n (1954) a n d t h a t of N ico l e t (1951) de r ived us ing l i m b d a r k e n i n g 
d a t a . M o r e recent ly L a b s a n d Necke l (1968) o b t a i n e d m e a s u r e m e n t s of t h e cen t ra l 
in tens i ty f rom 3 3 0 0 - 1 2 5 0 0 A f r o m the Jungf rau joch Scientific S t a t i o n , Swi tze r land 
(a l t i tude 3.6 k m ) wh ich were c o m b i n e d w i th cen te r - l imb v a r i a t i o n s a n d l ine b l a n k e t i n g 
coefficients t o o b t a i n a so l a r flux cu rve . Al l these s tudies i n c l u d e inaccurac ie s in the 
e v a l u a t i o n of t he a t m o s p h e r i c a t t e n u a t i o n a n d the inaccurac ies in d e t e r m i n i n g center-
l i m b va r i a t i ons a n d the l ine b l a n k e t i n g coefficients. 

M o s t c o m p i l a t i o n s of t h e so la r s p e c t r u m be low 3330 A h a v e b e e n b a s e d o n N R L 
r o c k e t m e a s u r e m e n t s g iven by T o u s e y (1963) (cf. F u r u k a w a et al, 1967). F o r the pu r ­
p o s e of d e t e r m i n i n g the to t a l i n t eg ra t ed so la r flux o r effective t e m p e r a t u r e , th i s d a t a is 
c o m p l e t e l y sa t i s fac tory s ince t h e t o t a l flux s h o r t w a r d of 3330 A is less t h a n 3 % of the 
t o t a l r a d i a t i o n . In s tudies of t h e u l t r av io le t a l b e d o of p l a n e t s , howeve r , it is c lear t h a t 
t hese c o m p l i c a t i o n s of t h e so la r U V s p e c t r u m c o n t a i n s y s t e m a t i c e r r o r s (cf. Wa l l ace 
et al, 1972) a n d t h a t t h e e x t r e m e U V is va r iab le . R e c e n t l y B r o a d f o o t (1972) h a s m e a ­
s u r e d t h e so la r flux b e t w e e n 2 0 0 0 - 3 0 0 0 A w i t h a n a e r o b e e r o c k e t s p e c t r o m e t e r a n d 
f o u n d g o o d a g r e e m e n t w i t h t h e ea r l i e r d a t a except in t h e r eg ion o f 2200 A w h e r e t h e 
p r e v i o u s spec t ra h a v e b e e n depressed . 

F o r t h e inf rared be tween 8.6 a n d 13 fi t he d e t e r m i n a t i o n s by Sa idy (1960) a p p e a r 
sa t i s fac tory . T h i s r eg ion o f t h e s p e c t r u m c o n t a i n s o n l y 0 . 1 % of t h e t o t a l ene rgy a n d 
h e n c e is p r imar i l y of i m p o r t a n c e for spec t ra l i nves t iga t ion in th i s r eg ion . 

R e c e n t l y t h e so la r flux f r o m 3000 A t o 2 5 0 0 0 A h a s b e e n careful ly d e t e r m i n e d by 
d i rec t h i g h r e so lu t i on m e a s u r e m e n t s f r o m a N A S A C o n v a i r 990 a i rc raf t (Arvesen et 
al.9 1969). Eleven l o n g d u r a t i o n flights be tween 11.5 a n d 12.5 k m h a v e b e e n car r ied 
o u t u s ing a pa r t i cu la r ly careful ly des igned i n s t r u m e n t a l t e c h n i q u e . T h e resu l t s a re inde­
p e n d e n t of a n y a s s u m p t i o n s a b o u t l ine b l a n k e t i n g o r l i m b - d a r k e n i n g a n d free of 
a t m o s p h e r i c t r a n s m i s s i o n v a r i a t i o n s d u e to ae roso l s o r w a t e r v a p o r . T h e to ta l flux 
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va lue is cons ide red g o o d t o 3 % , whi le t h e m o n o c h r o m a t i c fluxes b e c o m e unce r t a in t o 
a b o u t 6% a t 3200 A, 7 % a t 3100 A, a n d 2 5 % a t 3000 A, t h e m a i n sou rce of unce r t a in ty 
be ing d u e t o t he c a l i b r a t i o n of t h e s t a n d a r d l a m p . T h e a g r e e m e n t w i t h L a b s a n d Necke l 
is g o o d . 

O n the bas is of ex is t ing m e a s u r e m e n t s i t w o u l d a p p e a r t h a t t h e m o s t re l iab le so la r 
s p e c t r u m f rom 2 0 0 0 - 3 0 0 0 A is t h e B r o a d f o o t (1972) s p e c t r u m a n d f r o m 3 1 0 0 - 2 5 0 0 0 A 
t h e Arvesen (1969) s p e c t r u m , whi le l o n g w a r d of 2 5 0 0 0 A a 5800 K grey b o d y a p p r o x i ­
m a t i o n j o i n e d t o t h e Sa idy (1960) s p e c t r u m s h o u l d give a n a d e q u a t e r ep r e s en t a t i on 
of t h e so lar c o n t i n u u m . 

T h e to t a l i n t eg ra t ed flux of t h e S u n resu l t ing f r o m th i s s p e c t r u m is 1360 W m " 2 

( D u n c a n , 1969) wh ich c o r r e s p o n d s t o a n effective t e m p e r a t u r e for t h e S u n o f 5770 K . 
I t is m o r e difficult t o re la te these resul ts t o m e a s u r e m e n t s o f s te l lar flux. T h e spectra l 
t ype of G 2 V for t h e S u n t h a t h a s been d e t e r m i n e d by M o r g a n (S t ebb ins a n d K r o n , 
1957) is as well d e t e r m i n e d as t h a t for o t h e r s tars . H o w e v e r , t h e d e t e r m i n a t i o n of the 
m a g n i t u d e a n d co lo r o f t he S u n h a s p re sen ted difficulties. 

T h e d e t e r m i n a t i o n o f t he visual m a g n i t u d e a n d co lo r of t h e sun by S tebb ins a n d 
K r o n (1957) w a s o n e o f t h e m o s t extensive d i rec t c o m p a r i s o n s of t h e S u n a n d s tars . 
T h e y ob t a ined a visual m a g n i t u d e V= - 2 6 . 7 3 + 0.03 a n d a B-V= + 0 . 6 3 . M a r t i n o v 
(1959) rediscussed all d a t a o n t h e v isual m a g n i t u d e of t h e S u n a n d o b t a i n e d a va lue 
of V= —26.80 + 0 .3 , whi le J o h n s o n (1965) reviewed all r ecen t d a t a o b t a i n e d by va r ious 
ind i rec t m e a n s a l o n g w i t h t h e S t ebb in s a n d K r o n m e a s u r e m e n t s a n d a r r ived a t a 
va lue of V= - 2 6 . 7 4 . D e t e r m i n a t i o n s of t h e B- V co lo r s ince S t e b b i n s a n d K r o n by 
ind i rec t m e a n s h a v e r a n g e d f r o m + 0 . 6 5 to + 0 . 6 8 a n d t h e m o s t r ecen t d e t e r m i n a t i o n 
by F e r n i e et al. (1971) yie lds (B- V) = + 0 . 6 2 8 . 

