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Properties

• Mass = 2 x 1030 kg = 1 M¤ 

– (Kepler’s Law – later in module)



Properties

• Distance = 
1.5 x 1011 m 
= 1 au     
– (Parallax of 

planets and 
Kepler’s 
Law)



Properties

• Radius = 7 x 108 m = 1 R¤  

– (q and d)



Properties

• Luminosity = 4 x 1026 W = 1 L¤

– (Flux and d)



Class exercise

• Assuming the Sun is made of pure ionized 
hydrogen calculate how many protons are 
in the Sun



Class exercise

• Assuming the Sun is made of pure ionized 
hydrogen calculate how many protons are 
in the Sun

N =
M
mH

=
2×1030

1.7×10−27

=1×1057



Lifetime
• Geological evidence

® at least 5 x 109 years
• Stellar evolution theory

10 x 109 years
• Energy required

J 10.1
10.310.1010.4
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Nuclear Fusion

• In the core of the Sun
T=1 x 107 K
P=109 atmospheres

• Sufficient for fusion of hydrogen nuclei into 
helium

gn ++® HeH4 41



• Energy arises from mass difference

• Core of the Sun contains about 10% of 
the total mass

• Total energy available

mass.  theof 0.7%or 
amu 0.0286He)(-H)m(4 41 =m

= Δmc2

= 0.10×0.007× 2×1030 × 3×108( )
2

=1×1044  J
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Class Question 

A. The strong nuclear repulsion between the atoms of these layers.
B. The outward flow of neutrinos exerts a strong outward pressure.
C. The pressure of the radiation flowing out through the star.
D. The pressure of the very high-temperature gas within the Sun 

supports the outer layers. 
E. The interior of the Sun is under such high pressure that it is solid. 

What stops the Sun collapsing under its own weight? 



Class exercise

• Use the atomic masses of 1H and 4He 
(e.g. Tipler 40-1 or any physical data 
handbook) to show that 0.7% of the rest 
mass is converted to energy during the 
nuclear fusion process in the Sun. 
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Class exercise

41H→ 4 He
so Δm = 4 ×1.0078 - 4.0026             
= 4.0312 - 4.0026 = 0.0286 amu    

and Δm
m

=
0.0286
4.0312

= 0.0071= 0.7%
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Energy Transport

• Heat energy generated in the core is 
transported to the surface 

• Firstly by radiation and then by convection
• The outer third of the Sun is in constant 

convective motion



Granulation

• Columns of hot gas rise up to the surface, 
cool, and then fall again

• Tops of convection cells give the 
photosphere a granular appearance

From https://astrobites.com/wp-
content/uploads/2012/07/kauf18
_4.jpg



Close-up of granulation. Credit: Royal Swedish Academy of Sciences www.solarphysics.kva.se



J. Krieg et al.: Granular velocities of the Sun from speckle interferometry 1159

Fig. 2.Granular intensity and velocity at quiet Sun disc center. The ve-
locity map shows the residuals after boxcar smoothing over 3.′′5×3.′′5.
Tickmarks are at 1′′ distance.

small band image at least down to 0.′′5. Thus the reason for this
discrepancy remains to be clarified.

High velocities occur only rarely and we do not see extreme
downdrafts in intergranular lanes as expected for the low pho-
tosphere from numerical simulations (Nordlund et al. 1997).
Instead, we see approximately the same number of fast upward
flows as downward flows. Fast upward flowsmay occur in small
structures. For instance, in the middle of the white box of Fig. 2,
we see a small-scale bright point in the intensity image at the
spatial resolution limit. The upward velocity coinciding with
this structure amounts to about 2 km s−1. Close by, 0.′′6 towards
the right, the downflow in the intergranular space is−2 km s−1.
Further close inspection of Fig. 2 shows that many of the other
fast upflow velocities coincide with the bright borders of gran-
ules (de Boer et al. 1992, Rast 1995 and Wilken et al. 1997).
One example is clearly seen in the large granule just below the

Fig. 3. Histograms of velocity (solid, lower abscissa) and intensity
(dashed, upper abscissa). The dotted curve is aGaussianwith a “macro-
turbulent” velocity of V = 0.813 km s−1.

above mentioned bright point. This supports the identification
of the cause of the bright granular rims as upcoming hotmaterial
at locations of reduced pressure, as suggested from numerical
simulations by Steffen et al. (1994).

A word on the elimination of the signal of the 5-min oscil-
lations is appropriate. Deubner (1988), Espagnet et al. (1995)
and Hirzberger (1998) demonstrated how to properly disentan-
gle oscillations in the 5-min period range and at shorter periods
from granular flows, via filtering in the k − ω plane. Yet here,
we do not deal with a time sequence and thus only a filtering
in space is possible. According to Espagnet et al. (1996) the 5-
min oscillations occur at wavelengths≥ 4′′–8′′(see e.g. Fig. 8 in
Espagnet et al. 1996). Thus, since we are interested in the very
small scale dynamics, the influence of the 5-min oscillations
after only spatial smoothing should be low, although shorter pe-
riod waves at small scales may destroy the granular intensity -
velocity correlations (see Espagnet et al. 1995 and the discus-
sion below). In any case, time sequences are certainly needed
in the future.

3.2. Statistical analysis

Fig. 3 gives histograms of the residuals of the 3.′′5×3.′′5
smoothed velocities (solid) and of the residuals of the likewise
smoothed intensity fluctuations (dashed). The intensities are far
from exhibiting a normal distribution, the granular intensity pat-
tern is non-Gaussian. Although Fig. 2 shows also a clear distinc-
tion between isolated upflow regions and contiguous regions of
downflows, the velocity histogram possesses only a small skew-
ness. Apart from this it is well fitted by a Gaussian distribution

Image showing velocities associated with granulation. The hot rising parts of the convection cells 
are the blue regions moving towards us and cool sinking parts are the yellow regions moving 
away from us. From Krieg et al. (2000).



Photosphere

• ‘Visible surface’ of the Sun
• No solid surface – density and 

temperature of the gas just fall steadily 
with height through the photosphere

• ‘Effective’ temperature of 5800 K
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Corona

• The outer atmosphere of the Sun is very 
hot (T~106 K) and tenuous 

• White halo seen during eclipses extends 
several solar radii

• Also emits strongly in UV and X-rays 
observed from satellites
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Summary

• The Sun is a very average star about half 
way through its 10 billion year lifetime

• Energy generated in core by nuclear 
fusion is transported by radiation and 
convection to the photosphere where it 
radiates into space

• A hot corona is powered by magnetic 
activity



Class exercise

• Use an estimate of the typical velocity of 
convective motion seen in the Doppler 
shifts above to evaluate how long it takes 
a hot cell of gas to rise 300 km in the 
photosphere. (This is thought to be the 
typical vertical distance travelled by each 
convective cell.)



Additional Learning

• Watch the video of the total solar eclipse 
on the Web Resources section of the 
module on Minerva

• Read the directed section of the 
textbook(s)


