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Abstract. Several points o f detail which affect stellar abundance determinations are discussed. In 
particular, the importance of including the effects of hyperfine structure and isotopic shifts when 
considering the lines of some elements is stressed. 

The abundance determinations for F dwarfs by Bell and Peytremann, who use theoretical calibra­
tions for intermediate band photometry, and Nissen, who observes very narrow spectral intervals, are 
inter compared. The agreement between Bell and Nissen, who have 46 stars in common, is quite 
satisfactory. 

Recent work on carbon and nitrogen abundances in cool stars is described. The suggestion of 
Hearnshaw, that (C/H] = 1.5 [Fe/H] for disc stars with - 0 . 7 < [Fe/H] < 0.4, is compared with recent 
results by Clegg. Whilst Clegg's results are quite precise, they neither confirm nor deny Hearnshaw's 
suggestion. Work by Branch and Bell on K giants shows that [C/Fe] = 0, or a constant, for the stars in 
the sample. A value of about 7 for the C 1 2 / C 1 3 ratio in the atmosphere of Arcturus has now been 
confirmed by several authors and Lambert and his collaborators have determined this ratio for several 
K giants. 

The suggestion by Spinrad, Taylor and others that the M67 dwarfs are more metal-rich than the 
Hyades, i.e. that they are super-metal-rich or SMR, seems to be erroneous. However some SMR stars, 
such as 31 Aql, certainly exist even though there is still some uncertainty in the precise abundance of 
strong CN stars such as n Leo. 

Examples of synthetic spectra for metal-deficient giant stars are given and a theoretical colour-
colour diagram is compared with observations of globular cluster and Draco stars. 

By now, any discussion of t he derivation of stellar abundances must cover an enormous 
a m o u n t of ground. In m y talk t oday I will take m y lead from the tit le and primarily 
discuss the stars whose abundances can be found by b o t h spectroscopic and pho tomet r i c 
means . This means tha t I'll primari ly restrict myself t o discussing stars of spectral type F 
and later. In fact, I will be mainly talking about F dwarfs and K giants . Also, I th ink that 
all of t h e results which I will q u o t e , whether m y own or those of o thers , have been 
ob ta ined by L T E physics. T remendous progress has been made in s tudying the spectra of 
h o t stars, wi th the p rob lem of obtaining self-consistent solutions of t he coupled transfer 
and statistical equil ibr ium equat ions having been solved b y Auer and Mihalas ( 1 9 6 9 , 
1973) . In addi t ion t o discussing various abundance and line profile p roblems, Mihalas 
( 1 9 7 2 ) has also publ ished a t r ea tmen t of non-LTE effects on the c o n t i n u u m and 
hydrogen line profiles in OB stars and has discussed the uvby colours of these models . 

My plan, t hen , is to m e n t i o n a few points of detail which affect abundance determina­
t ions . I'll t hen discuss t h e de te rmina t ion of abundances photomet r ica l ly for F dwarfs. I 
will make some compar ison be tween different pho tome t r i c calibrations and wi th results 
found spectroscopically. Then I will discuss recent work on K giants, concentra t ing on 
CNO abundances and C 1 2 / C 1 3 work . If t ime permits , I hope to men t ion some work on 
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Pop II giants which I have been carrying out in col laborat ion with Dickens (Herstmon-
ceux) and Gustafsson (Uppsala) . As you have noted by now, there hasn ' t been any 
men t ion of the effect of stellar abundances on spectral classification. I will show a few 
slides t o illustrate how the spec t rum of a star changes wi th changes in abundance and 
gravity. Finally, a few requests , c o m m e n t s and complaints . 

The standard m e t h o d of determining abundances by spectroscopic means requires the 
measurement of the equivalent widths of individual spectral lines. This forces the use of 
high dispersion spectra, in order t o be able to locate the con t inuum proper ly and to 
minimise the problems wi th line blending. Given the equivalent wid ths , the actual deter­
mina t ion of the abundances can be carried out very quickly. Apar t from any problems of 
line identification, oscillator s t rengths and so forth, the major criticism of this approach is 
the amoun t of telescope t ime required to obtain the data . We certainly have to use this 
approach to analyse suitable bright stars in the solar ne ighbourhood. However, in many 
interesting cases, such as stars in external galaxies, it is impossible to obta in the relevant 
da ta . 

And now for the details. In b o t h spectroscopic and pho tome t r i c work it is necessary to 
make accurate est imates of stellar t empera tures , in order to ob ta in accurate abundances . 
The situation here seems t o be fairly satisfactory for cool stars, w i th a large quan t i ty of 
Hj3 p h o t o m e t r y for F stars and R - I for G and K stars being available. We obviously ha­
ven ' t heard the last word o n h o w to convert Hj3 and R-I t o Tcff ye t , t hough . We still find 
it necessary in many cases t o include the micro turbulent c o m p o n e n t of the Doppler Broa­
dening Velocity (DBV). Recen t solar analyses, however , do indicate tha t the microturbu­
lent velocity is very small for the Sun . For example , F o y ( 1 9 7 2 ) finds tha t it is only 0.5 
k m s"1 at the centre of t he disc. The larger values found in the past for the Sun seem 
to have been caused by errors in the oscillator strengths or by damping effects, bo th of 
which affect the shape of the curves of growth. The work of Oinas ( 1 9 7 4 ) , wi th the 
alarming suggestion tha t t he con t inuous absorpt ion coefficient is being greatly under­
est imated for K stars, has been challenged by Perrin, Cayrel and Cayrel (1975) . These 
au thors argue that the difficulty which Oinas found in reconciling t he abundances 
de termined from neutral lines wi th those found from ionized lines arose from his treat­
m e n t of the damping. I 'm ra ther relieved that Oinas seems t o be wrong, especially after 
several au thors including Gustafsson, Eriksson, Nord lund and I have spent so much 
t ime comput ing flux cons tan t mode l a tmospheres wi thou t inventing new opacit ies. As 
far as the damping is concerned , only for a few lines do we have a satisfactory treat­
m e n t and most au thors (e.g. Holweger, 1972) are using the Unsold t r ea tment with an 
enhancement factor included. This is, typically, of the order of two or th ree . The use 
of this t rea tment in curve-of-growth calculations leads t o curves of growth which 
depend on exci tat ion poten t ia l and we can no longer talk abou t T H E solar curve of 
g rowth , since there are an infinite number . 