T h e Sun as a s ta r is p r o b a b l y closely r ep resen ted by a spec t ra l t y p e G 2 V, a B- V 
c o l o r of + 0 . 6 3 , a n d visual m a g n i t u d e of V= - 2 6 . 7 4 . W e shal l r e t u r n t o th is c o m p a r i ­
son , keep ing in m i n d t h e v a r i a t i o n s descr ibed a b o v e after r ev iewing the s t a tus of 
s te l lar flux d e t e r m i n a t i o n s . 

3 . S te l l a r S p e c t r a 

T h e energy d i s t r i bu t i on of Vega a d o p t e d by t h e a u t h o r ( C o d e , 1960) was a c o m p o s i t e 
o n e inc lud ing o b s e r v a t i o n s m a d e a t Jungf rau joch , by K i e n l e a n d his c o - w o r k e r s , 
W i l l i a m s a n d H a l l , a s wel l a s o b s e r v a t i o n s by W h i t f o r d a n d C o d e in t h e red. Subse­
q u e n t o b s e r v a t i o n s by B a h n e r (1963) a n d o t h e r s i nd i ca t ed t h a t t h e B a l m e r j u m p was 
t o o smal l b y a b o u t 0™13. F u r t h e r m o r e t he P a s c h e n c o n t i n u u m c o u l d n o t be sat is­
fac tor i ly r ep resen ted b y m o d e l a t m o s p h e r e ca lcu la t ions . O k e (1964) de r ived a n energy 
c u r v e for Vega b a s e d u p o n t h e bes t m o d e l r e p r e s e n t a t i o n k n o w n in 1964. Inves t iga­
t i o n s by G l u s c h n e v e (1964) , K h a r i t o n o v (1963), a n d W i l l s t r o p (1965) p r o v i d e d im­
p r o v e d ca l i b r a t i ons a l t h o u g h d i sc repanc ies as g rea t as 10% pers i s ted . 

A new a n d careful s p e c t r o p h o t o m e t r i c c a l i b r a t i o n by H a y e s (1967) resu l ted in a 
c o n t i n u o u s energy d i s t r i b u t i o n t h a t w a s in g o o d a g r e e m e n t w i t h t h e p r ed i c t i ons of 
m o d e l a t m o s p h e r e s a n d inc iden ta l ly wi th t he ear ly w o r k of K i e n l e . O k e a n d Schild 
(1970) car r ied o u t a p r o g r a m des igned to m e a s u r e t he a b s o l u t e m o n o c h r o m a t i c flux 

https://doi.org/10.1017/S0074180900055194 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900055194


134 A. D. CODE 

of Vega f rom 3300 A t o 10000 A u t i l iz ing a te lescope , s c a n n e r a n d p h o t o m e t r i c sys tem 
specifically c o n s t r u c t e d for t hese obse rva t i ons . T h r e e r a d i a t i o n sou rces - a t ungs t en 
r i b b o n l a m p , a c o p p e r - p o i n t b l a c k b o d y a n d a p l a t i n u m - p o i n t b l a c k b o d y - were 
di rect ly c o m p a r e d w i t h Vega . I n t h e spect ra l in te rva l f r o m 4 0 0 0 - 6 0 0 0 A t hey q u o t e 
e r r o r s of ± 2 % . B e y o n d th i s r a n g e in t he inf rared a n d u l t r av io le t , sca t t e r as h igh as 6% 
w a s f o u n d , b u t n o sys t ema t i c differences be tween different sets of d a t a . In the reg ion 
f r o m 4000 -6000 A t h e a g r e e m e n t wi th H a y e s is excel lent . F i g u r e 1 c o m p a r e s t he 

1.2r-

I 1 1 1 I I I l i I i i i i I 
3.0 2.8 2j6 2.4 2.2 2D 1.8 1.6 1.4 1.2 1.0 0.8 

Fig. 1. C o m p a r i s o n of different ca l ibra t ions for Vega. 

resul t s of th is inves t iga t ion w i t h several of t he ear l ier ene rgy curves of Vega. T h e r e is 
still a d i squ ie t ing d i s c r e p a n c y s h o r t w a r d of t he B a l m e r d i s con t inu i ty a n d l o n g w a r d of 
t h e P a s c h e n j u m p . I bel ieve t h a t these differences r ep resen t a real is t ic e s t ima te of t he 
overa l l unce r t a in t i e s in t h e ene rgy d i s t r i bu t ion of V e g a a n d c a n suggest n o t h i n g be t t e r 
a t t h e p re sen t t i m e t h a n t o a d o p t t h e m e a n of H a y e s (1970) a n d O k e a n d Schi ld (1970) 
as t h e bes t r e p r e s e n t a t i o n of t h e m o n o c h r o m a t i c flux o f V e g a in t h e spec t ra l in terva l 
3300 t o 10000 A. 

O n t h e bas i s of t he i r inves t iga t ion O k e a n d Schi ld find t h e a b s o l u t e m o n o c h r o m a t i c 
flux a t 5556 A for a L y r t o b e 3.36 x 1 0 " 9 e rgs s " 1 c m " 2 A - 1 . A d o p t i n g a n effective 
wave l eng th of 5480 A for t h e V-filter o f t h e UBV sy s t em t h e y find a va lue of 3.64 x 
x 1 0 ~ 9 e rgs s " 1 c m " 2 A"1 for a s ta r of visual m a g n i t u d e V = 0.00. T h i s n u m b e r is a n 

