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Abst rac t . Bright fine mot t les seen o n the so la r disk a re identified as the agency tha t locates the Sun 
o n the K-l ine wid th-abso lu te m a g n i t u d e re la t ion of Wi lson a n d B a p p u . T h e c o n t r i b u t i o n of t he 
supe rg ranu la r ne twork emiss ion a n d the plage emission f rom centres of activity tends t o upset the 
un iqueness of the re la t ion. T h e line wid th-abso lu te magn i tude re la t ion is t hus a charac ter is t ic of the 
convec t ion zone under ly ing the stel lar a t m o s p h e r e . 

P e r h a p s the m o s t s t r ik ing cha rac t e r i s t i c of t he K- l ine emis s ion f r o m stel lar c h r o m o ­
s p h e r e s is t h e r e l a t i o n s h i p b e t w e e n t h e w i d t h of t h e l ine a n d t h e v isual a b s o l u t e m a g n i ­
t u d e of t he s ta r t h a t is val id ove r a r a n g e of a b o u t fifteen m a g n i t u d e s . I n d e e d , in itself 
it is very suggest ive of a c o m m o n a s t rophys i ca l cha rac te r i s t i c ope ra t i ve in these a t m o ­
sphe res over t he en t i re r a n g e t h a t exper iences a n increase in m a g n i t u d e o f its impuls ive 
s c o p e as o n e goes f rom s ta r s o f fa in ter v isual l uminos i ty t o t h e b r i g h t e r ones . T h e S u n 
fits th i s r e la t ion well a n d s ince it is t h e on ly s ta r w h i c h p r e s e n t s a d i s k for de ta i led 
sc ru t iny , m u c h in teres t cen t r e s o n a n ident i f ica t ion o n t h e so l a r d isc o f t h a t fea ture 
w h i c h gives r ise t o t he K- l i ne w i d t h - a b s o l u t e m a g n i t u d e r e l a t i on . 

A ca lc ium s p e c t r o h e l i o g r a m of t h e so lar d isc s h o w s p r i m a r i l y t h r e e p r inc ipa l 
charac te r i s t i c s . If we h a v e a cen t r e o f act ivi ty o n t h e visible p o r t i o n a t t h e t i m e , it wil l 
man i fe s t itself w i t h e n h a n c e d c a l c i u m emiss ion over a s izeable r eg i on a n d th i s w e t e r m 
a ca l c ium plage . T h e n , t h e r e is t he n e t w o r k of ca l c ium emis s ion w h i c h h a s b e e n s h o w n 
b y L e i g h t o n t o co inc ide w i t h t h e b o u n d a r i e s of t he s u p e r g r a n u l a t i o n . A n d wi th in t h e 
conf igu ra t ion of a n e t w o r k cell, we c o m e ac ross local ized b r i g h t p o i n t s of emiss ion 
w h i c h we recognize as b r i g h t fine m o t t l e s . T h e b o u n d a r y of t h e s u p e r g r a n u l e h a s 
e n h a n c e d emiss ion w i t h a t w o f o l d c o n t r i b u t i o n . T h e fine m o t t l e s a r e t h e r e t o o a n d 
s o m e of t h e m c l u m p t o g e t h e r t o f o r m a coa r se m o t t l e of r o u g h l y 7000 k m d i a m e t e r . 
T h e r e is a lso e n h a n c e d emiss ion a t t h e b o u n d a r y b y m a g n e t o - h y d r o d y n a m i c h e a t i n g 
a c c e n t u a t e d by t h e p i l ing u p of t h e m a g n e t i c field swep t u p b y t h e h o r i z o n t a l flow 
w i t h i n t h e d o m a i n of t h e s u p e r g r a n u l e . T h e th ree p r inc ipa l sou rces o f c a l c i u m emiss ion 
a r e t h u s t h e p lage , t h e n e t w o r k b o u n d a r i e s a n d t h e fine m o t t l e . 

