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1. Some facts and data about

the Solar System



The Solar System has a central star (the Sun) and eight planets and a lot of

satellites. Based upon the composition and the geometry of its significant planets

the Solar System can be divided into two main regions. The inner region has four

planets as follows: Mercury, Venus, Earth and Mars. They are called rocky, or

terrestrial planets, because they are composed mainly of silicates and other rock-

forming minerals in their crusts and mantles. Their inner cores have to contain

metals such as iron and nickel. It is the asteroid belt consisting of a lot of small solid

bodies in orbit around the Sun which separates the region of the inner and outer

planets. The outer region consists of four giant planets and they are mainly

composed of gases such as helium and hydrogen. For this reason they are called

gaseous planets. They are as follows: Jupiter, Saturn, Uranus, and Neptune.

Beyond the orbit of Neptune two regions known as the Kuiper belt and the Oort cloud

can be found. The Kuiper belt composed of dwarf planets and very small, planet-like

bodies. The Oort cloud with its icy comets can be observed even farther out.







DATA ABOUT SUN (1)

www.swpc.noaa.gov/sites/default/files/images/u33/Chapter_2_.pdf



DATA ABOUT SUN (2)

www.swpc.noaa.gov/sites/default/files/images/u33/Chapter_2_.pdf



Interior Zones of the Sun 

Zone R/R(0)
Temperature ( 

K)

Density 

(g/cm3)

Energy 

Transport 

Core 0.0 - 0.25
~ 15,000,000 -

8,000,000
~ 160 - 10 Radiative 

Radiative ~ 0.25 - 0.85
~ 8,000,000 -

500,000
~ 10 - 0.01 Radiative 

Convective ~ 0.85 - 1.00
~ 500,000 -

10,000
< 0.01 Convective

Zones in the interior part of the Sun 

are determined by the assumed 

temperature and density, and by the way

of energy transport through them. 

1.The core is the hottest, very dense 

central region in which the nuclear 

reactions take place. The temperature is 

about 15,000,000 K, its  matter is plasma 

consisting of atomic nuclei (mainly

protons) and electrons moving at  high 

speeds. The 99% of the total energy of 

the Sun is produced here. It comprises 

about 25% of the interior radius. The 

density may be 160 times greater that of 

the water.

2. The radiative layer. There is no 

energy production here. This region has 

an insulating effect that helps maintain 

the high temperature of the core. It is 

named after the mode of energy 

transport, because the primary transport 

of energy is accomplieshed by EM 

radiation. 

Source:   http://www.swpc.noaa.gov/sites/default/files/images/u33/Chapter_2_.pdf
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2. The radiative layer. The gamma photons 

produced  in the core are absorbed and re-

emitted repeatedly by nuclei in the radiative 

region. The re-emitted photons can be 

characterized with gradually lower 

energies, consequently with longer 

wavelengths. By the time the photons leave 

the Sun, their wavelengths are mostly in the

visible range.

3. The tachocline  is the third, very thin  

layer, situated between the radiative and 

convective region and acts as a border 

between the two differently rotating zones.

4. Convection region starts at about 70-

85% of the  radius and extends to just below 

the surface of the Sun. The temperature 

gradient (with increasing radius) is the 

greatest here, hot regions at the bottom of 

this layer can be found they start to rise. 

Due to the cooler temperature at the surface  

the cooler material from the surface 

descends, and giant convective cells are 

formed.
Source:   http://www.swpc.noaa.gov/sites/default/files/images/u33/Chapter_2_.pdf



1. Two protons ( hydrogen nuclei ) 

collide and fuse. One proton turns

into a neutron by the emission of a 

positron. The positron immediately

encounters its anti-particle, the

electron; the pair then annihilates, 

releasing two gamma rays. The 

result of this proton fusion is a 

deuterium nucleus, denoted 2H.

2. A deuterium nucleus collides with a

proton, and they fuse to form light

helium, 3He.   Energy is released in

the form of another gamma ray.

3. Finally, two 3He nuclei collide and 

fuse into a nucleus of helium, 4He. 

Two protons are released in this

step.

Six protons are needed in the series of reactions 

and two protons are released back. Other products 

include the He-4 nucleus, two neutrinos, two high-

energy gamma photons and two positrons. Each of 

these products carries some of the energy released 

from the slight reduction in total mass of the system.