i m p o r t a n t q u a n t i t y for p r o v i d i n g a m e a n s of c a l i b r a t i n g t h e K - m a g n i t u d e of a s tar . 
T h e precise m e a n i n g o f a n ene rgy curve der ived f rom a w i de b a n d filter p h o t o m e t e r is 
o f cou r se d e p e n d e n t u p o n t h e de ta i l ed energy d i s t r i b u t i o n over t h e filter b a n d pas s a n d 
hence a m b i g u o u s . I sha l l , h o w e v e r , a d o p t t h e p o i n t o f view t h a t t h e K-magn i tude of a 
s t a r r ep resen t s t he in tegra l effective in tensi ty ( C o d e , 1960) d e t e r m i n e d by a p h o t o m e t e r 
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w i t h a b a n d pass cha rac t e r i s t i c as t a b u l a t e d for z e r o a i r m a s s b y M a t t h e w s a n d 
S a n d a g e (1963). T h i s sensi t ivi ty func t ion w a s der ived by t h e a u t h o r b a s e d o n J o h n s o n ' s 
(1955) t a b u l a t e d filter a n d 1P21 r e sponse a n d t h e reflectivity o f t w o a l u m i n u m m i r r o r s . 
If o n e in tegra tes ove r th i s b a n d pas s t h e Oke-Sch i ld ene rgy c u r v e o f Vega , t h e in tegra l 
effective in tens i ty c o r r e s p o n d s t o 3.58 x 1 0 " 9 e rgs s - 1 c m " 2 A"1. I t is of in teres t t o 
c o m p a r e th i s resul t w i t h t h a t f o u n d by i n t eg ra t i ng t h e A r v e s e n so la r s p e c t r u m over 
t he V b a n d pass . If we a d o p t a v isual m a g n i t u d e for t h e S u n of VQ = —26.74 we find 
a n in tegra l effective in tens i ty of 3.65 x 1 0 " 9 e rgs s " 1 c m - 2 A - 1 , whi le t h e r a n g e of 
va lues for t h e v isual m a g n i t u d e of t h e Sun yield va lues f r o m 3.68 t o 3.45. A m e a n 
va lue for t h e in tegra l effective in tens i ty of a s ta r of v isual m a g n i t u d e K = 0.00 a s 
d e t e r m i n e d f r o m t h e so la r s p e c t r u m a n d f r o m Vega i s 3 . 6 1 ± 0 . 1 0 x 1 0 " 9 ergs s " 1 c m " 2 

A - 1 . T h i s resul t is n o t p a r t i c u l a r l y sensi t ive t o t h e de ta i led s h a p e of t he V filter 
sensi t ivi ty cu rve a n d wi th in t h e u n c e r t a i n t y q u o t e d is i n d e p e n d e n t of a n y co lo r t e r m 
for so lar t ype s ta rs o r ear l ier . 

T h a t t he re a re n o la rge sys t ema t i c differences be tween t h e ene rgy d e t e r m i n a t i o n s of 
s ta rs a n d of t he Sun is s h o w n in F i g u r e 2, w h e r e t he difference in m a g n i t u d e s be tween 

t h e m e a n energy d i s t r i b u t i o n of so la r t ype s ta rs w h o s e a v e r a g e B— V co lo r is ± 0 . 6 3 
a n d of t h e S u n a r e c o m p a r e d . T h e 1959 curve w a s d e t e r m i n e d b y t h e a u t h o r ( C o d e , 
1960) based o n ear l ie r d a t a . T h e 1972 cu rve is for t h e s a m e s t a r s u s i n g t h e m e a n of 
H a y e s a n d t h e Oke -Sch i l d c a l i b r a t i o n of Vega a n d t h e A r v e s e n et al so la r s p e c t r u m . 
T h e curves a r e n o r m a l i z e d a t 5556 A a n d s h o w r e m a r k a b l e a g r e e m e n t over t h e en t i r e 
spect ra l reg ion . 

T h e d e t e r m i n a t i o n o f t h e u l t r av io le t ene rgy d i s t r i b u t i o n of s t a r s is still in a re la t ively 
p r imi t ive s ta te , p a r t i c u l a r l y s h o r t w a r d of 1500 A. W h e r e w e s p e a k of differences of a 
few pe rcen t in t h e v isua l , d i sc repanc ies of a fac tor of 3 o r 4 exist in t h e far U V . O n e 
of t he bas ic difficulties h a s b e e n t h e lack of a sa t i s fac tory f u n d a m e n t a l r a d i a t i o n 
source . T h e in tens i ty of a t u n g s t e n l a m p o r c a r b o n a r c falls off t o o r ap id ly t o b e of use 
be low 2500 A. A b l ack b o d y source m u s t be o p e r a t e d a t t e m p e r a t u r e s well a b o v e the 
m e l t i n g p o i n t of a n y me ta l s a n d hence t he sou rce m u s t be in a p l a s m a s ta te . Bo ld t h a s 
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succeeded in deve lop ing a n op t ica l ly th ick a r c r u n n i n g a t a t e m p e r a t u r e of a b o u t 
1 4 0 0 0 K which in p r inc ip l e c a n yield ca l i b r a t i ons t o a b o u t 2 0 % a t 1000 A. 

M o s t energy m e a s u r e m e n t s of s t a r s in t he u l t r av io le t h a v e d e p e n d e d u p o n a m o r e 
ind i rec t ca l ib ra t ion . I n genera l a l a b o r a t o r y reference p h o t o m u l t i p l i e r w i th a s o d i u m 
sal icyla te c o a t i n g h a s b e e n c a l i b r a t e d l o n g w a r d of 2500 A a n d t h e q u a n t u m efficiency 
o f t h e s o d i u m sal icyla te h a s b e e n a s s u m e d to be u n i f o r m as a func t ion of wave leng th . 
T h i s a s s u m p t i o n h a s u sua l ly been checked by the use o f n i t r i c ox ide ion c h a m b e r s a t 
1216 A. A review of m e t h o d s of in tens i ty c a l i b r a t i o n h a s b e e n given by M c W h i r t e r 
(1971). D e s c r i p t i o n s o f t h e c a l i b r a t i o n o f specific p a y l o a d s a r e u sua l ly p re sen ted a l o n g 
w i t h U V d a t a (cf. C a r r u t h e r s , 1969 ; S t u a r t , 1969; E v a n s , 1972). W h i l e accu rac ie s of 
15 t o 3 0 % a r e s o m e t i m e s q u o t e d , differences u p t o a f ac to r of 5 exist . T h e h i s to ry of 
u l t r av io le t s p e c t r o p h o t o m e t r y h a s been o n e of t h e l a rge flux deficiencies re la t ive t o 
theore t i ca l p r ed i c t i ons , w h i c h h a v e m o v e d t o s h o r t e r a n d s h o r t e r wave leng ths as 
t e c h n i q u e s have i m p r o v e d . I t is n o w genera l ly agreed t h a t t he obse rved fluxes a r e in 
r e a s o n a b l e a g r e e m e n t w i th t h e o r y l o n g w a r d of 2000 A, wh i l e ev idence is a c c u m u l a t i n g 
t h a t the re a r e n o la rge flux deficiencies in t he 1200-1500 A r eg ion (Bless a n d C o d e , 
1972). 