I n a recen t p a p e r ( B a p p u a n d S i v a r a m a n , 1971) we h a v e ca r r i ed t h r o u g h a s t u d y 
t h a t s h o w s w h i c h of these t h r e e fea tu res is r e spons ib le for t h e K- l i ne w i d t h - a b s o l u t e 
m a g n i t u d e re l a t ion of W i l s o n a n d B a p p u (1957). W e ca r r i ed o u t th i s s t u d y f r o m a single 
f r a m e of excel lent qua l i t y w h i c h w e h a d o b t a i n e d in a K- l ine t i m e s equence o f a specific 
r e g i o n a t t h e c e n t r e of t h e disc . A s p e c t r o h e l i o g r a m t a k e n s o o n af ter t h i s e x p o s u r e 
s h o w e d us t h e l oca t i on o f t h e slit in t e r m s of t h e K 2 3 2 n e t w o r k a n d o t h e r fea tures seen 
in t h e l ight of ion ized ca l c ium. T h e d i spe r s ion of t h e s p e c t r o g r a m w a s 9.4 m m A"1, 
a l m o s t a h u n d r e d f o l d l a rge r t h a n w h a t Wi l son a n d I h a d used ear l ier in t h e stel lar 
case ! I t is well t o real ize howeve r , t h a t t h e K emiss ion f ea tu re in t h e case of t h e S u n is 
s e l d o m seen a t d i spe r s ions lower t h a n a b o u t 4 A m m ~ 1 . A t t h e l a rge va lues o f d i spe rs ion 

B. Hauck and B. E. Westerlund (eds.), Problems of Calibration of Absolute Magnitudes and Temperature of Stars, 64-67. 
All Rights Reserved. Copyright © J 973 by the IAU. 

https://doi.org/10.1017/S0074180900055091 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900055091


ON THE K-LINE WIDTH-ABSOLUTE MAGNITUDE RELATION 65 

e m p l o y e d cu r ren t ly for t he s t u d y of so la r i n h o m o g e n e i t i e s , o n e sees a l a rge a m o u n t of 
de ta i l , special ly w h e n t h e s p e c t r o g r a m is o b t a i n e d d u r i n g t h e m o m e n t s o f g o o d seeing. 
O n e sees n u m e r o u s emis s ion s t r eaks of sizes in t h e r a n g e 1-2", m o s t l y w i th emiss ion 
g rea t e r in t h e violet p o r t i o n of K 2 t h a n in t h e r ed o r I K 2 v > IKI R- A b o u t o n e o u t of every 
five such emiss ion s t r eaks h a v e 7 K 2 V < Ac2R- A b o u t o n e in t w e n t y h a v e t h e t w o p o r t i o n s 
e q u a l a n d it is very s e l d o m i n d e e d t h a t b o t h K 2 V a n d K 2 R a r e a b s e n t s imu l t aneous ly . 
O u r s tudy show s a typ ica l cha rac te r i s t i c of K 2 emiss ion f r o m a qu ie t r eg ion of t h e 
S u n t o be t h e case A c 2 v > A c 2 R - W e in t e rp re t t he c h a n g e s f r o m th i s n o r m a l aspec t as 
d u e t o t he ac t i on of t w o types of a b s o r b i n g c o m p o n e n t s t h a t a r e p r e s e n t o n t h e s a m e 
scale of i n h o m o g e n e i t y in sizes a s t h e b r igh t fea tures . O n e c o m p o n e n t w i t h m i n o r 
D o p p l e r d i s p l a c e m e n t s a c t i n g o n t h e n o r m a l K 2 3 2 profi le p r o d u c e s t h e c h a n g e s 
o b s e r v e d b e t w e e n 7 K 2 V a n d 7 K 2 R re la t ively e n h a n c i n g o n e a t t h e expense of t h e o the r . 
T h e o the r c o m p o n e n t ar ises f r o m w h a t we call ' d a r k c o n d e n s a t i o n s ' w i t h d o w n flowing 
velocit ies of 5 -8 k m s - 1 a n d sizes of a b o u t 5000 k m . T h e s e d a r k c o n d e n s a t i o n s can be 
seen easily o n a n y g o o d K 3 s p e c t r o h e l i o g r a m a n d in o u r o p i n i o n give rise t o t h e 
s i t ua t ion K 2 R = 0. 

T h e s e de ta i l s of in tens i ty fluctuations a r e of in te res t t o t h e s tel lar case w h e r e we 
necessar i ly m e a s u r e t h e i n t e g r a t e d charac te r i s t i cs of K 2 emiss ion a n d all t h o s e fea tures 
t h a t upse t t he in tens i ty r a t i o b e t w e e n 7 K 2 V a n d 7 K 2 R . In cases l ike a B o o t i s it is well t o 
r e m e m b e r th is a spec t as o n e poss ib i l i ty t h a t we c o u l d ut i l ize t o exp la in c h a n g e s in t h e 
re la t ive in tens i t ies of t h e K 2 emi s s ion c o m p o n e n t s . 

