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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.




Table 1.1 Dimensions and rotational characteristics of the planets ( data sources: Beatty et al., 1999; McCarthy and Petit,
2004; National Space Science Data Center, 2004 [http:lInssde.gsfc.nasa.goviplaneraryl | )

The great planets and Pluto are gaseous. For these planets the surface on which the pressureis 1 atmosphere is taken as the
effective radius. In the definition of polar flattening, a and ¢ are respectively the semi-major and semi-minor axes of the
spheroidal shape.
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Mass Mean Sidereal Polar Obliquity

Mass relative density Equatorial  rotation flattening of rotation
Planet M[10*kg] toEarth [kgm 7] radius[km] period[days] [=(a—c)la axis[’]
N e
Terrestrial planets and the Moon
Mercury 0.3302 0.0553 5427 2,440 58.81 0.0 0.1
Venus 4.869 0.815 5.243 6,052 243.7 0.0 177.4
Earth 5974 1.000 5515 6,378 0.9973 0.003353 23.45
Moon 0.0735 0.0123  3.347 1,738 27.32 0.0012 6.68
Mars 0.6419 0.1074 3933 3,397 1.0275 0.00648 25.19

Great planets and Pluto

Jupiter 1.899 317.8 1,326 71,492 0414 0.0649 3.12
Saturn 568.5 95.2 687 60,268 0.444 0.098 26.73
Uranus 86.8 14.4 1,270 25,559 0.720 0.023 97.86
Neptune 102.4 17.15 1.638 24,766 0.671 0.017 29.6
Pluto 0.125 0.0021 1.750 1.195 6.405 —




Table 1.2 Dimensions and characteristics of the planetary orbits ( data sources: Beatty ¢l al., 1999; McCarthy and Petit,
2004; National Space Science Data Center, 2004 [http:/inssdc.gsfc.nasa. goviplanetaryl )
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Mean Inclination Mean orbital Sidereal
orbital radius Semi-major Eccentricity of orbit to velocity period of
Planet [AU] axis [10° km) of orbit ecliptic [] [kms™'] orbit [yr]
Terrestrial planets and the Moon
Mercury 0.3830 57.91 0.2056 7.00 47.87 0.2408
Venus 0.7234 108.2 0.0068 3.39 35.02 0.6152
Earth 1.0000 149.6 0.01671 0.0 29.79 1.000
Moon 0.00257 0.3844 0.0549 5.145 1.023 0.0748
(about Earth)
Mars 1.520 2279 0.0934 1.85 24.13 1.881

Great planets and Pluto

Jupiter 5.202 78.4 0.0484 304 13.07 11.86
Saturn 9.576 1.427 0.0542 484 9.69 294
Uranus 19.19 2,871 0.0472 ; 6.81 83.7
Neptune 30.07 4.498 0.00859 : 543 164.9
Pluto 38.62 5.906 0.249 ; 4.72 248
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DATA ABOUT SUN (1)

Age

At least 4.5 billion years in present state

Chemical composition of photosphere { by mass. in percent):
Hydrogen
Hellum
Oxygen
Carbon
Iron
Neon
Nitrogen
Silicon
Magnesium
Sulfur
Other

73.46
24.85
0.77
0.29
016
0.12
0.09
0.07
0.05
0.04
0.10

Denzty (water=1000):
Mean density of entire Sun
Interior (center of Sun)
Swrface {(photosphere)
Chromosphere
Low corona
Sea level ammosphere of Earth (for comparizon)

1410 kg/m3 -
160000 kz'm”
108 kg/m?
10 kz'm3
10-13 kg.:m3
1.2kz'm’

Diameter (measured at the Photosphere)

1.39x10% km {or 109 times the diameter of Earth and 9.75 times the
diameter of Jupiter, the largest planet

Distance
mean distance from Earth
Vanaztion in distance through the vear

152108 km
4+ 1.5 percent

Maznetic field strengths for typical features:
Sunspots
Polar field
Bngzht, chromosphenc network
Ephemens (unipolar) active regions
Chromosphenc plages
Prominences
Earth {for companson)

0.3 tesla

10~ tesla

0.0025 tesla

0.0020 tesla

0.02 tesla

1073 to 1072 tesla
T% 107 tesla at pole

www.swpc.noaa.gov/sites/default/files/images/u33/Chapter_2 .pdf




DATA ABOUT SUN (2)

Mass 1.99x10°Y kg (or 333 000 times the mass of Earth)

Rotation (as seen from Earth):
Of solar equator 26.8 days
At solar [atitude 30° 28.2 days
At solar latitude 60° 30.8 days
At solar latitude 75° 31.8 days

Solar radiation:
Entire Sun 3.83x10B kW
Unit area of surface of Sun 6.29x10% kW/m?
Recerved at top of Earth’s atmosphere 1370 Wim?

Swrface bnghtness of the Sun (photosphere):
Compared to full Moon 398 000 fimes
Compared to mner corona 300 000 tunes
Compared to outer corona 10%% times
Compared to dayvtime sky on Pikes Pezk 100 000 fimes
Compared to daytume sky at Orange, N.J 1000 times=

Temperature:
Intenor (center) 15000000 K
Surface (photosphers) 6050 K
Sunspot umbsa (typical) 240K
Penumbra (typical) 5680 K
Chromosphere 4300 10 30 000K
Corona 800 000 to 3 000 OGO K

l.41x10ﬁ m? (or 1.3 million times the volume of Earth)

www.swpc.noaa.gov/sites/default/files/images/u33/Chapter 2 .pdf
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Energy
Transport

Radiative

Radiative

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.

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



Interior Zones of the Sun
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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



Main Form of Proton-Proton (pp) Chain in Sun

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.

3.

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 ?H.

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.
Finally, two *He nuclei collide and
fuse into a nucleus of helium, 4He.
Two protons are released in this
step.

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.

Source:http://www.atnf.csiro.au/outreach/education/senior/astrophysics/stellarevolution_mainsequence.html#mspp
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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 T'’. 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
ppll chain, a He-3 nucleus (produced via the first stages of the ppl 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 pplll 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

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)

2.

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

one of the protons decays with the
emission of a positron and a
neutrino to form Carbon -13.
additional proton captures produce
Nitrogen-14

The next proton capturing results in
Oxygen-15.

After a proton-neutron
transformation unstable Nitrogen-15
forms .

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.

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

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


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

Differential rotation of the Sun
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.
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Differential rotation of the Sun
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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 faWtude. 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 dly rotating equator.
P Q@N y J¢4 http://hmi.stanford.edu/hminuggets/?p=715