O n e of t he m o s t p r o m i s i n g f u n d a m e n t a l sources of u l t ra -v io le t r a d i a t i o n is the 
s y n c h r o t r o n r a d i a t i o n f rom h i g h ene rgy e lec t rons c i r cu la t ing in a s t o r a g e r ing . T h e 
Unive r s i ty of W i s c o n s i n o p e r a t e s a facili ty cons i s t ing of a s y n c h r o t r o n wh ich acceler­
a t e s e lec t rons t o a b o u t 50 M e V , injects t h e m i n t o a s t o r a g e r i n g in w h i c h , af ter fu r ther 
acce le ra t ion t o a b o u t 240 M e V , they can c i rcu la te for m a n y h o u r s . T h e sou rce is 
s t ab le in t i m e , h a s a c o n t i n u o u s ene rgy d i s t r i bu t i on s imi la r t o a B5 s t a r a n d c a n be 
ca l i b r a t ed abso lu te ly . T h e fact t h a t t he energy d i s t r i bu t i on is s imi la r t o a n ear ly type 
s t a r r e m o v e s o n e se r ious sou rce o r e r r o r t h a t ha s p l a g u e d u l t r av io le t c a l i b r a t i o n s in 
t h e pas t , n a m e l y sca t te red l ight p r o b l e m s a n d low rap id ly c h a n g i n g intensi t ies . T h e 
a b s o l u t e in tens i ty of t he b e a m can be d e t e r m i n e d i n d e p e n d e n t l y o f a n y t h e r m o d y n a m i c 
t e m p e r a t u r e scales o r p r e v i o u s a b s o l u t e r a d i a t i o n s t a n d a r d s . T h i s c o m e s a b o u t be­
cause it is poss ib le to m e a s u r e t h e r a d i a t i o n f rom a s ingle e l ec t ron a n d use t h eo ry to 
d e t e r m i n e t he energy d i s t r i b u t i o n , wh ich is very insensi t ive t o t h e e lec t ron energy 
l o n g w a r d o f 1000 A for 240 M e V e lec t rons . W e m a y check t h e t heo re t i ca l c a l cu l a t i ons 
b y m e a s u r i n g the a n g u l a r d i s t r i b u t i o n a n d p o l a r i z a t i o n o f t h e r a d i a t i o n . 

W e usua l ly s ta r t w i t h a b o u t 50 e lec t rons a n d m e a s u r e the s tep-wise decrease in 
in tens i ty of t h e r a d i a t i o n e a c h t i m e a n e lec t ron is ejected f r o m t h e b e a m a n d t h u s o n e 
c a n d e t e r m i n e t he n u m b e r of e l ec t rons p r o d u c i n g a g iven s ignal . W e h a v e ca l ib ra ted 
r o c k e t p a y l o a d s di rec t ly in t h e essent ia l ly co l l i ma t ed s y n c h r o t r o n r a d i a t i o n b o t h 
before a n d after flight ( G a i d e , 1 9 7 1 ; Bless et al, 1972). T h e c a l i b r a t i o n o b t a i n e d by 
th i s m e t h o d agrees well w i th o u r O A O - 2 prefl ight c a l i b r a t i o n a n d is t h e bas i s o f o u r 
p r e sen t abso lu t e energy d e t e r m i n a t i o n s . F igu re 3 s h o w s t h e ene rgy d i s t r i bu t ion of r\ 
U M a as m e a s u r e d b y O A O - 2 e m p l o y i n g th is c a l i b r a t i o n . T h e sol id cu rve is 
f r o m O A O - 2 spect ra l scans . T h e sol id c i rc les a re t he resul t s o f filter m e a s u r e m e n t s 
o b t a i n e d wi th a rocke t c a l i b r a t i o n p a y l o a d . T h e o p e n circles a r e the resul t s of Schild 
et al. (1971), whi le t h e d o t t e d c u r v e resu l t s f rom the H a y e s ca l i b r a t i on . T h e circled 
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c ross is a n O A O - 2 filter m e a s u r e m e n t der ived f rom so la r t y p e s ta r s a n d the Arvesen 
so la r s p e c t r u m . T h e ene rgy d i s t r i bu t i on is s imi lar t o t h a t o f a b l a n k e t e d m o d e l a t m o ­
sphe re wi th a n effective t e m p e r a t u r e of the o r d e r o f 17000 K . E v a n s (1972) h a s ca r r ied 
o u t a c o n t i n u i n g p r o g r a m o n a b s o l u t e ca l ib ra t i on in t h e u l t r av io le t w h i c h diverges 
f r o m o u r resul ts subs t an t i a l ly s h o r t w a r d of 2000 A. T h e E v a n s c a l i b r a t i o n yields a n 
energy curve for r\ U M a s h o w n by the d a s h - d o t cu rve in F i g u r e 3. T h e resul ts 
o f M o o s et al a r e s h o w n by t h e d a s h e d curve . T h e E v a n s c a l i b r a t i o n has been a n 

1000 

rj Ursa Ma jor is B 3 2 

O A O - 2 S c a n 
S c h i l d et. al. O 
A e r o b e e C a l i b . • 

_L 
1500 2 0 0 0 

i i i i i L 
2 5 0 0 

X 
3 0 0 0 3 5 0 0 4 0 0 0 

Fig. 3. T h e energy d is t r ibut ion of nUMa. as measured by O A O - 2 employ ing this ca l ibra t ion. 
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extensive a n d careful o n e a n d t h e source o f t he d i s c r epancy is a t p re sen t u n k n o w n . 
T h e resul ts of C a r r u t h e r s a r e in a g r e e m e n t w i t h t h e W i s c o n s i n d e t e r m i n a t i o n s a n d the 
resul t s of S t u a r t yield s o m e w h a t l a rge r fluxes t h a n the W i s c o n s i n resul t s . T h e r a t io of 
t o t a l i n t eg ra t ed flux for f/UKSa i m p l i e d by t h e difference b e t w e e n t h e Wiscons in a n d 
G o d d a r d c a l i b r a t i o n is 2 w h i c h w o u l d ind ica te a n effective t e m p e r a t u r e o f t h e o r d e r of 
15 000 K for f /UMa for t h e G o d d a r d result . 