S i v a r a m a n a n d I h a v e a l so m e a s u r e d t h e w i d t h s a l o n g t h e d i spe r s ion of all t h e d o u b l e 
p e a k e d emiss ion fea tures t h a t w e h a v e o n th is p a r t i c u l a r f r ame . W e m e a s u r e d t h e sep­
a r a t i o n s of t h e emiss ion p e a k s as well as t h e s e p a r a t i o n of t h e m i n i m a be tween t h e 
emiss ion fea tu re a n d t h e r egu l a r K a b s o r p t i o n fea ture . W e call t h e f o r m e r a K 2 w i d t h 
a n d the la t te r a K x w i d t h . W h e n w e p lo t a h i s t o g r a m of t h e f r equency of t h e K 2 

w i d t h s we find a r e m a r k a b l e u n i q u e n e s s of t h e va lue of t h e K 2 w i d t h a b o u t a p a r t i c u l a r 
va lue of 26 k m s " 1 . T h e K t w i d t h s d o n o t s h o w s u c h a s h a r p c lus t e r ing a b o u t a single 
v a l u e ; however , t hey a l so h a v e a m e a n cha rac te r i s t i c spac ing g iv ing rise t o a K x w i t d h 
of 41 k m s " 1 . Since t h e in tens i t ies in t he so la r case of / K 2 V , 7 K 2 R a r e c lose t o 7 K l v a n d 
^ c 1 R

 w e 8 e t a w i d t h a t ha l f in tens i ty of 33.5 k m s - 1 , by t a k i n g a s t r a igh t m e a n of t h e 
va lues given a b o v e . C o m p a r e th i s w i t h t h e va lue of W i l s o n a n d B a p p u (1957) o b t a i n e d 
f r o m a n ' a v e r a g e d ' d isc s p e c t r o g r a m of 34 k m s " 1 a n d b y a m i c r o m e t e r se t t ing o n t h e 
emiss ion fea ture . S ince t h e s u n fits well o n t h e W i l s o n - B a p p u r e l a t i o n w i t h a m e a s u r e d 
w i d t h of 34 k m s " 1 i t is c lear t h a t b r i g h t p o i n t s of K 2 emis s ion a r e t h e p r inc ipa l 
c o n t r i b u t o r s t o t h e l ine w i d t h - a b s o l u t e m a g n i t u d e r e l a t ion . T h e in tens i ty scans pe r ­
p e n d i c u l a r t o t h e d i spe r s ion s h o w t h a t they h a v e typ ica l sizes of t h e o r d e r of 1-2". 
H e n c e , we c o n c l u d e t h a t t hese b r i g h t p o i n t s t h a t e n a b l e t h e sun t o fol low t h e l ine 
w i d t h - a b s o l u t e m a g n i t u d e r e l a t ion a r e t h e fine m o t t l e s seen o n a g o o d qua l i ty 
s p e c t r o h e l i o g r a m . W e s tabi l ize th i s ident i f ica t ion f r o m a c o m p a r a t i v e s tudy of t h e 
a u t o co r re l a t ion func t ion o b t a i n e d f rom in tens i ty scans p e r p e n d i c u l a r t o t he d is ­
p e r s i o n as well as t h a t o b t a i n e d o n a t w o d i m e n s i o n scale f r o m a h igh qua l i ty K 2 3 2 

s p e c t r o h e l i o g r a m . B o t h these give full w i d t h s a t ha l f m a x i m u m of 7000 k m . W e 
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c o n c l u d e t h a t t h e ave rage s p a c i n g b e t w e e n t h e b r i g h t s t r e aks o n t h e s p e c t r o g r a m a re 
t h e s a m e as t h a t of t h e fine m o t t l e s o n t he t w o d i m e n s i o n s p e c t r o h e l i o g r a m . T h e 
a r g u m e n t t h u s secures o u r ident i f ica t ion . 