In t h e past, we have generally neglected the effects of hyperfine s t ructure in the 
calculation of line absorpt ion coefficients, with the except ion of the e lement manganese. 
We have also generally neglected isotopic shifts. We must be very careful on these two 
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points when determining t h e abundances of some elements . For example , Hauge (1972) 
has given a detailed analysis of the 4 2 0 5 line of Eu II in the solar spec t rum. This line is 
p roduced by E u 1 5 1 and E u 1 5 3 and each of these isotopes produces a line consisting of six 
hyperfine c o m p o n e n t s . In o ther words , when analysing the X 4 2 0 5 line in stellar spectra, 
we must consider 12 lines and not just 1. The separation of the individual componen t s is 
very small, being abou t 0 .03 A for E u 1 5 3 bu t this must be compared wi th the Doppler 
wid th , which is abou t 0.02 A for the Sun. This means tha t the equivalent width of an 
Eu II line will be c o m p u t e d to be m u c h greater when the hyperf ine and isotopic effects 
are included compared t o w h e n they are not . Har toog et al. ( 1 9 7 4 ) have shown tha t 
allowance for these effects reduces the Eu abundance obta ined by as much as 0.9 dex 
compared with the abundance obta ined when the effects are neglected. Allen and Cowley 
(1974) have similarly shown tha t the abundance of Pr in Ba II stars is reduced when the 
effect of hyperfine s t ructure is included and the resultant Pr abundance becomes in much 
be t te r accord wi th the predict ions of the s process. Holweger and Muller ( 1 9 7 4 ) have 
discussed the isotopic and hyperf ine effects when considering the s t rengths of the solar 
Ba II lines. 

A n y comparison of abundances determined spectroscopically wi th those found photo­
metrically must make al lowance for the fact that spectroscopic abundance determinat ions 
refer t o particular elements whereas pho tomet r i c de terminat ions refer to an average, or 
overall, abundance . In what follows, I'll use the no ta t ion [ F e / H ] , [Mn/H] , . . . to refer to 
spectroscopic results and [M/H] : X, Y t o pho tomet r i c ones , i.e. the average metal 
abundance obta ined from the colours X and Y. Then [A/H] can be used to refer to 
abundances used in mode l a tmosphere calculations. 

The calibration of pho tome t r i c colours or indices in terms of abundances can be 
carried out by two comple te ly different methods . Suppose we consider , as an example, 
the de terminat ion of abundances for F dwarfs using U-B and B~ V. 

The original m e t h o d is t o plot the abundance index (U-B) versus the tempera ture 
index (B- K), measure the deviation of the abundance index for a part icular star from the 
mean line (8(U-B)) and plot this deviation vs [ F e / H ] . The resultant figure supplies the 
cal ibrat ion, usually expressed as an equat ion. The choice of [Fe /H] as the abundance 
paramete r seems to be t h e wisest one in the circumstances, since Fe supplies so much of 
t h e solar line blocking. Moreover , mos t of t h e metal abundances seem t o vary p re t ty well 
in unison and we do not yet have t o cope with a si tuat ion where a star is deficient in iron 
yet overabundant in, say, nickel. 

The calibration ob ta ined b y this m e t h o d is very useful and it cer tainly behoves anyone 
w h o has found tha t a star is metal-deficient t o check whe ther it has an ultra-violet excess. 
Nevertheless, there are a number of problems with this approach . First ly, there is the 
ques t ion of the influence of the stellar gravity on the colours . Secondly , the ultra-violet 
excess is not p roduced solely by iron and there is the possibility tha t some particular 
e lement may be part icularly effective at producing ultra-violet excesses. An example of 
such an element is ca rbon , which can produce so many molecular lines. Thirdly, we 
expect that a given abundance change will p roduce different ultra-violet excesses in stars 
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of different t empera tures . The four th possibility, f requent ly men t ioned a few years ago, 
that observed ultra-violet excesses can be produced b y differences in micro turbulent 
velocity, need no longer be considered. Whilst all of these problems can be checked 
observationally, it is a big j o b t o do so, especially since we really need homogeneous 
results. 

The alternative, and more recent , calibration m e t h o d relies on the use of synthet ic 
stellar spectra. These spectra are c o m p u t e d using model a tmospheres and large quanti t ies 
of a tomic and molecular line data and are t h e n convolved wi th pho tome t r i c sensitivity 
funct ions. A significant n u m b e r of spectra can be c o m p u t e d wi th a wavelength resolution 
of 0.1 A covering the wavelength interval be tween 3000 A and 12 000 A wi thout 
requiring the expendi ture of excessive compute r t ime. This resolut ion is sufficient for 
mos t colour calculations. By carrying out the calculations for different abundances , a 
theoret ical calibration of t h e various indices can be obta ined . 

Usually, an essential po in t in this work is the de te rmina t ion of the zero points and 
scale factors for the theore t ica l colours . For example , if we deno te the initially calculated 
U-B colour as (U-B)c t hen the colour which we wish to compare wi th the observations, 
(£/-/?)*> may be given b y (U-B)^ =a (U-B)c + b. Hopefully, the sensitivity functions 
used in the convolut ion closely resemble the actual ones , so that a = 1, bu t there is still 
t he problem of determining b. This p rob lem can be solved by identifying a part icular star 
wi th a particular mode l . We t h e n say tha t the colours of t h e mode l are t he colours of the 
star. This calibration star is t h e n serving the same purpose as t h e reference star in differen­
tial curve-of-growth analyses. Carrying out the calculations for more t han one colour 
system has advantages here , in t ha t it can point ou t if inappropr ia te models are being 
used. As an example of this , I refer t o recent calculations Gustafsson and I made . The 
colour differences be tween </>2 Ori and the Sun ma tch the c o m p u t e d colour differences 
m u c h be t te r if we say tha t y2 Ori has r e f f = 4600 K instead of, say, 4500 K. At the 
present t ime, I do not t h ink we can expect that one reference star will be sufficient for all 
purposes . Fo r example , if we are working on F and G dwarfs then we can use the Sun as 
the reference star whereas for cooler , lower gravity and more metal-deficient stars we 
might well use HR 1907 ( ^ 2 Ori) . One poin t which I t h ink could well be pursued in more 
detail at this meet ing concerns t he establishment of a ne twork of such calibration stars 
which must be observed b y all individuals who are establishing a new sys tem. Even if such 
a system is in tended t o refer t o K giants, it might be valuable t o have observations of B 
stars t o aid in subsequent in te rpre ta t ion . Any ne twork of calibration stars should include 
a subst i tu te Sun, since t h e genuine article is so difficult to observe accurate ly . 