F i g u r e 4 shows t h e ene rgy d i s t r i b u t i o n of S M o n b a s e d o n t h e W i s c o n s i n ca l ib ra ­
t i o n . T h e filled circles a r e t h e G e n e v a b a l l o o n resu l t s ( N a v a c h , 1972). T h e s e obse r ­
v a t i o n s h a v e been c o r r e c t e d for a n in ters te l lar co lo r excess o f EB_v = 0t?07 u s ing t h e 

— i i i I i i i i l i i i i i i i i i i i i i * 
IOOO 1500 2 0 0 0 2 5 0 0 3 0 0 0 3 5 0 0 

A 
Fig. 4. Energy d is t r ibut ion of S M o n based o n the Wisconsin ca l ibra t ion. 
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I I I I I I I 1 
1000 2000 3000 4 0 0 0 

X 
Fig. 5. Energy d i s t r ibu t ion of a n u m b e r of reddened B l I s ta rs f rom O A O filter observat ions 

m e a n ex t inc t ion cu rve of Bless a n d Savage (1972) a n d c o m p a r e d w i t h a M o r t o n 
b l a n k e t e d m o d e l for T e f f = 3 7 3 3 3 K . 

T h e Wiscons in a b s o l u t e c a l i b r a t i o n h a s been well d e t e r m i n e d l o n g w a r d of 1300 A 
b u t is n o t based o n a f u n d a m e n t a l c a l i b r a t i o n s h o r t w a r d o f 1300 A, a l t h o u g h it agrees 
well wi th t he L y m a n a l p h a c a l i b r a t i o n by B l a m o n t of his O G O - V i n s t r u m e n t . I t is 
c lear , however , t h a t m u c h w o r k r e m a i n s t o be d o n e o n t h e ene rgy ca l i b r a t i on shor t -
w a r d of 2000 A. 

4 . Interstellar Extinction 

T h e c o m p a r i s o n of u l t r av io l e t m e a s u r e m e n t s of s ta rs w i t h t heo re t i ca l p red ic t ions is 
l imi ted by o u r k n o w l e d g e of t h e in ters te l la r ex t inc t ion cu rve . T h e d i scuss ion b y Bless 
a n d Savage (1972) s h o w s t h a t t h e ex t inc t ion is la rge , va r i ab l e a n d n o n - l i n e a r in t he U V . 
A (B— V) co lo r excess of on ly 0™1 cou ld i m p l y ex t inc t ion a t 1250 A o f as l i t t le as 
0T3 o r as m u c h as 0T7. T h e y h a v e f o u n d , however , t h a t s t a r s of s imi la r B—V co lo r s 
a n d spectra l types d o have t h e s a m e spect ra l d i s t r i b u t i o n in t h e u l t r av io le t a n d the re ­
fore t he sugges t ion by U n d e r h i l l (1972), t h a t va r i a t ions in r e d d e n i n g a r e due to l ine 
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b l o c k i n g , is n o t verified. F i g u r e 5 s h o w s the energy d i s t r i b u t i o n o f a n u m b e r of r e d d e n e d 
B l I s ta rs f r o m O A O filter o b s e r v a t i o n s a l o n g w i th t h e c o m p u t e d cu rve for a B— V 
c o l o r excess of 1 m a g . T h e a g r e e m e n t for these s ta rs w i t h t h e m e a n ex t inc t ion curve 
o f Bless a n d Savage is g o o d . > 

F i g u r e 6 s h o w s a spec t ra l scan o f ^ U M a . T h e in te rna l a c c u r a c y is very g o o d (wi th in 
2%) . T h e reg ion in t h e n e i g h b o r h o o d of 1700 A s h o ws a p r o n o u n c e d m a x i m u m . W e 
h a v e m e a s u r e d m o n o c h r o m a t i c co lo r s a t 1700 A for m a n y ear ly t y p e s ta rs . T a b l e I 
c o n t a i n s t he resul ts for 65 l i t t le r e d d e n e d s tars . T h e m e a n r a t i o o f E1100-V/EB_V is 4.4. 

5 0 0 R -

4 0 0 R 

n 1 1 1 1 1 r 

I? U MO 8 3 7 

2 0 0 h 
(9 
O 

LOOH 

1 0 0 0 

J L_ _l_ 

1 2 0 0 1 4 0 0 

W A V E L E N G T H 

Fig. 6. Spectral scan of n U M a . 

1 6 0 0 

I h a v e d e t e r m i n e d 1700— V n o r m a l co lo r s for these s ta rs . A t w o co lo r p l o t e m p l o y i n g 
these d a t a m a y be f o u n d in t h e p a p e r of Bless a n d Savage (1972). 

W e h a v e chosen 1700 A for several r ea sons . I t is a h i g h p o i n t in t h e c o n t i n u u m a n d 
a l so relat ively free of p r ed i c t ed l ines . I t occur s a t a m i n i m u m in t h e in ters te l la r 
ex t inc t ion cu rve , a n d finally is a t a wave l eng th in t h e B a l m e r c o n t i n u u m w h i c h is least 
sensi t ive t o changes in g rav i ty in m o d e l a t m o s p h e r e ca l cu l a t i ons . T h e 1700— V is o f 
c o u r s e a n o r d e r of m a g n i t u d e m o r e sensi t ive t o c h a n g e s in t e m p e r a t u r e t h a n B—V. 
T h e co lo r index is b a s e d o n t h e W i s c o n s i n a b s o l u t e c a l i b r a t i o n a n d agrees very well 
w i t h M o r t o n ' s b l a n k e t e d m o d e l s . Ident i f ica t ion of t h e ( 1 7 0 0 - V)0 co lo r s wi th m o d e l 
a t m o s p h e r e s p rov ides a n effective t e m p e r a t u r e scale s imi la r t o t h o s e recent ly p r o p o s e d 
o n t h e bas is of o the r cr i ter ia . 
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T A B L E I 

(1700— V) F luxes 

H R N o . Star S p . T y p e V (B V) 1 7 0 0 - V £ l 7 0 0 (B- V)o ( 1 7 0 0 -

2456 S M o n 0 7 4.66 - 0 . 2 4 - 3 . 8 4 0.35 - 0 . 3 2 - 4 . 1 9 
3165 C P u p 0 5 f 2.25 - 0 . 2 9 - 4 . 0 0 0.18 - 0 . 3 3 - 4 . 1 8 
3207 y Vel W C 8 1.82 - 0 . 2 7 - 3 . 9 7 0.22 

1 32 
0 3 5 4 0 0 

- 0 . 3 2 - 4 . 1 9 
1228 £ P e r 0 7 . 5 4.06 + 0.01 - 2 . 8 0 

0.22 
1 32 
0 3 5 4 0 0 

- 0 . 3 2 - 4 . 1 2 
1899 ; O r i 0 9 I I I 2.76 - 0 . 2 3 - 3 . 7 7 

0.22 
1 32 
0 3 5 4 0 0 - 0 . 3 1 - 4 . 1 2 

8622 10 Lac 0 9 V 4.88 - 0 . 2 0 - 3 . 6 4 0.48 - 0 . 3 1 - 4 . 1 2 
1931 a On 0 9 . 5 V 3.83 - 0 . 2 4 - 3 . 8 9 0.26 

