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CHAPTER TWO

The Solar System

The Solar System is the gravitationally bound system comprising the Sun and the
EOECENECTBRNCHHENCECHVASRIRGIEEHIN Of those objects that orbit the Sun

directly, the largest eight are the planets, with the remainder being significantly smaller
objects, such as 5 dwarf planets and Millions of comets and asteroids. Of the objects
that orbit the Sun indirectly, 240 moons, two are larger than the smallest planet,
Mercury.
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Structure of Solar System:
. The inner planets: The four terrestrials have dense, rocky compositions, few or
no moons, and no ring systems. Mercury, Venus, Earth and Mars.
. The asteroid belt, which lies between the orbits of Mars and Jupiter, mostly contains
objects composed, like the terrestrial planets, of rock and metal.
. The outer planets: are giant planets (sometimes called Jovian planets), being
substantially more massive than the terrestrials. The two largest, Jupiter and Saturn,
are gas giants, being composed mainly of hydrogen and helium; the two outermost
planets, Uranus and Neptune, are ice giants, being composed mostly of substances with
relatively high melting points compared with hydrogen and helium, called ices, such
as water, ammonia and methane.
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Oort Cloud

4. The trans-Neptunian objects: is any minor planet in the Solar System that orbits the
Sun at a greater average distance than Neptune, which has a semi-major axis of 30.1
astronomical units (AU).

A. The Kuiper belt: is a great ring of debris similar to the asteroid belt, but consisting
mainly of objects composed primarily of ice.

B. The scattered disc: which overlaps the Kuiper belt but extends much further
outwards, is thought to be the source of short-period comets.

C. The Oort cloud: is a hypothetical spherical cloud of up to a trillion icy objects that
is thought to be the source for all long-period comets and to surround the Solar
System at roughly 50,000 AU.
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e The Sun

The Sun is a G2V star at the center of the Solar System and s informally referred to as
a yellow dwarf. The Sun formed approximately 4.6 billion years ago from the

gravitational collapse of matter within a region of a large molecular cloud. Most of this
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matter gathered in the center, whereas the rest flattened into an orbiting disk that
became the Solar System. The central mass became so hot and dense that it eventually
initiated nuclear fusion in its core.
The Sun is roughly middle-aged: it has not changed dramatically for more than four
billion years, and will remain fairly stable for more than another five billion years.
After hydrogen fusion in its core has stopped and will undergo severe changes and
become a red giant. It is calculated that the Sun will become sufficiently large to engulf
the current orbits of Mercury, Venus, and possibly Earth.
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e Characteristics
The Sun does not have a definite boundary, and in its outer parts its density decreases
exponentially with increasing distance from its center. The Sun's radius is 696392 Km
about 109 times that of Earth. The Sun is a near-perfect sphere where its polar diameter
differs from its equatorial diameter by only 10 km.
Mass of Sun is 1.9885x10% Kg about 330,000 times that of Earth, about 99.86% of the
total mass of the Solar System. Average density of Sun is 1.408 g/cm?® and escape
velocity from the surface of Sun is 617.7 Km/s about 55 times that of Earth.
The Sun rotates faster at its equator than at its poles. In a frame of reference defined by
the stars, the rotational period is approximately 25.6 days at the equator and 33.5 days
at the poles. Viewed from Earth as it orbits the Sun, the apparent rotational period of
the Sun at its equator is about 28 days.
Sunlight at the top of Earth's atmosphere is composed (by total energy) of about 50%
infrared light, 40% visible light, and 10% ultraviolet light.
The Sun is composed primarily of the chemical elements’ hydrogen and helium; they
account for 74.9% and 23.8% of the mass of the Sun, respectively. All heavier elements
account for less than 2% of the mass, with oxygen (roughly 1% of the Sun's mass),
carbon (0.3%), neon (0.2%), and iron (0.2%) being the most abundant.
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e Structure

1- Core:
The core of the Sun extends from the center to about 20-25% of the solar radius. It has
a density of up to 150 g/cm3 (about 150 times the density of water) and a temperature
of close to 15.7 million kelvins (K). Through most of the Sun's life, energy is produced
by nuclear fusion in the core region through a series of steps called the p—p (proton—
proton) chain; this process converts four protons (hydrogen) into helium nuclei (alpha
particle). In general, proton—proton fusion can occur only if the Kinetic energy
(temperature) of the protons is high enough to overcome their mutual electrostatic
repulsion. Only 0.8% of the energy generated in the Sun comes from the CNO cycle,
though this proportion is expected to increase as the Sun becomes older.
The core is the only region in the Sun that produces an appreciable amount of thermal
energy through fusion; 99% of the power is generated within 24% of the Sun's radius,
and by 30% of the radius, fusion has stopped nearly entirely. The remainder of the Sun
is heated by this energy as it is transferred outwards through many successive layers.
Asx) Spm/an 150 M 48ES Jaali el jhad Caiai (50 %925-20 (s () S sall o Q) a8 iy
L) ah epuadl) Sla alara S (K) GAS Gsale 15,7 (0 @i 5 ) s A 3 (slal) A8US Caaa 150
P-P b ansi o shadl) e Al JOA (e el Ll dikaial) 8 55 530) Zlei¥) (33 sk (e A8
cole I3 (W aaen) ssbil) 3155 ) (Oanaonell) sty @l aleall 038 Jsad ¢(Osi s 055 0)
S L dlle <l g g ol (30 yadl da ) A el 48Ul CilS 13) Jadd () g -y 55 n len) sy O Sy
(CNO 3,5 (30 el 8 32 sall 48U (pe Jath 00,8 (5 Jolial) Sl 5 oS il e alaall
el (8 Gl 085 e Al 038 213 35 () a8 giall e il (e a2 N e
A5 Gzl NS (e Ayl all 28U (e 08 AaS i ) eedll 8 sas ) dikiall a4 31l
S eV i g5 ¢ pladll Ciual (e 930 Ay g cpuadll el Caiai e %24 G A8l e %99
Claahall (e daell jae 7z lad) ) Lelas & Coa AUl 228 ddas) 50 Guadill (e (A5 Le i 2y L 585 JalS
a8laiall

33