Return ing t o t he cal ibrat ion which is obta ined from synthet ic spectra, t he most serious 
criticism which can be m a d e is tha t there is no guarantee t h a t the results will be correct , 
at least at t he present t ime . As t he relevant synthet ic spectra become in be t t e r and bet ter 
agreement with the best observed spectra , we can have more and more confidence in the 
calculat ions. The results depend heavily on the a tomic and molecular line data and , t o a 
lesser a m o u n t , on the mode l a tmospheres . For these reasons, the colour predict ions must 
be carefully checked, i.e. if t he models do not predict a variation of d(U-B) with [M/H] 
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TABLE I 

Comparison of T e f f [M/H] and g found from intermediate band photometry 

Star 

HR/Name 

r e f f [M/H] l o g £ Star 

HR/Name B P B P B P 

4 8 3 / 5 8 0 0 5 8 4 0 +.26 +0.2 4 .0 4.3 
3 9 5 1 / 2 0 LMi 5 7 3 0 5770 +.57 +0.6 3.5 4.2 
5 9 1 1 / 3 9 Ser 5 3 0 0 5 5 8 0 - 0 . 3 0 - 0 . 7 4.7 4.2 
5968 /p CrB 5 5 4 0 5 6 8 0 - 0 . 1 0 - 0 . 4 4.0 4.1 
6 4 5 8 / 7 2 Her 5 5 4 0 5 5 0 0 - 0 . 2 2 - 0 . 6 3.9 4.0 
7 5 0 3 / 1 6 Cyg 5 6 5 0 5 6 3 0 +0.39 +0.0 3.6 4 .0 
7 5 6 9 / 5 6 0 0 5 6 9 0 - 0 . 0 2 +0.1 3.4 4.0 
9088 /85 Peg 5 0 4 0 5 1 8 0 - 0 . 7 8 - 1 . 2 4.9 4.1 

B - Derived by Bell (1971) from uvby photometry 
P = Derived by Peytremann ( 1 9 7 5 ) from Geneva photometry 

which resembles the observed variat ion, then one must be sceptical ab o u t the ultra-violet 
fluxes and about o the r ultra-violet colours. However, one must also be very cautious 
about the possible influence of part icular elements on t he colours . For example, one 
should bear in mind the possible p rob lem with carbon part icularly in view of Hearnshaw's 
(1974a ,b , 1975) work . 

At this point it is t empt ing t o compare the results which have been obtained by 
different workers for this p rob lem. Pey t remann (1 9 7 5 ) has recent ly published a discus­
sion of t he Geneva p h o t o m e t r y based upon his flux constant models and synthetic 
spectra. I will use some of t he results which he gives for a sample of G2 V stars. 
Pey t remann ' s approach is a little different from tha t out l ined above, in tha t his synthet ic 
spectra are c o m p u t e d wi th m a n y fewer wavelength points . He also neglects molecular 
lines. As a foil for this work , I will use my own results for these stars. My calibration is 
based upon the use of scaled solar mode l a tmospheres and high resolut ion synthet ic 
spectra (Bell, 1970, 1971) and I have used uvby p h o t o m e t r y as the observational data . In 
addi t ion to estimating [M/H] , b o t h Pey t remann and I have es t imated r e f f and log g. I 
have used Hj3 a n d / ? - / t o get 7g f f, cx and b-y t o get l o g g and m\ and b-y t o get [M/H] . 
Pey t remann has tried t o find the values of r e f f , log g and [M/H] which give the best 
agreement be tween all t he observed colours and all t he c o m p u t e d ones . The results of the 
comparison for the stars in c o m m o n are given in Table I. I'll leave it t o the reader t o say if 
he considers the compar ison to be encouraging or no t . However , to guide the reader, I 
should point ou t tha t Pey t r emann states that the Geneva system is not particularly good 
for finding log g for solar t ype stars. As far as m y results go, Hj3 da ta loses a lot of its 
precision as a T e f f indicator at abou t 5800 K and for two of the stars in t he Table, 39 Ser 
and 85 Peg, my calibration of B- V indicates a rather higher value of r e f f . There is a 
ra ther curious poin t concerning the results of Table I, [M/H] : mx, b-y - [M/H] : Geneva 
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is either small or about 0 .4 . Whilst this Symposium is devoted t o abundance problems, I 
would also like to quo te predic t ions of gravities as these can be compared wi th 'observed' 
gravities deduced from assumed masses and radii, t he lat ter coming from Mv and T e f f . If 
t he predicted and observed gravities agree, we can have tha t much more confidence in the 
abundances . 

Some very interesting studies on the abundances of F dwarfs have been carried out 
recent ly by Nissen ( 1 9 7 0 ) and Gustafsson and Nissen ( 1 9 7 2 ) . These au thors have 
measured the radiat ion from stars in very narrow bands , Nissen using 3.5 A, carefully 
chosen to conta in suitable lines. One of the bands conta ins weak lines, sensitive to 
[ F e / H ] , whilst ano the r , containing very weak lines, serves as a reference. For giants, 
ano ther band will conta in lines on the flat part of the curve of growth , sensitive to the 
DBV. The measurements are made photoelectr ical ly. It is necessary to allow for the radial 
velocity of the star at t he t ime of observation when sett ing up the equ ipment . I was a 
little startled t o learn t ha t t h e precision of the latest spec t rometer is such that the Danish 
group could consider observing C 1 3 H lines in the spectra of K giants . Syn the t i c spectra 
are used to calibrate the relative intensities of the bands in te rms of [Fe /H] and, if need 
be , DBV. The results ob ta ined by this m e t h o d are probably very reliable, at least for stars 
which have weaker spectral lines t h a n does the calibrating star. In th is con tex t , the 
calibrating star is the one for which very high dispersion spectra are available and which 
can be used t o check t h e adequacy of the line list used for t he synthe t ic spectra calcula­
t ions . If we s tudy stars which are more metal rich or cooler t h a n the calibrating star, then 
lines may appear in t he stellar spectra which are not in the line list. This will yield an 
er roneous calibration. This is especially t rue for the cool giants, for which this me thod 
has also been used. Gustafsson et al ( 1974 ) (hereafter G K A ) had to go t o a great deal of 
t rouble to ensure tha t t h e y had included all possible lines in their pass bands . Inclusion of 
the red system of CN is part icularly impor tan t owing to t h e large number of possible 
bands . For example , Griffin's ( 1 9 7 0 ) Sc index measurements could not be used for Sc 
abundance de terminat ions owing t o the contamina t ion by red CN. Return ing to the 
Nissen work , it seems t o me tha t one of the real advantages of this m e t h o d is tha t there is 
no problem of con t inuum locat ion, which I th ink bedevils photographic spectroscopic 
work . Even if one has spectra of sufficient scale, there still remains the problem of grain 
noise. The problem of c o n t i n u u m location is especially critical for measuring the 
equivalent wid ths of weak lines, which are the ones we really want t o use for abundance 
studies. The photoelect r ic data is m u c h more readily reproducible . 