1 57 
0 . 3 5 4 9 0 

- 0 . 3 0 - 4 . 1 5 
6175 C O p h 0 9 . 5 Vnn 2.57 + 0.02 - 2 . 5 1 

0.26 
1 57 
0 . 3 5 4 9 0 

- 0 . 3 0 - 4 . 0 8 
1851-52 dOv'x 09.5 I I - I I I 

+ B2 V 
2.20 - 0 . 2 1 - 3 . 5 8 

0.26 
1 57 
0 . 3 5 4 9 0 - 0 . 2 9 - 3 . 9 3 

1948-49 C O r i 09.5 l b 1.74 - 0 . 2 1 - 3 . 4 5 0.26 
1 . 4 7 K 

0 . 1 8 4 9 0 

- 0 . 2 7 - 3 . 7 1 
1542 a C a m 09.5 l a 4.29 + 0.03 - 2 . 2 3 

0.26 
1 . 4 7 K 

0 . 1 8 4 9 0 

- 0 . 2 7 - 3 . 7 0 
1855 v Ori B0 V 4.63 - 0 . 2 6 - 4 . 0 7 

0.26 
1 . 4 7 K 

0 . 1 8 4 9 0 - 0 . 3 0 - 4 . 2 5 
6165 T SCO B0 V 2.82 - 0 . 2 5 - 3 . 9 3 0.22 

0 9 8 4 9 0 0 . 2 2 4 y u 

- 0 . 3 0 - 4 . 1 5 
5953 SSco B0 V 2.33 - 0 . 1 0 - 3 . 1 2 

0.22 

0 9 8 4 9 0 0 . 2 2 4 y u 

- 0 . 3 0 - 4 . 1 0 
1903 £ Ori B0 l a 1.70 - 0 . 1 9 - 3.22 

0.22 

0 9 8 4 9 0 0 . 2 2 4 y u - 0 . 2 4 - 3 . 4 4 
1788 n Ori B0.5 Vnn 3.35 - 0 . 1 9 - 3 . 2 9 0.40 - 0 . 2 8 - 3 . 6 9 
1756 A Lep B0.5 IV 4.29 - 0 . 2 5 - 3 . 8 8 0.13 

° - 7 ° 3 5 0 

- 0 . 2 8 - 4 . 0 1 
5984 fi1 Sco B0 .5V + B 2 V 2.55 - 0 . 0 8 - 2 . 9 9 

0.13 

° - 7 ° 3 5 0 
- 0 . 2 8 - 3 . 6 9 

1220 e Per B0.5 I I I 2.89 - 0 . 1 8 - 3 . 3 4 

0.13 

° - 7 ° 3 5 0 - 0 . 2 8 - 3 . 7 8 
4853 fiCru B0.5 I I I 1.24 - 0 . 2 4 - 3 . 6 9 0.18 

1 37 
0 . 1 8 4 9 0 

- 0 . 2 8 - 3 . 8 7 
7446 K A q l B0.5 I l ln 4.95 0.00 - 2 . 5 1 

0.18 
1 37 
0 . 1 8 4 9 0 

- 0 . 2 8 - 3 . 8 8 
2004 K Or i B0.5 l a 2.06 - 0 . 1 8 - 3 . 2 3 

0.18 
1 37 
0 . 1 8 4 9 0 - 0 . 2 2 - 3 . 4 1 

42 Ori B l V 4.60 - 0 . 1 9 - 3 . 3 6 0.31 - 0 . 2 6 - 3 . 6 7 
1789 25 Ori Bl V n 4.95 - 0 . 2 1 - 3 . 4 7 0.22 - 0 . 2 6 - 3 . 6 9 
5056 a Vir B l V + B3 0.96 - 0 . 2 5 - 3 . 5 4 0.04 - 0 . 2 6 - 3 . 5 8 
5944 n Sco B1V + B2 2.92 - 0 . 1 9 - 3 . 4 7 0.31 - 0 . 2 6 - 3 . 7 8 
5993 co1 Sco B l V 3.99 - 0 . 0 4 - 2 . 8 9 

0.31 
- 0 . 2 6 - 3 . 6 6 

2571 15 C M a Bl I I I 4.82 - 0 . 2 1 - 3 . 3 9 

0.31 

- 0 . 2 6 - 3 . 6 1 
5267 fiCen Bl I I I 0.61 - 0.23 - 3 . 5 6 0.13 - 0 . 2 6 - 3 . 6 9 
8238 fi C e p Bl I I I 3.20 - 0 . 2 1 - 3 . 4 0 0.22 

i t ™ 

:>» 
0 0 9 3 50 0 . 1 3 ^ u 

- 0 . 2 6 - 3 . 6 2 
6084 G SCO Bl I I I 2.89 + 0.14 - 2 . 3 3 

0.22 

i t ™ 

:>» 
0 0 9 3 50 0 . 1 3 ^ u 

- 0 . 2 6 - 3.41 
2294 £ C M a Bl II-III 1.98 - 0 . 2 4 - 3 . 5 3 

0.22 

i t ™ 

:>» 
0 0 9 3 50 0 . 1 3 ^ u 

- 0 . 2 5 - 3 . 5 7 
1203 C P e r B l l b 2.86 + 0.10 - 1.79 

0.22 

i t ™ 

:>» 
0 0 9 3 50 0 . 1 3 ^ u 

- 0 . 1 9 - 2 . 9 5 
2084 139 T a u Bl l b 4.83 - 0 . 0 7 - 2 . 7 3 

0.22 

i t ™ 

:>» 
0 0 9 3 50 0 . 1 3 ^ u 

- 0 . 1 9 - 3 . 1 5 
6247 ju1 Sco B1.5 IV 3.02 - 0 . 2 3 - 3 . 3 8 

0.22 

i t ™ 

:>» 
0 0 9 3 50 0 . 1 3 ^ u 

- 0 . 2 5 - 3 . 4 7 
5695 3 L u p B1.5 IV 3.21 - 0 . 2 2 - 3 . 4 6 

0.22 

i t ™ 

:>» 
0 0 9 3 50 0 . 1 3 ^ u - 0 . 2 5 - 3 . 5 9 

6580 K Sco B1.5 I I I 2.41 - 0 . 2 0 - 3 . 5 0 0.22 - 0 . 2 5 - 3 . 7 2 
5469 a L u p B1.5 I I I 2.31 - 0 . 2 1 - 3 . 2 5 0.18 - 0 . 2 5 - 3 . 4 3 
6028 13 Sco B2 V 4.58 - 0 . 1 5 - 3 . 1 0 0.40 - 0 . 2 4 - 3 . 5 0 
5708 e L u p B2 I V - V 3.36 - 0 . 1 7 - 3 . 1 4 0.31 - 0 . 2 4 - 3 . 4 5 