T h e va lue of 7000 k m is t h e s p a c i n g be tween t h e b r igh te s t f ea tu res w i t h i n t h e super -
g r a n u l a r n e t w o r k a n d a l so t h a t b e t w e e n t h e b r igh t s t r eaks o n t h e s p e c t r o g r a m . T h e 
s p a c i n g be tween these s t r e aks a l so s h o w s t h e emiss ion p e a k s b u t of l ower in tensi ty . 
W e m a y ascr ibe these t o a n u n r e s o l v e d b a c k g r o u n d of fine m o t t l e s t h a t a w a i t s de tec t ion 
w i t h t h e i m p r o v e d r e s o l u t i o n t e c h n i q u e s of t h e fu ture . 

T h e life t imes of t h e emis s ion s t r e aks o n the s p e c t r o g r a m a n d of t h e fine m o t t l e s o n 
s p e c t r o h e l i o g r a m s p r o v i d e a n a d d i t i o n a l con f i rma t ion of iden t i ty . B o t h h a v e va lues 
a r o u n d 200 s a n d hence b o t h a r e iden t i ca l . 

T h e b e h a v i o u r of emis s ion p e a k s e p a r a t i o n s o n p l age r eg ions h a v e been k n o w n for 
a ve ry l o n g t ime . F r o m t h e s t a n d p o i n t of o u r t e r m i n o l o g y t h e K 2 w i d t h s decrease 
w i t h e n h a n c e d p l age in tens i ty a n d p r o x i m i t y t o t h e sea t o f t h e c e n t r e of act ivi ty . 
E l ske S m i t h (1960) h a s expres sed th i s quan t i t a t ive ly . She a l so finds a m i n o r c h a n g e in 
t h e w i d t h s of t h e emiss ion fea tu re a s o n e goes t o p lages w i t h e n h a n c e d m a g n e t i c fields. 
I n t e r m s of t h e d i scuss ion a b o v e , it is seen t h a t t h e p l age r eg ions offer lit t le h o p e of 
b e i n g t h e source of a u n i q u e va lue for the K 2 s e p a r a t i o n s s imi la r t o t h e case of t h e 
fine mo t t l e s . 

A s imi lar s i t ua t ion p reva i l s a t t h e b o u n d a r y of t h e s u p e r g r a n u l a r n e t w o r k . C a l c i u m 
emiss ion he re is grea t ly e n h a n c e d a n d h a s a no t i ceab le c o n t r i b u t i o n f r o m t h e m a g n e t i c 
fields a c c u m u l a t e d by v i r t u e of t h e s u p e r g r a n u l a r flow. T h e K 2 w i d t h he re is in t h e 
n e i g h b o u r h o o d of 20 k m s " 1 i n s t ead of a va lue of 26 k m s " 1 for t h e fine mo t t l e s . 
I t is c lear t h a t s u p e r g r a n u l a r b o u n d a r i e s d o n o t have a n y a p p r e c i a b l e c o n t r i b u t i o n t o 
t h e u n i q u e va lue of t h e so la r case in t h e r e l a t ion of W i l s o n a n d B a p p u (1957). 

W e a r e t h u s left w i th t h e b r igh t fine m o t t l e as t he p r i n c i p a l c o n t r i b u t o r t o t he K- l ine 
w i d t h - a b s o l u t e m a g n i t u d e re la t ion . T h e fine m o t t l e is n o t k n o w n t o d i sp lay a n y a p p r e ­
c iab le l ong i tud ina l field g rea t e r t h a n t h e l imi t of p h o t o g r a p h i c de tec tab i l i ty . T h e 
b r i g h t m o t t l e is t h u s , by s o m e c a u s e as yet u n k n o w n , a m a n i f e s t a t i o n in t h e c h r o m o ­
s p h e r e of t h e m e c h a n i c a l ene rgy d i s s ipa t ion f rom t h e convec t ive layers be low. It h a s 
charac te r i s t i c s p r e sc r ibed b y a c o m b i n a t i o n of t h e f u n d a m e n t a l p a r a m e t e r s of t h e s tar . 