A comparison of the abundances found by Nissen ( 1 9 7 0 ) and b y Bell ( 1 9 7 1 ) (from 
synthet ic spectroscopy and uvby p h o t o m e t r y ) shows qui te good agreement . For 4 6 non-
cluster stars in c o m m o n we find [ F e / H ] : N - [M/H] : ml9 b-y = +0.09 and the rms 
deviation is 0 .17 . 

I th ink tha t this very nar row b a n d work probably provides the most accurate way of 
determining [Fe /H] for m a n y kinds of stars and m y only reservations concern the possible 
adequacy of the line list and the relat ion of the abundances t o the Sun. Nissen's abundan­
ces depend on the b-y which he used for the Sun and I th ink his value of 0 .424 is about 
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0.03 mag. too red. This will not affect the scale of his results, only the zero-point . I will 
re turn to the GKA results later. 

Recent interest in CNO abundances has been, I th ink , s t imulated by work on globular 
cluster stars such as Zinn ' s ( 1 9 7 3 ) demonst ra t ion that considerable differences exist in 
t he strengths of the G bands in subgiants and asympto t i c giant b ranch stars in M 92 . 
Butler, Carbon and Kraft ( 1 9 7 5 ) have argued that similar differences also exist in the 
strengths of the NH bands and tha t the strength of NH is anti-correlated with the strength 
of the G band . Osborn ( 1 9 7 1 a ) a n d o thers have observed a number of globular clusters 
using the D D O system and Osborn (1971b) pointed out that the anomalous C ( 4 1 - 4 2 ) 
colours of two stars, one in M5 and one in M10, might be caused b y differences in CNO 
from star to star in t he cluster. Dickens and Bell ( 1 9 7 5 ) have shown tha t there is a 
considerable range in [N/H] in coCen giants and Bell and Dickens ( 1 9 7 4 ) analyzed the to 
Cen CH stars. I will show a slide from this latter paper as it indicates a spectral classifica­
t ion poin t . In the upper panel of Figure 6 of Bell and Dickens ( 1 9 7 4 ) we see the spectra 
of t w o co Cen Giants , R G O 55 (a CH star) and R G O 8 4 . Note the s t rength of the Ca I line 
in the normal giant and its relative weakness in the CH star. In t he lower panel we see the 
synthet ic spectra c o m p u t e d for these t w o objects and it is clear t ha t t he enhancement of 
CH in RGO 55 greatly reduces the contrast in this spectral region and the 4226 line 
appears much less s t rong. 

Work on CNO abundances in field F , G and K stars has been carried out recently by, 
a m o n g s t o thers , Sneden ( 1 9 7 3 , 1974) , Hearnshaw (1974a , b ) and Clegg (1975) . Sneden 
and Clegg used spectral synthesis to analyse NH, CH and CN whereas Hearnshaw 
measured equivalent wid ths of CH lines and analyzed t h e m differentially relative to the 
Sun, following the t r ea tmen t in Hearnshaw (1973 ) . It is necessary t o be particularly 
careful when measuring equivalent widths in the ne ighbourhood of t h e G band . For the 
impressively large sample of 50 dwarfs and subgiants be tween F 6 and K 0 , with - 0 . 7 < 
[Fe /H] < +0 .4 , Hearnshaw finds [C/H] ~ 1.5 [ F e / H ] , an ext remely interesting result. 
However in a later paper (Hearnshaw 1975) , the result is di luted by the suggestion that it 
m a y not be obeyed by high velocity stars. Sneden has considered 11 metal-poor stars and 
concludes tha t in meta l -poor dwarfs [C/Fe]=0 and , with one excep t ion , [N/Fe]= 0 
whereas in giants [C/N] depends o n gravity, being - 1 if log g<2A and > 0 for higher £. 
However, Sneden 's error bars are typically ± 0.6: but at least this indicates that depar­
tures from the 'null hypo thes i s ' ( i .e. [C/H] = [Fe /H]) for C and N are no t large. In a 
sample of 11 dwarfs, Clegg finds deficiencies in a few of t h e meta l -poor stars, indicating 
tha t there may be something in Hearnshaw's result. The star a Tri appears t o be quite C 
deficient, a result also found b y Pagel. Clegg also finds some N deficiencies in the metal-
-poor stars: and whilst these are probably real for 4 high-velocity stars [i Cas, 171 Pup , 
H D 1 8 4 4 9 9 , 8 5 Peg) they are not as large as the suggested relat ion [ N / F e ] = [Fe /H] would 
predic t . 

In an a t t e m p t t o cast more light on this problem of t he carbon abundances , Branch 
and I have tried t o de te rmine carbon abundances for G and K giants. If Hearnshaw is 
correct , we would expect his result for the dwarfs t o also hold for giants. The observatio-
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nal data we have used for this purpose is that of Alexander and Branch ( 1 9 7 4 ) . This data 
consists of pho tomet r i c measurements through three filters, one cent red o n the (1 ,0) 
sequence of the C 2 Swan bands and a comparison band on either side. The system is 
shown in Figure 1 of Branch and Bell ( 1975 ) where , for compar ison purposes , we show 
t h e rat io of the fluxes observed by Willstrop (1965 ) for K O p h and a Boo . It is clear from 
this tha t there is greater absorp t ion cent red at 4 6 5 0 A in the spec t rum of K Oph and we 
believe that this is C 2 . The system possesses one major advantage. The C 2 bands are 
composed of many lines each of which is spectroscopically weak and so sensitive t o 
changes in t he abundance of C 2 . The overall feature t hus has the advantage of being 
strong enough to be readily measureable and yet still being very sensitive to abundance . 
The complicat ion of course is tha t there are many o ther lines con tamina t ing the pass 
bands . Branch and I carried ou t t h e relevant synthet ic spec t rum calculat ions (we are very 
grateful to Dr B. Gustafsson for supplying the scaled solar model a tmospheres and to the 
University of Copenhagen for the compute r t ime) and convolved our spectra wi th the 
filter transmission profiles. We t h e n t o o k data on the abundances , effective tempera tures 
and gravities of G and K giants from the l i terature and c o m p u t e d what t he C 2 indices of 
these stars would be expec ted t o be under the supposi t ion tha t [C/H] = [O/H] = [ F e / H ] . 
The results are shown in Figure 4 of Branch and Bell ( 1 9 7 5 ) . The abcissa in each of the 
three plots is the observed C 2 index of a star and the ord ina te is t h e predic ted index. The 
data for the left-hand panel comes from Williams ( 1 9 7 1 , 1972) , t he centre panel uses 
GKA [Fe /H] and the r ight-hand panel uses [Fe /H] from Hansen and Kjaergaard (1971) 
and Teff and g from Williams. We see a correlat ion in all th ree panels b u t wi th less scatter 
in t h e centre and right-hand ones . We ascribe the smaller scat ter t o more accurate values 
of [Fe /H] which allows us t o c o m p u t e more accurate C indices. If we change the carbon 
abundance by relatively small a m o u n t s e.g. say to [C/Fe]=+0.15 then the predicted C 2 

