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Abst rac t . Ul t raviole t solar observa t ions a re compared with predic t ions from a new solar m o d e l . 
F r o m 3600 to 1700 A there is heavy l ine b l a n k e t i n g ; p robab ly one or m o r e major sources of opaci ty 
a re miss ing from the theoret ica l ca lcu la t ion in th is region. 

The Sun provides a particularly well-observed example of the ultraviolet spectrum of a 
typical G2 V star with a chromosphere. Because of the large increase in opacity toward 
shorter wavelengths, the ultraviolet continuum radiation arises at progressively 
higher levels. Hence, the construction of an empirical model becomes possible using 
continuum intensities alone. Because the opacity also rises with longer wavelengths, 
such a model can be checked from observations in the infrared. 

Ultraviolet intensities predicted from a model newly constructed along these prin
ciples are shown in Figure 1. This model, which will be described in more detail in 
Solar Physics, differs from the Bilderberg Continuum Atmosphere (Gingerich and De 
Jager, 1968) in having a somewhat deeper temperature minimum and an earlier 
chromospheric temperature rise. 

The solar spectrum beyond the Balmer continuum (911 to 3643 A) can be divided into 
three general regions. From the Balmer limit down to 1683 A (the edge produced by 
the first excited state of silicon), the spectrum is characterized by heavy absorption line 
blanketing and limb darkening. Between 1683 and 1525 A (the emission edge from 
the ground state of silicon), the spectrum is at first glance deceptively similar to that 
at the longer wavelengths, but a closer inspection shows a dense pattern of emission 
lines. No atomic absorption lines have been identified in this interval, although certain 
strong CO lines have been found (Porter et al, 1967). The center-to-limb variation is 
almost flat (Tousey, 1963). Radiation in this interval must arise from near the solar 
temperature minimum (Gingerich and Rich, 1968). Finally, between 1525 A and the 
Lyman limit, the spectrum arises from the low chromosphere; it is presumably limb 
brightened, the bound-free opacity edges appear in emission, and the strong emission 
lines become sufficiently separated so that the continuum is readily isolated. 

These characteristics of the spectral regions are important for understanding the 
mixed success of the model predictions shown in the figure. Toward the shorter wave
lengths, where the continuum is well defined, the model represents the observations 
quite well - in fact, better than the observational accuracy warrants. Above 1683 A, 
the heavily line-blanketed spectrum falls well below the predicted continuum level. 

Nevertheless, the difficulty of finding the continuum cannot mask the fact that one 
or more opacity sources must still be missing from the theoretical calculations, espe
cially in the 1700 to 1900 A region. Through this part of the spectrum, the model 
assumes an opacity we formerly identified with the distant resonance broadening wing 

Houziaux and Butler (eds.), Ultraviolet Stellar Spectra and Ground-Based Observations, 1 4 0 - 1 4 2 . 
All Rights Reserved. Copyright © 1 9 7 0 by the IAU. 

https://doi.org/10.1017/S0074180900101986 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900101986


T H E U L T R A V I O L E T S O L A R O P A C I T Y 141 

2100 2000 1900 1800 1700 1600 1500 1400 1300 1200 MOO 1000 900 
WAVELENGTH IN A 

Fig. 1. T h e predicted so lar ul t raviolet c o n t i n u u m c o m p a r e d with observa t ions by Bonnet (1968) 
and Park inson and Reeves. (The observa t ions at 1460 and 1490 A a re still provis ional . ) 

of Lyman a; but this is incorrect, so the situation is actually worse than graphed here. 
Carbon monoxide, the quasi -H 2 molecule, and the proper (molecular) form of the 
Lyman a wing all absorb in the 1700 to 1800 A region, but not very strongly. One good 
possibility for the missing opacity would be the several lower levels of bound-free 
iron, especially if the solar iron abundance is higher than that recently accepted. 

Perhaps I should point out explicitly that the discrepancies between the predictions 
and the observations at 1700 to 2000 A cannot be reconciled by adjusting the temper
ature structure of the new model. This would wreak havoc with the agreement at 
longer wavelengths. Therefore, the search for additional absorbers must continue. 
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Discussion 

Morton: Does your new solar UV flux d is t r ibut ion change the effective t empera tu re of 5180K 
der ived by Labs and Neckel ? 
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Gingerich: N o . There is so l i t t le flux in the so lar U V tha t a change of this size will have n o a p p r e 
c iable effect. 

Miiller: I a m referring t o t he d iscrepancy between the observed a n d predicted opac i ty nea r 1700 A. 
Y o u men t ioned to m e yesterday tha t a h igher pho tospher ic i ron a b u n d a n c e might account for the 
s t r o n g increase in the observed opac i ty n e a r 1700 A. Since, appa ren t ly , there a re s o m e evidences for 
a h igher pho tospher i c i ron a b u n d a n c e ( i .e . a factor of 10 t o 20 h igher t h a n the G M A value) , I wonde r 
whe the r the 1700 A region is t he only one in which a large pho tosphe r i c i ron a b u n d a n c e wou ld affect 
t h e opaci ty d i s t r ibu t ion and whe the r the increase of the pho tosphe r i c i ron a b u n d a n c e by a factor 
10 t o 20 wou ld be sufficient t o p r o d u c e the observed opaci ty . 

Gingerich: Unfor tuna te ly the re a re n o l abo ra to ry or q u a n t u m mechanica l values for the i ron cross 
sect ions , bu t if t he hydrogenic a p p r o x i m a t i o n has any validi ty, then wi th a 10 x G M A i ron a b u n d a n c e , 
a b o u t five bound-free levels will be i m p o r t a n t a r o u n d 1700-1800 A, where we find n o w a severe 
d iscrepancy between the m o d e l s a n d obse rva t ions . I h o p e tha t l abo ra to ry cross sect ions will be 
de t e rmined soon in the H a r v a r d Shock T u b e L a b o r a t o r y . A t h o w m u c h longer wavelengths the i ron 
m i g h t con t r ibu te not iceably , I c an ' t guess, bu t we d o have definite evidence for a compara t ive ly 
s m o o t h unidentified absorbe r d imin i sh ing at longer wavelengths u p in to the visual spec t rum. A n 
increased i ron a b u n d a n c e shou ld a lso give a des i rable increase in e lect ron densi ty in t he solar c h r o m o 
sphere . 

Conti: F r o m the repor ts by Dav i s a n d by H a l l a m , we unders t and there is a n u l t ravio le t deficiency 
for A , F , a n d G s tars . Th is is a l so t rue for the Sun . W o u l d Ginger ich ca re to c o m m e n t o n the possible 
exp lana t ions for the d i sc repancy? 

Gingerich: Wi th the possible excep t ion of i ron , I believe we have the major bound-free opaci ty 
sources . I have looked for neu t ra l and ionized a t o m s wi thou t finding o the r cand ida tes for these 
t empera tu re s . Mos t molecules a re o u t - c a r b o n monox ide , for example , is overwhelmed by sil icon 
in t h e S u n . At 1700 A the r e sonance wing of L y m a n a, which acts l ike a molecu le here , may be 
significant, and there is a lways the possibi l i ty of someth ing s t range l ike H H e . Consequen t ly it appears 
t h a t l ine b locking m a y be t h e m o s t l ikely cause of the ul t raviolet deficiency b o t h in the Sun and in 
ear l ier s ta rs . However , in the S u n the ma jo r d iscrepancy is ~ 2500 A, whereas in Sirius the disagreement 
a l so includes t he resonance l ine reg ion d o w n t o 1200 A. 
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