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VII. THE SUN AS A STAR 
(K. R. Sivaraman) 
An important topic of current interest both in solar and stellar physics is the possibility of 

identifying solar phenomena in stars through an understanding of these on a global scale on the 
sun. We concentrate here on the recent research concerning the variability in solar irradiance from 
disc integrated observations (sun as a star) in the white light as well as in monochromatic 
wavelengths. 
1. Luminosity variation in white light 

The principal scientific motivation for monitoring the solar constant is to detect any variabil­
ity that could explain the climate changes over the earth. For an excellent review see Newkirk 
(1983). Measurements in 1980 by the precision radiometers on NIMBUS-7 and SMM have revealed 
temporal dips of 0.1 to 0.3% in the measured solar irradiance which had eluded previous detection. 
An empirical model ascribing 90% of the short time irradiance fluctuations to sunspot blocking 
reproduces best the ACRIM data between 1980-1982. The solar irradiance reconstructed from the 
archived sunspot areas from 1874 through 1981 using this model imply that the average solar con­
stant during an active year can be as much as 0.1% lower than during a quiet year (Hoyt and 
Eddy, 1983). Photospheric heat flow can also be modulated by large laminar convective cells caus­
ing temperature perturbations between up and down flowing regions on scales of — I X 105 km and 
life times of months (Gilman, 1978). Also the subsurface magnetic concentrations might cause 
'thermal shadows' on the photosphere (Spruit, 1977; Foukal et al. 1983). But the continuum maps 
outside spots and faculae show that temperature inhomogeneities on these scales are below 
2 - 3 ° K, which is far below the spot signal (Foukal and Fowler, 1984). The heat blocked by 
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sunspots is apparently rapidly redistributed for storage throughout the convection zone over time 
scales at least comparable to the spot life times. The efficient storage and slow release explains the 
spot induced dips in the radiometry data. (Foukal et al. 1983). 
2. Luminosity variations in monochromatic radiation 
2.1. Photospheric variability 

Changes in luminosity are intimately related to the possible slow global changes in photos­
pheric temperature which can be detected by monitoring the equivalent widths of temperature sen­
sitive spectral lines originating in the photosphere. During the ascending phase of solar activity 
(1976-1980) the full disc equivalent widths of CI 5380A and four Fe I lines representing the low and 
high photosphere showed a steady decrease, but remained constant since 1980 (Livingston and 
Holweger, 1982; Holweger et al. 1983). This calls for more data to decide the presence of any 
11-year cycle modulation. Similar behaviour of all the diagnostic lines can be reconciled only by a 
slight flattening of the photospheric temperature gradient as the carbon line has a temperature sen­
sitivity opposite to that of iron lines. Since the temporal behaviour of these lines has no correlation 
with short lived features like active regions, it seems to reflect true global changes accompanying 
solar activity. 

Another diagnostic is the spectral line asymmetry which is a measure of the granular convec­
tion. The C-shaped line bisector is more blue shifted relative to the core over quiet regions than in 
magnetic regions. The full disc Fe I 5250.6 mean bisectors from the Kitt Peak 13.5m spectrograph 
show a mid-C shift towards the core by ~ 2mA between 1976 and 1981. Better observations with 
the FTS of ten similar Fe I lines confirm this trend between 1980-1982, suggesting a global decrease 
in the net upward velocity of convection in the photosphere with increase in solar activity (Livings­
ton, 1982). Pic du Midi observations showing that the size of granules is reduced at that time sup­
port this (Macris and Rosch, 1983). Far infrared radiometry of the full disc indicates a warming of 
the temperature minimum accompanying solar activity (Miiller et al. level in the atmosphere con­
tradicts this finding (Cook et al. 1980). 

2.2. Chromospheric variability 
/f-emission. The first attempt to demonstrate the variability in the Ca II K line emission 

from the 'Sun as a star' was by Bumba and Topolova (1967). The continuing disc integrated K 
emission measurements commencing in 1969 at Kodaikanal provide data on the variability of the 
K-line parameters over a full cycle (Bappu and Sivaraman, 1971; Sivaraman et al. 1984). Other 
published results, although for a limited period are those of White and Livingston (1978) and Keil 
and Worden (1984). The 1A emission index for the years 1975-1981 suggest that the excess emis­
sion in the ascending phase of the solar cycle arises from plages (White and Livingston, 1978). The 
quiet sun is represented well by the summation of the contributions from the network and the cell 
interior forming one component. The addition of two or more components, the plages and the 
active network (remnants of decayed plages) gives good agreement with full disc emission except 
near the solar maximum (Skumanich et al. 1984). 

He 1108S0A. Full disc He I 10830A equivalent width measurements since 1974 show it was 
lowest at 24 mA in mid 1975, a year earlier than sunspot minimum and steadily rose afterwards to 
83 mA in late 1981, two years after the sunspot minimum. The rotational modulation reveals 
active longitudes. The apparent rotation period increased from 1977 to 1981 and has been shorter 
since 1981 which contradicts the equatorial migration of active regions during the course of solar 
cycle (Harvey, 1983). 

Lyman Alpha. The ground based K index serves as a good proxy to space measures of Lya 
and the EUV. The Lya flux computed using a three component model of K with the photometric 
contrasts at Lya agrees well with the measured flux in the years 1969-1980 except near the solar 
maximum. High resolution observations may bring better agreement as, at 1"X1" resolution 33% 
of the disc would have enhanced Lya emission at solar maximum (Lean and Skumanich, 1983). 

3. Radius variation 
A change in the solar output would require a change in the solar radius. A day to day varia­

tion of 0.4" is detected by the dedicated solar diameter telescope in Boulder (Brown 1982). LaBonte 
and Howard (1981) from analysis of 5 years magnetograph data report that R is constant to within 
±0.1". The main problem is to be able to relate any apparent diameter change to change in lumi-
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nosity with certainty. To what accuracy must AR/R be measured to produce a change of 
AL/L ~ 0.1%? Unless this is settled, the results of the radius change measurements cannot be 
linked to luminosity changes. 
4. Rotation 

A plot of the daily mean plage areas would reveal the 27 day modulation (Bappu and Sivara-
man, 1971). Temporal power spectra of the daily plage index for the period 1976-1982 as a whole as 
well as of the broken data of one year each show only two peaks at 27 day and 13 day periods, 
(Keil and Worden, 1984). Analysis of the Mt. Wilson disc integrated magnetic flux also shows the 
27 day and its harmonics with an accuracy of ~ 2% (LaBonte, 1982). But none of the attempts 
have revealed the differential rotation of the Sun from full disc data. 
5. Solar mean magnetic field 

The only measurement of the magnetic field of the sun integrated over the entire disc is the 
one using the Fe I 5250A line for the years 1968-1981 due to Severny and his co-workers. Year to 
year values of the yearly means of the mean magnetic field show changes as much as by factors 3 to 
4 (Kotov and Severny, 1983). 
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