index changes by about 0 . 0 7 , a very large a m o u n t in these diagrams. We conclude that 
[C/Fe]=0 for the K giants in this sample. 

When carrying 4 out these calculat ions we used relatively low values for the solar (i.e. 
reference) C and 0 abundances . Repeat ing the calculations wi th higher values causes the 
predicted C 2 indices to b e c o m e a litt le weaker owing to greater deple t ion of C by CO 
format ion with the C 2 e lect ronic oscillator s trength being altered t o keep the solar C 2 

line strengths cons tan t . This effect m a y have produced the zero-point shift. 

In this con tex t , I would like t o m e n t i o n some rather cur ious po in ts concerning the star 
v Indi . Przybylski ( 1 9 6 2 ) ob ta ined a spectrum of this object at Moun t S t romlo and 
po in ted ou t tha t the CN b a n d s were very weak. Harmer and Pagel analyzed t h e star and 
found tha t the CH lines gave [C/H] = - 1 . 2 and then the CN bands implied [N/H] = - 2 . 0 . 
At PageFs suggestion, I used m y synthe t ic spectrum programme t o c o m p u t e synthet ic 
spectra for t he star and conf i rmed t h e C abundance . However , I found an even lower 
ni t rogen abundance , [N /H] =—3.0. Five years, and m a n y synthet ic spectra, later, I 'm 
ra ther sceptical about this result . First ly, it seems tha t v Indi is ra ther h o t t e r than was 
though t earlier, owing t o errors in t h e p h o t o m e t r y . Secondly , it also seems very likely 
tha t it has a much higher gravity t h a n earlier t hough t . The poin t here is that the uvby 
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p h o t o m e t r y of S tokes ( 1 9 7 3 ) shows that v Indi has a very low value of ct for its b-y 
and , in fact, in Bond 's ( 1 9 7 1 ) Ci, b-y diagram v Indi lies in the same locat ion as the stars 
BD+66° 268 and B D - 0 ° 4 4 7 0 which Bond classifies as subdwarfs . T h e parallax values are 
0 .046 (Yale) and 0 .011 (Cape) and the mean value indicates it is a subgiant . If the star is a 
subdwarf, as the p h o t o m e t r y inplies, then it must have a parallax even greater than the 
Yale value. We're still a bit uncer ta in about how good theoret ica l ultra-violet excesses are, 
b u t these calculations certainly suppor t the suggestion of the higher gravity from the 
uvby data . The higher T a n d g mean tha t the CN and NH bands can be fitted wi th a much 
higher TV abundance than found earlier and I t h ink we can no longer argue that v Indi 
definitely has [N/Fe] < 0 . 0 . 1 request tha t the parallax be re-measured. 

Lamber t , Dearborn and Sneden (1974 ) state tha t their s t imulus for the recent work on 
red giants comes from (i) new observing techniques such as Fourier t ransform infra-red 
spectroscopy, (ii) t h e realization tha t mixing does occur in stars and can produce changes 
in surface composi t ion and (iii) developments in model a tmosphere calculat ions. Lambert 
and his colleague have found C 1 2 / C 1 3 ratios for numerous stars, using the red CN system, 
CO bands and the G band (cf. Lamber t and Dearborn , 1972 ; Day et al., 1973 ; Tomkin 
and Lambert 1974 and Lamber t and Tomkin 1974) . This work , and confirming work by 
o ther authors (Upson 1 9 7 3 , K r u p p 1973 and Griffin 1975) has shown tha t a Boo has 
a C 1 2 / C 1 3 ratio of abou t 7 , compared to the terrestrial/solar ra t io of 8 9 . One of the 
advantages of synthet ic spectra calculations is that the observational data can be shown 
directly and in Figure 1 we see the pldc (11) line of C 1 3 H in the spec t rum of a Boo, the 
da ta being t aken from K r u p p ( 1 9 7 3 ) . In fact, using Krupp ' s ( 1 9 7 4 ) precise wavelengths, 
lines of C 1 3 H can be found in t he solar spect rum using the Revised Rowland Tables 
(Moore , Minnaert and Houtgast ( 1 9 6 6 ) . However, the solar C 1 2 / C 1 3 rat io can be more 
accurately obta ined from CO lines (Hall , Noyes and Ayres 1972) . In Figure 2 of Lambert 
and Tomkin we see t he observations of e Peg obta ined using the Tull coude scanner at 
MacDonald and it is clear t ha t , from this superb observational mater ia l , it is possible to 
distinguish be tween C 1 2 / C 1 3 ratios of 4,5 and 6. In fact, Lamber t and T o m k i n give 5.1 ± 
0.5 as the C 1 2 / C 1 3 ratio for e Peg. With this high precision, it is necessary to include 
relatively subtle effects such as explicit ly considering the satellite lines and , in fact, we are 
a lmost near t h e level of precision where it is necessary to allow for vibrat ion-rotat ion 
in teract ion. 

A number of t h e results ob ta ined by Lamber t ' s g roup are shown in Figure 1 of 
Lamber t and T o m k i n which gives evolut ionary t racks from Paczynski ( 1 9 7 0 ) and the 
C 1 2 / C 1 3 ratios for various stars. We see tha t the SMR star /i Leo doesn ' t have an especial­
ly low ra t io . Subgiants have higher C 1 2 / C 1 3 rat ios. 

Wing (1974 ) has described a pho tome t r i c system for de termining C 1 2 / C 1 3 in K giants, 
using ^°20 A band passes. We look forward t o seeing his resul ts . 