I n t h e ca l i b r a t i on of t h e K- l i ne w i d t h - a b s o l u t e m a g n i t u d e r e l a t i on , it is necessary t o 
ass ign a va lue for t h e s u n t h a t is t r u ly r ep re sen ta t ive of i t in i n t e g r a t e d l ight . W i l s o n 
a n d B a p p u h a d ' a v e r a g e d ' a s a m p l e of t h e disc t h a t gave t h e m t h e va lue of 34 k m s " 1 

ut i l ized in t h e ca l i b r a t i on of t h e r e l a t ion . S u c h a s p e c t r u m w o u l d yield a to ta l i ty 
o f b r i g h t m o t t l e spec t r a l f e a t u r e s w i t h t h e sys t emic ve loc i t ies of t h e different 
m o t t l e s all a d d e d t o g e t h e r t o give a n i n t eg ra t ed profi le . S i v a r a m a n a n d I h a v e 
o b t a i n e d several K- l ine spec t r a a t h i g h d i spe r s ion in t r u ly i n t e g r a t e d l ight w i t h t h e 
s a m e s p e c t r o g r a p h used for t h e h i g h r e so lu t i on s tudy . T h e i n t e g r a t e d s p e c t r u m t h u s 
o b t a i n e d h a s a n emis s ion l ine w i d t h in excess of t h e c o r r e s p o n d i n g v a l u e o b t a i n e d b y 
a v e r a g i n g t h e m o t t l e spec t ra . C lea r ly we see he re t h e c o n t r i b u t i o n by so la r r o t a t i o n t o 
t h e i n t e g r a t e d charac te r i s t i cs . T h e emiss ion l ine w i d t h in t h e so la r case is c loser t o 
36 k m s " 1 t h a n t h e p rev ious ly ut i l ized va lue by W i l s o n a n d B a p p u (1957). 

https://doi.org/10.1017/S0074180900055091 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900055091


ON THE K-LINE WIDTH-ABSOLUTE MAGNITUDE RELATION 67 

C a l c i u m emiss ion i n t h e s ta r s c a n be p r o d u c e d in several different ways . I n b inar ies , 
we have often t h e case of emiss ion f rom t h e gas flow w i t h i n t h e sys tem. M a g n e t i c 
fields in s ta r spo t s c o u l d p r o d u c e e n h a n c e d ca lc ium emis s ion in s t a r p lages cons ider ­
ab ly m o r e v i ru len t t h a n in t h e so la r case . A l s o , f rom a n e x t r a p o l a t i o n of t h e so lar case 
w e have t h e field of t h e b r i g h t m o t t l e t h a t is a fea ture of t h e c o n v e c t i o n be low the stel lar 
p h o t o s p h e r e a n d wh ich gives rise, a c c o r d i n g t o o u r ident i f ica t ion , t o t h e W i l s o n - B a p p u 
re la t ion . T h e emiss ion by m a g n e t i c field s t imu la t ed p l ages c a n be q u i t e different f rom 
t h e emiss ion of t h e qu ie t b a c k g r o u n d , a n d cause a n a p p a r e n t d e v i a t i o n f rom the l ine 
wid th -Mj , r e la t ion . T h e r e c a n a l so b e gaseous ou t f low w h i c h gives a d e e p e r K 3 a n d 
w h i c h ind ica tes a n a b n o r m a l i t y in t h e emiss ion or ig in . T h e case of C a n o p u s seems t o 
fall in l ine w i th s u c h a poss ib i l i ty . K- l ine emiss ion in t h e b o r d e r l i n e cases of t h e 
ear l ier spect ra l types s h o u l d b e i n t e r p r e t e d w i th c a u t i o n , especial ly w h e n they occu r 
in t he spect ra l d o m a i n w h e r e c o n v e c t i o n does n o t h a v e a g o o d ro l e t o p lay . 
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D I S C U S S I O N 

Blaauw: T o wha t extent might var ia t ions in the p h e n o m e n a causing the Ca+ reversals affect the 
wid ths and hence the der ived luminosi t ies? 

Bappu: T h e presence of centres of activity a n d hence C a + plages wou ld u n d o u b t e d l y enhance the 
overal l intensity of the emiss ion. Such enhancemen t s independent ly o r coup led with a d o m i n a n t flow 
of absorb ing gas o u t w a r d or i nward a r e likely to p roduce changes with t ime of the relat ive intensities 
of the emission c o m p o n e n t s K 2 V a n d K 2 R . T h e con t r ibu t ion t o the wid ths as measu red present ly 
for luminosi ty de te rmina t ions a r e likely to be smal l ; they fall within the present l imits of uncer ta in ty . 
T h e case of a Boot is s u p p o r t s such a conjecture since its K-l ine wid th values d o n o t seem to be 
affected by the changes seen in the K 2 emission. 
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