Source:http://www.atnf.csiro.au/outreach/education/senior/astrophysics/stellarevolution_mainsequence.html#mspp

Neutrinos are  produced by the various fusion but decay reactions as well. Neotrinos are 

travelling out from the core at almost the speed of light. They are effectively unimpeded by 

the dense matter in the core of the Sun. Neutrinos carry away about 2% of the total energy.



Relative energy production in the stars for the pp chain and CNO cycle.  At the 

temperature range characteristic of  the main sequence stars, the contribution due to 

the pp chain is propotional to T4 whereas that from the CNO cycle is T17. Above 18 

million K the CNO cycle dominates over pp chain. In the case of the Sun the  core 

temperature is about 15-16 million K, the CNO cycle accounts for only a very small 

fraction of the total energy released. 

Two other  pp chain contribute about 15% of the energy production in the Sun. In the 

ppII chain, a He-3 nucleus  (produced via the first stages of the ppI chain) and a He-4 

nucleus fuse to  form Be-7 and releasing a gamma photon. The Be-7 nucleus then 

collides with a positron, releasing a neutrino and forming Li-7. This in turn fuses with a 

proton, finally splitting to  two He-4 nuclei. A rarer event is the ppIII chain. Here Be-8 is 

formed, which is unstable and splits into two He-4 nuclei. 

http://www.atnf.csiro.au/outreach/education/senior/astrophysics/stellarevolution_mainsequence.html, Source: Mike Guidry, 

University of Tennessee.

http://www.atnf.csiro.au/outreach/education/senior/astrophysics/stellarevolution_mainsequence.html


Source: http://csillagaszat.uw.hu/nap.html; Kis K.(2007), 

http://hyperphysics.phy-astr.gsu.edu/hbase/astro/carbcyc.html

The main feature of the carbon cycle 
is the addition of (four) protons in

different steps:

1. Carbon-12 nucleus fuses with a 

proton to form Nitrogen-13

2. one of the protons decays with the 

emission of a positron and a 

neutrino to form Carbon -13. 

3. additional proton captures produce 

Nitrogen-14 

4. The next proton capturing results in

Oxygen-15. 

5. After a proton-neutron 

transformation unstable Nitrogen-15

forms . 

6. Another proton capture produces 

Oxygen-16 which emits an energetic 

alpha particle to return to Carbon-12 

to repeat the cycle. This last reaction 

is the main source of energy in the 

cycle for the fueling of the star. 

In stars with central temperatures greater

than 15 million Kelvin, carbon fusion is

thought to be more dominant role than

hydrogen fusion (Sirius v. Sun)

http://csillagaszat.uw.hu/nap.html


Differential rotation of the Sun
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Differential rotation is observed when different parts of a rotating object move with 

different angular velocities at different latitudes and depths of the body and in time. The 

simplest  way to calculate  the period of rotation of the Sun may be to select a sunspot 

and determine the time  until the sunpot  appaers (comes back) again at  the same 

place on the images. The observer is on the surface of the Earth, for this reason the 

time equals the synodic period of rotation of the Sun.  

In the case of the Sun it is due to its rotation and the giant convective cell flows. HMI 

investigations revealed that rotation is roughly constant within the whole radiative layer

and variable with both latitude and radius  within the convective region. The poles 

make one rotation every 34 days and the equator every 25 days,  (sidereal). The Sun 

has an equatorial rotation speed of ~2 km/s.



Differential rotation of the Sun

http://hmi.stanford.edu/hminuggets/?p=715

Giant cells (B) was mapped by tracking the motions of supergranules. Blue colour

denotes longitudinal velocities slower than the average rotation rate, red colour

indicates faster longitudinal velocities at that latitude, the vectors in (B) present the flow

direction. On the right Reynolds stress values associated with the giant cell flows are

plotted in the funtion of �6�X�Q�¶�Vlatitude. Positive values indicate angular momentum

moving southward (on the North hemisphere) while negative values indicate angular

momentum moving northward (on the South hemisphere) . The superposition of the

southward transport in the north and the northward transport in the south at the equator

helps to maintain the �6�X�Q�¶�Vrapidly rotating equator.