What about super-metal-rich (SMR) stars? Even t h o u g h Spinrad, w h o in t roduced this 
t e r m (Spinrad and Taylor , 1969 , hereafter ST) , is here I would like t o make a few 
commen t s since this is one case where t he pho tomet r i c indices appeared t o disagree with 
t he spectroscopic ones . To remind you of the s i tuat ion, ST followed earlier work at 
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Wavelength (A) 
Fig. 1. The observed spectrum of Arcturus (Griffin 1968) is represented by the solid line. The dashed 
and dotted lines represent synthetic spectra for C 1 2 / , 3 = 19 and 9, respectively. The ? \ ^ c (11) line of 
C 1 3 H and its parent C 1 2 H line are identified. 

Cambridge and used band passes of 15 or 30 A t o observe K giants. Some band passes are 
cen t red on strong lines or molecular features, o thers serve as references. On the basis of 
their observations, ST conc luded tha t 'Evolved K stars w i th metal abundances greater 
t h a n those of the Hyades exist in substantial numbers ' . This is a controversial result since 
it is widely felt t ha t , whilst some stars wi th abundances greater t han those of the Hyades 
do exist, t hey do not exist in substantial numbers . One of t h e SMR stars is JU Leo, 
previously k n o w n t o b e a s t rong CN star (e.g. Griffin a n d R e d m a n 1960) . ST found 
[Ca/H] = [Mg/H] = [Na/H] =0 .6 for this object . Since ST also claimed t o find a N-Na-Fe 
correlat ion, JJL Leo would also be Fe rich. Pursuing the top ic vigorously, ST argued that 
the M67 dwarfs were SMR (Spinrad et al, 1970) b o t h from D line indices and from low 
dispersion spectra. Subsequen t discussion b y Abt and Morgan ( 1 9 7 3 ) and Barry and 
Cromwel l ( 1 9 7 4 ) has indica ted t h a t t h e M67 spectra were no t as sharply focussed as usual 
and be t te r spectra do no t reveal t he abundance anomaly . N o explana t ion has been sub­
sequent ly offered, t o m y knowledge , as to why the D line measures give lines which are 
stronger than those in corresponding Hyades stars. 
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More recent spectroscopic and pho tomet r i c work has not confi rmed the ST abun­
dances for fi Leo . S t rom, S t rom and Carbon (1971) found [Fe /H]=+0.4 (their value is 
relative t o the Hyades which I take to have [Fe /H]=+0.3) . Blanc-Vaziaga, Cayrel and 
Cayrel ( 1 9 7 3 , hereafter BVCC) ob ta ined [ F e / H ] = - 0 . 1 and Pagel (unpubl i shed) states that 
V/Leo and a Ser have very closely similar composi t ions and their abundance is not greater 
t han that of the Hyades ' , S t rom et al. used 8 A m m " 1 spectra, BVCC used 6.8 and 12 A 
mm""1 whilst Pagel used 2.9 A m m " 1 . GKA found [Fe /H]= 0 .58 or 0 .39 , depending on 
DBV, again adopt ing 0.3 for the Hyades . I give greatest weight to Pagel and GKA in this 
because of dispersion and because of m e t h o d , respectively. If we take the lower GKA 
value we have consis tency be tween the two me thods . One problem affecting the GKA 
work , which will affect m u c h pho tome t r i c work , is this difficulty of the ext raneous lines. 
In other words , wha t is t he effect of variations in the abundance of o ther elements 
relative t o Fe in the final value of [Fe /H]? In their discussion, GKA conclude that the 
abundance of Mg is part icularly impor tan t for t hem, owing to the presence of MgH lines 
in one of their pass bands as well as the impor tance of Mg as an electron donor . No 
spectroscopist seems t o find JU Leo to be Mg rich. Lines of CN are equally distr ibuted in 
bo th feature and reference bands and thereby the impor tance of CN variations from star 
t o star is minimised in their case. On the basis of these results we conclude that ST 
overestimated their Fe abundances . BVCC state tha t /i Leo m a y be overabundant in Ca, 
Na, Mn, Cu and unde rabundan t in Ba. 

Gustafsson, Eriksson, Nord lund and myself have computed a large number of model 
a tmospheres for metal-deficient giant stars. The later set of these models includes the 
opaci ty effects of CO and the red system of CN as well as a tomic lines, using opacity-
distr ibut ion funct ions. The earlier set of models were compu ted using only a tomic line 
ODFs . We have c o m p u t e d synthet ic spectra for b o t h sets of models . The synthet ic 
spectrum programme differs a little in the two cases, wi th the damping wings of strong 
lines being followed t o only ± 7 5 A X D from line centre in the earlier case. The later 
programme allows the damping wings to have any wid th . The synthet ic spectra were also 
computed using different CNO abundances bu t the / O Q for t he molecular bands were 
adjusted so tha t t he solar molecular bands at the centre of the disc were fi t ted. Examples 
of curves of g rowth and synthe t ic spectra, as well as theoret ical colour-colour diagrams 
are shown elsewhere (Bell and Gustafsson 1975) , using the earlier models and their 
colours . The scatter in the observed Fe l and Fe l l curves of g rowth for (p 2 Ori is very small 
and an excellent fit can be ob ta ined be tween observat ion and calculat ion. However the 
scatter in the Fe l curve of g rowth , from an 1 8 A m n f 1 spec t rum, for t he M92 star 111-13 is 
very great and the F e l l curve of g rowth is not w o r t h p lo t t ing . 

In Figure 2 , 1 show the C(42—45), 0(45—48) diagram of the D D O system, computed in 
col laborat ion wi th Gustafsson, for t he later set of models and using t h e latest SSG 
programme and CNO abundances . The lines shown are the ones on which we expect stars 
in globular clusters wi th abundances of [M/H] = - 3 , - 2 , - 1 and —0.5 to lie. The T e f f and 
g values required t o cons t ruc t the lines come from the evolut ionary calculations of Rood 
( 1 9 7 2 ) , being given in Bell and Gustafsson ( 1 9 7 5 ) . The observat ions of cluster stars on 
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Fig. 2. Using gravities and temperatures found from evolutionary tracks (Rood 1972) , theoretical 
colours on the DDO system are computed for stars in the giant branches o f globular clusters with A/H 
= - 3 , - 2 , - 1 , and - 0 . 5 . These are compared with observed C4548 , C4245 colours for M5, M92 
(Osborn 1973) , 47 4 Tuc , (McClure and Osborn, 1974) and the Draco dwarf spheroidal galaxy (Hartwick 
and McClure, 1974) . 

t he DDO system (by Osborn , 1971a ; McClure and Osborn , 1974 ; and Hartwick and 
McClure, 1974) are also p lo t t ed in Figure 2. We see tha t the observat ions of stars in M92 
follow the iso-abundance line for [A/H] = - 2 fairly well and , in fact, t h e average M92 
abundance is [M/H] = —2.2. At t h e present t ime, wi th our current equ ipmen t , it seems 
best t o t ry to obta in cluster meta l abundances photometr ica l ly ra ther t han spectro-
scopically, in view of t h e scat ter in the curves of growth. This s i tuat ion may well change 
in t he future as new equ ipmen t becomes available. 