153 C Cas B2 IV 3.66 - 0 . 1 8 - 3 . 1 7 0.26 - 0 . 2 4 - 3 . 4 3 
39 y Peg B2 IV 2.86 - 0 . 2 1 - 3 . 4 6 0.13 - 0 . 2 4 - 3 . 5 9 

5248 </> Cent B2 IV 3.82 - 0 . 2 1 - 3 . 3 5 0.13 - 0 . 2 4 - 3 . 4 8 
5571 fi L u p B2 I I I 2.67 - 0 . 2 1 - 3 . 4 6 0.13 - 0 . 2 4 - 3 . 5 9 
1790 y Or i B2 I I I 1.66 - 0 . 2 1 - 3 . 3 2 0.13 - 0 . 2 4 - 3 . 4 5 
2618 £ C M a B2 I I 1.50 - 0 . 2 1 - 3 . 1 7 0.09 - 0 . 2 3 - 3 . 2 6 

5948 >7 L u p B2.5 IV 3.40 - 0 . 2 4 - 3 . 4 9 0.00 
( - 0 . 2 4 ) 

- 0 . 2 2 - 3 . 4 9 

2282 C C M a B2.5 IV 3.02 - 0 . 1 3 - 2 . 9 1 0.40 - 0 . 2 2 - 3 . 0 1 
5812 T Lib B2.5 V 3.65 - 0 . 1 7 - 2 . 9 5 0.22 - 0 . 2 2 - 3 . 1 7 
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Table I (Continued) 

H R N o . Star Sp . T y p e V (B-V) 1700— V 

7623 0 1 Sgr B2.5 IV 1.24 - 0 . 1 5 - 2 . 8 1 0.31 
2106 y Co l B2.5 IV 4.35 - 0 . 2 1 - 2 . 6 6 0.04 
1497 T T a u B3 V 4.29 - 0 . 1 4 - 2 . 6 2 0.26 
1641 n A u r B3 V 3.19 - 0 . 1 8 - 2 . 8 3 0.09 
5191 ^ U M a B3 V 1.86 - 0 . 1 8 - 2 . 7 6 0.09 
5626 X L u p B3 V 4.04 - 0 . 2 0 - 2 . 8 3 0.00 
2159 v Or i B3 I V 4.42 - 0 . 1 5 - 2 . 8 0 0.22 
2199 £ O r i B3 IV 4.48 - 0 . 1 7 - 2 . 8 6 0.13 
1934 co Or i B3 H i e 4.59 - 0 . 1 1 - 2 . 6 6 0.40 

542 e Cas B3 V P 3.38 - 0 . 1 5 - 2 . 5 3 0.22 
472 a Eri B3 V P 0.49 - 0 . 1 7 - 2 . 6 0 0.13 

5712 <£2 L u p B4 V 4.53 - 0 . 1 6 - 2 . 8 1 0.02 
226 v A n d B5 V 4.52 - 0 . 1 5 - 2 . 3 8 0.04 

1122 S Pe r B5 I I I 3.03 - 0 . 1 2 - 2 . 4 5 0.18 
8773 £ P s c B6 V e 4.52 - 0 . 1 2 - 2 . 3 4 0.09 

8425 a G r u B7 IV 1.73 - 0 . 1 7 - 2 . 1 8 0.00 

1791 jffTau B7 I I I 1.66 - 0 . 1 3 - 2 . 0 2 0.00 

7039 <£Sgr B8 I I I 3.17 - 0 . 1 1 - 1 . 7 2 0.00 

1713 A Or i B8 l a 0.15 - 0 . 0 3 - 1 . 3 3 0.00 

2095 0 A u r B9.5 si 2.63 - 0 . 0 8 + 0.01 0.00 

7011 a Lyr AO V 0.00 00.00 - 0 . 6 6 0.00 

4905 e U M a A O p 1.78 - 0 . 0 3 - 0 . 5 6 0.00 

2491 a C M a A l V p 1.45 - 0 . 0 1 - 0 . 6 2 0.00 

2088 £ A u r A 2 V 1.90 + 0.03 + 0.27 0.00 

1666 A Eri A 3 I I I 2.78 + 0.12 + 0.20 0.02 
1702 H Lep A5 p 3.29 - 0 . 1 1 - 1 . 8 5 0.00 

(B-V)o (1700-K)o 

- 0 . 2 2 - 3 . 1 2 
- 0 . 2 2 - 2 . 7 0 
- 0 . 2 0 - 2 . 8 8 
- 0 . 2 0 - 2 . 9 2 
- 0 . 2 0 - 2 . 8 5 
- 0 . 2 0 - 2 . 8 3 
- 0 . 2 0 - 3 . 0 2 
- 0 . 2 0 - 2 . 9 9 
- 0 . 2 0 - 3 . 0 6 
- 0 . 2 0 - 2 . 7 5 
- 0.20 - 2.73 
- 0 . 1 8 - 2 . 9 0 
- 0 . 1 6 - 2 . 4 2 
- 0 . 1 6 - 2 . 6 3 
- 0 . 1 4 - 2 . 4 3 

( - 0 . 1 7 ) 
- 0 . 1 2 

( - 0 . 1 3 ) 
- 0 . 1 2 

( - 0 . 1 1 ) 
- 0 . 0 9 

( - 0 . 0 3 ) 
- 0 . 0 2 

( - 0 . 0 8 ) 
- 0 . 0 3 

0.00 - 0 . 6 6 
( - 0 . 0 3 ) 

0.00 
( - 0 . 0 1 ) 

+ 0.03 
( + 0 . 0 3 ) 