I will end this talk wi th a series of requests . 

Firstly, f ve found it t o be enormous ly helpful to have high dispersion spectra of stars 
available for s tudy. Many o the rs , for example pho tomet r i s t s w h o are deciding which 
wavelength regions to observe, also need this kind of da ta . But I would request tha t it be 
made available in machine readable form, as well as, or even instead of, a pr in ted atlas. In 
this connect ion I've found the Delbouille et al. ( 1 9 7 3 ) solar atlas t o be very helpful when 
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comput ing solar colours . I can convolve the observed solar spec t rum with filter sensitivity 
functions in the same way tha t I can convolve synthet ic spectra. We can also use com­
pute r programmes for identifying lines, we can plot the spectra o n any desired scale and 
we can convolve t h e m wi th any desired ins t rumenta l profile if we have data on 
magnetic t ape . If we are t o get a really good ma tch be tween a c o m p u t e d spect rum for a 
star and the observed spec t rum of tha t star t hen I th ink we will jus t have t o do it using a 
programme which will automat ica l ly optimise the agreement be tween the t w o . 

Secondly, I'd like spectrograph builders and /or users to measure the inst rumental 
profile of their equ ipmen t . This is part icularly t rue for the less c o m m o n ins t ruments , 
such as t he Image Tube Scanners at Lick and the A AT. Much of t h e data on faint stars is 
going to be analyzed using synthet ic spectra and anyone doing the calculations will need 
the ins t rumental da ta . 

Thirdly, let t he l abora tory spectroscopists cont inue their good work on b o t h a toms 
and molecules, wi th t h e reminder that we need damping cons tants as oscillator s trengths. 
Also let Pey t remann and Kurucz con t inue comput ing their gf values. 

Finally, m y thanks to all t he photomet r i s t s and spectroscopists w h o have obta ined all 
th is exciting data on b o t h the m u n d a n e and the unusual stars. 
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D I S C U S S I O N 

Hack: You have shown synthetic spectra at constant T and g and varying chemical composition, and at 
constant g and composition and varying T. Did you compute also the effect of small changes of 
microturbulence (by 2 or 3 km s" 1 )? 

Did it make changes which can be distinguished from changes in T or chemical composition? 
Bell: We have done such calculations but I have not plotted them. I have not analysed them 

carefully enough to answer your second question. 
Nissen: In your calibration of m x in terms of metal abundance you assume that the atmospheric 

velocity parameter - the so-called microturbulence - does not change as a function of metal abun­
dance. The fact that the metal abundances you derive agree very well with those that I have deter­
mined from a narrow-band index seems to show that this assumption is correct, because the lines in 
the v-band of the ml index are rather strong and much more sensitive to microturbulence than the 
weak lines of the narrow-band index. 

Bell: Yes, at least using my 1970 calibration. 
Foy: I have measured the microturbulent velocity $ in the solar photosphere by two ways. 
(1) From fitting theoretical curves of growth to the observed one for low excitation potential lines 

of neutral iron, I have found % - 1.0 km s _ l (Foy, 1972) . 
(2) I have fitted theoretical line profiles to the observed ones for rather weak lines. I have used the 

solar spectrum Atlas from Delbouille et al. (1974) and, as in (1) , the solar photosphere model by 
Peytremann (1974) . Results depend upon the lines considered, because this procedure is more 
sensitive than the first one to the oscillator strengths and to the iron abundance adopted in the 
computations. Microturbulent velocities which I have found lie between 0.5 to 0.8 or 1.0 km s"1 (Foy, 
1975) ; £ cannot be larger than 1.0 km s"1 to fit the data. The observed profiles cannot be interpreted 
without involving microturbulent velocity: £ cannot be decreased under 0.5 km/s . 

McCarthy: I was interested in the observational data concerning the 1 3 C H feature in Arcturus as 
shown in your slide. Who identified this feature and with what spectroscopic equipment? 

Bell: Lambert and Dearborn initially. Their work was confirmed by Krupp, who re-analyzed the 
spectrum of C 1 3 H to obtain better laboratory wavelengths. 

Maeder: Would you please make some comments on the evidence concerning systematic differences 
of observed surface abundances between the bottom and the top of red giants in clusters. Such 
evidence would reveal what in the peculiar abundances may be considered as a result of interior 
evolution and what may be considered as a reflection of peculiar initial abundances, which is a 
problem related to galactic structure. 

Bell: I can only refer you to my earlier comments and the published literature for clusters other 
than t j Cen. In u> Cen, Dickens and I have spectra of one star with a very strong Ba II X 4554 line, of 
other stars with very strong blue CN and of the CH stars. The work on CH stars has been published. 

Williams: Your use of a constant Doppler broadening velocity for all stars implies lower micro­
turbulent velocities in the cooler stars. D o you believe this? 

Bell: No, but the effect is small. I would really like to know how the microturbulence does vary 
with reff, g and IM/H1 but until then I think it is satisfactory to use a constant DBV, especially since 
we are working differentially relative to <t>2 Ori when using colours . 

Morgan: By 'strong CN' in u> Cen cluster star, do you mean comparable to a Hyades Giant, or 
stronger? 

Bell: The comparison is made relative to other CJ Cen giants. Dickens and I haven't compared with 
spectra of Hyades giants but I guess they would have weaker CN than the strong CN CJ Cen stars. 

Griffin: I would not trust a quantitative determination of C 1 2 / C 1 3 based on the C 1 3 H spectrum of 
a K star. Measurements made in the Arcturus Atlas in the region around \ 4 3 0 0 A cannot be reliable. 
Contrary to what you said, m y result for C 1 2 / C 1 3 was based upon CN measurements made in the 
infra-red region o f the spectrum. 

Bell: I know you used the C 1 3 N lines for your work, as have several people. 
Numerous C 1 3 H lines can be seen in the spectrum of Arcturus and given a C 1 2 / C 1 3 ratio consistent 

with that found from the CN data. This is shown in Krupp's thesis. 
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Griffin: Have Lambert and Tomkin calibrated their photoelectric technique against high-dispersion 
photographic spectrophotometry? Their photoelectric equivalent widths published for C 1 2 N lines of 
the (4.0) band in 0 Gem differ systematically from measurements made photographically at 1.5 
A mm" 1 , and this suggests that their results may not be quite as accurate as they claim, (you expressed 
preference for their method, which yields numerical results quickly). 

Bell: I have not seen their equipment, but the spectra shown by Lambert and Tomkin look very 
precise and I see no reason to doubt them. I am sure they would be interested in a comparison with 
your work. 

Griffin: I would prefer to make measurements slowly and accurately. 
Bell: I am all for accurate measurements. 
Griffin: Why did you find it essential to adopt a metal abundance in the Hyades giants that is 2 or 3 

times (?) the solar abundance? Just because a metal excess would seem desirable to explain broad-band 
photometry, are you not according undue favour to photometry in the face of spectroscopic 
evidence? 

Bell: Some authors have determined the abundance of M Leo relative to Hyades giants, others 
relative to the Sun. A value for the abundances of Hyades giants has to be adopted in order to 
compare these results. Numerous values exist in the literature and a compromise value of [Fe/HJ = 0.3 
seems a good one. If the Hyades dwarfs have the same value as the giants then it may be difficult to 
explain the ultra-violet excess of the Sun relative to the Hyades main sequence with a lower Hyades 
metal abundance. 

Furenlid: We have been concerned with the discrepancy in microturbulence between sun and G 
dwarfs. We find there is no discrepancy; i.e. if a flux spectrum of the Sun is analyzed by stellar analysis 
methods the Sun too has a large microturbulence (~ 3,0 km s" 1) if we use the older gf values.Micro­
turbulence is a very method-dependent parameter and can normally not be interpreted as a direct 
measure of physical small scale motions in stellar atmospheres. Care is necessary in choosing the 
correct value for this parameter in a particular atmosphere analysis, in particular when no weak lines 
have been measured. 

Bell: Maybe the microturbulence is really zero. 
Edith Miiller: S o n y ! For the solar atmosphere we need microturbulence. We have not shuffled the 

solar microturbulence under the rug. 
Bell: You are being very persuasive. 
Miiller: We have now fairly good model atmospheres for the sun which permit to reproduce very 

well the centre-limb observations of solar spectral line profiles. But we must in all cases introduce a 
microturbulence in order to keep the abundance unchanged from centre to limb. This is true for 
calculations both in LTE and in non-LTE. The microturbulence value near the limb (horizontal 
component) is larger than the value at the centre of the disc (radial component) . 

Bell: You're even more persuasive. 
Philosophically, I would like a low solar microturbulence (preferably zero microturbulence in fact). 

However, as long as the Sun is the same as other G dwarfs we should have no problems. It seems from 
this discussion that the microturbulence at the centre of the disc differs from that of the disc as a 
whole . We must allow for this fact when using solar curves of growth. 

Foy: I have two comments about microturbulent velocity: 
(1) The determination of the microturbulent velocity £ of dwarfs must take into account the 

splitting of the curve-of-growth (Foy, 1972) . I think that large values of £ in solar type dwarfs are 
obtained by neglecting this splitting. 

(2) I think that the microturbulent velocity is not uniform among G and K giants - I have found 
(Foy , thesis 1974) that stars near the giant branch have high microturbulent velocities: £ > 
1.5 km s" 1, whereas horizontal branch giants have small microturbulent velocities: £ £ 1.0 km s" 1. 

Bell: I quite agree with your first point and appreciate learning about your second point. 
Seitter: You made a strong point in favour of photometry on the basis o f the location of a certain 

star in a two-colour diagram and compared it to the large scatter in the curve-of-growth of a star in 
M 9 2 . Looking at the error bars in the two-colour diagram it seems that the uncertainty in metal 
abundance is rather large - how does it compare to the uncertainty of the abundance derived from the 
curve-of-growth? I ask this question because it seems that the single value obtained in photometry 

https://doi.org/10.1017/S007418090000869X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090000869X


ABUNDANCES THROUGH PHOTOMETRIC AND SPECTROSCOPIC METHODS 65 

simply suggests a higher accuracy as one is inclined to overlook the errors while the curve-of-growth 
always reveals its scatter. 

Bell: I think Dr Osborn has a comment on this point. Let me say that the error bars are for Draco, 
where the stars observed are fainter than in the globular clusters. 

Osborn: Let me point out that the quoted error of the high dispersion spectroscopy curve of growth 
analysis was ~ ± 0.7, which is roughly equivalent to the errors for the metal abundance determination 
from photometry. 

Williams: First, a question: in your calibration of the DDO photometry, how much of your [M/H] 
measures are CN abundance and how much metallic abundance? 

Secondly, a comment on the comparison of the spectroscopic and photometric methods of 
abundance determination (I have done both and have no axe to grind). The spectroscopic abundances 
suffer from the problems of the calibration of photographic plates and the subjective placing of the 
continuum, which are avoided in photoelectric photometric methods. The latter are more suitable for 
comparing large numbers of stars and demonstrating abundance differences between them. 

Bell: In the C ( 4 2 - 4 5 ) versus C ( 4 5 - 4 8 ) diagram which I showed, the effects of CN line blocking 
seem quite negligible. This also holds true for changes in the model structure caused by changes in the 
strengths of the red CN lines. Other DDO indices e.g. C (41 - 4 2 ) are affected by CN, of course. 

Querci: (1) What HCNO abundances have you used for computing molecular synthetic spectra? 
(2) Have you seen the effect of various HCNO abundances on the synthetic spectra and do you 

think that you do not get similar synthetic spectra from different model atmospheres? 
For example, we have seen that two CN synthetic spectra generated by two model atmospheres 

different by r e , g and HCNO are nearly similar, while the CO and C 2 synthetic spectra are never 
similar for the used parameters. 

Bell: For our colour calculations in 1974 (Branch and Bell, Monthly Notices Roy. Astron. Soc. (in 
press), Bell and Gustafsson, 1975, Dudley Observatory Report 9, 319) we used H = 12.00, C = 8.38, 
N = 7.88 and O = 8 .62. Before that time, and at the present time, we are using H = 12.00, C - 8 .62, 
N = 8.00 and O = 8.86 as the solar values. 

Yes, we have run spectra using different CNO abundance ratios. Generally we use spectra in 
combination with colours (to get temperatures etc.) so hopefully this will minimize the problem of 
getting similar CN spectra from different models. 

https://doi.org/10.1017/S007418090000869X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090000869X