+ 0.06 
+ 0.10 + 0 . 1 1 
- 0 . 1 1 ) - 1 . 8 5 

-2 .18 

2.02 

- 1 . 7 2 

- 1 . 3 3 

-0 .01 

- 0 . 5 6 

- 0 . 6 2 

+ 0.27 

I n t h e p rocess o f d e t e r m i n i n g effective t e m p e r a t u r e s , h o w e v e r , I w a s impressed by 
t h e sensi t ivi ty of t he d e t e r m i n a t i o n s t o l ine b l a n k e t i n g a n d for t h e h o t t e s t s ta rs t o t h e 
effects of ex t ended a t m o s p h e r e s . F i g u r e 7 c o m p a r e s t w o o f Cass ine l l i ' s (1971) m o d e l 
a t m o s p h e r e s w i t h different c u r v a t u r e s w i t h a 5 0 0 0 0 K A T L A S m o d e l . T w o effects 
s h o u l d b e n o t e d . F i r s t , t h e dec rease in t h e flux g rad i en t in t h e P a s c h e n a n d B a l m e r 
c o n t i n u a w i t h inc reas ing ex tens ion o f t h e a t m o s p h e r e w h i c h w o u l d the re fo re yield a n 
art if icial ly low effective t e m p e r a t u r e a s h a s been p o i n t e d o u t b y H e a p (1972) a n d C o n t i 
(1972). Second , t h e a b s o l u t e l u m i n o s i t y in the L y m a n c o n t i n u u m is i nc reased , p rov id ­
i n g m o r e p h o t o n s for i o n i z a t i o n o f in te rs te l la r c l o u d s . I n t h e case o f e x t e n d e d a t m o ­
sphe re s it is necessary t o give u p t h e c o n c e p t of effective t e m p e r a t u r e a n d rep lace it by 
t h e t o t a l luminos i ty . 

I believe t h a t n o essent ial i m p r o v e m e n t in the effective t e m p e r a t u r e scale for ear ly 
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t y p e s ta rs c a n b e ach ieved f r o m m e a s u r e m e n t s o f s te l lar fluxes un t i l such t i m e a s 
a c c u r a t e fluxes a re ava i l ab le in t h e u l t rav io le t d o w n t o t he L y m a n j u m p . I t will t h e n 
be poss ib le t o d e t e r m i n e t h e i n t eg ra t ed fluxes of ear ly t y p e s ta r s a n d hence empir ica l 
effective t e m p e r a t u r e s for t h o s e s t a r s for w h i c h a n g u l a r d i a m e t e r s a r e ava i lab le a n d 
empi r i ca l b o l o m e t r i c c o r r e c t i o n s for o the r s . F o r t h e very ho t t e s t s t a r s w h e r e unce r t a in ­
t ies in the c o n t r i b u t i o n of t h e L y m a n c o n t i n u u m t o t h e to ta l flux is i m p o r t a n t , we re­
q u i r e fur ther s tud ies o f N L T E a n d ex t ended a t m o s p h e r e s . 

D o h e r t y (1972) h a s inves t iga ted t he u l t rav io le t ene rgy d i s t r i b u t i o n of la te type s tars . 
T h e a g r e e m e n t wi th m o d e l a t m o s p h e r e ca lcu la t ions by G i n g r i c h is r e m a r k a b l y g o o d 
cons ide r ing t h e la rge u n c e r t a i n t y in b l a n k e t i n g c o r r e c t i o n s r e q u i r e d for these s ta rs . 
H i g h r e so lu t ion s tud ies will be r equ i r ed t o der ive sa t i s fac tory l ine ident i f ica t ions a n d 
b l a n k e t i n g coefficients. 

5. Conclusion 

T h e bas ic p r o b l e m s r e q u i r i n g fu r the r inves t iga t ion t h a t h a v e been h igh l igh ted in th i s 
d i scuss ion a r e p r i m a r i l y o b s e r v a t i o n a l . 

T h e re so lu t ion of t h e r e m a i n i n g d i sc repanc ies in energy d e t e r m i n a t i o n s m u s t be re­
solved. Of p a r t i c u l a r i m p o r t a n c e is a r e d e t e r m i n a t i o n of t he B a l m e r j u m p of Vega o r 
t h e s lope a n d a b s o l u t e flux in t h e B a l m e r c o n t i n u u m . T h e differences in t he Bracke t t 
c o n t i n u u m a lso deserve inves t iga t ion . 

I t is necessary t o reso lve t h e difference in ca l i b r a t i on in t h e u l t rav io le t be tween 
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1300 A a n d 3000 A S h o r t w a r d of 1300 A ab so lu t e energy m e a s u r e s a r e bas ical ly n o n ­

exis tent . 

L i n e b l a n k e t i n g p resen t s m a n y i m p o r t a n t p r o b l e m s r equ i r i ng h igh re so lu t ion 

s p e c t r o s c o p y pa r t i cu la r ly in t h e u l t r av io l e t a l o n g wi th l a b o r a t o r y w o r k . 

F ina l ly , theore t ica l w o r k m u s t be c o n t i n u e d o n the effects of b l a n k e t i n g a n d o n ex­

t e n d e d a t m o s p h e r e s . 
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D I S C U S S I O N 

Pecker: I th ink tha t you c a n n o t rule ou t the measured U V energy spect ra on the basis of c o m p a r i s o n 
with mode l a tmospheres , as suggested by Underh i l l (I quo te you ! ) , as the mode l s a re extremely un-
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cer ta in , a n d their spect ra still m o r e uncer ta in in the U V ! A small change in their pa rame te r s can 
change indeed m a n y things . 

Hack: In y o u r first slide you have s h o w n the difference be tween the m e a n of 6 G 2 V stars a n d the 
Sun The re is a sha rp difference of ~ + 0.2m at A - 1 ~ 2.4 W h a t is the r ea son for tha t difference? 

Code: W e d o n ' t k n o w . 
Kodaira: Even in the abso lu te ca l ib ra t ion of the so lar flux, we have difficulties for a < 2000 A. 

T h e r e has been a d iscrepancy of a factor of 3 between the values ob ta ined by N R L (July 1966, Augus t 
1970) a n d those by H C O (Sep tember 1968). A Japanese g r o u p has s ta r ted t o m a k e independent 
measu remen t s a n d has ob t a ined the first successful da t a with a rocke t (Sep tember 1971). O u r da ta 
a t A = 1629, 1684, 1739 A (JA = 8.3 A) a r e in very close agreement with H C O d a t a ( tha t is, lower 
values) . T h e full results will be s o o n publ i shed by K . Nishi ( T o k y o Obse rva to ry ) . 

Van den Bergh: 1 shou ld l ike t o s o u n d a very m i n o r cau t i ona ry n o t e ! A l t h o u g h the agreement be­
tween the Sun a n d typical G 2 V s ta rs is very gratifying there is, 1 believe, one smal l bu t r a t he r well 
es tabl ished discrepancy. T h e ul t raviolet cyanogen abso rp t ion in the Sun is t o o s t r o n g T h e observed 
solar C N s t rength co r r e sponds t o t ha t in typical metal-r ich m a i n sequence s ta r s wi th B — V in the 
r ange 0.66 to 0.68. 
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