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CHAPTER ONE
(( Astronomy))

Astronomy is one of the oldest sciences. Prehistoric cultures left behind astronomical artifacts such as the Egyptian
monuments and Stonehenge, and early civilizations such as the Babylonians, Greeks, Chinese, and Indians
performed methodical observations of the night sky. However, the invention of the telescope was required before
astronomy was able to develop into a modern science.

During the 20th century, the field of professional astronomy split into observational and theoretical branches.
Observational astronomy is focused on acquiring data from observations of celestia objects, which is then anayzed
using basic principles of physics. Theoretica astronomy is oriented towards the development of computer or analytical
models to describe astronomical objects and phenomena. The two fields complement each other, with theoretica
astronomy seeking to explain the observational results, and observations being used to confirm theoretical results.
Amateur astronomers have contributed to many important astronomical discoveries, and astronomy is one of the
few sciences where amateurs can still play an active role, especially in the discovery and observation of transient
phenomena. Ancient astronomy is not to be confused with astrology, the belief system which claims that human
affairs are correlated with the positions of celestial objects.
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( Observational astronomy

In astronomy, the main source of information about celestial bodies and other objects is the visible light or more
generally electromagnetic radiation. Observational astronomy may be divided according to the observed region of
the electromagnetic spectrum. Some parts of the spectrum can be observed from the Earth's surface, while other
parts are only observable from either high atitudes or space.
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Radio astronomy

Radio astronomy studies radiation with wavelengths greater than approximately one millimeter. Radio astronomy is
different from most other forms of observational astronomy in that the observed radio waves can be treated as
waves rather than as discrete photons. Hence, it is relatively easier to measure both the amplitude and phase of
radio waves, whereas thisis not as easily done at shorter wavelengths.

Although some radio waves are produced by astronomical objects in the form of thermal emission, most of the
radio emission that is observed from Earth is seen in the form of synchrotron radiation, which is produced when
electrons oscillate around magnetic fields. Additionally, a number of spectral lines produced by interstellar gas,
notably the hydrogen spectra line at 21 cm, are observable at radio wavelengths. A wide variety of objects are
observable at radio wavelengths, including supernovae, interstellar gas, and active galactic nuclei.
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Infrared astronomy
Infrared astronomy deals with the detection and analysis of infrared radiation (wavelengths longer than red light).
Except at wavelengths close to visible light, infrared radiation is heavily absorbed by the atmosphere, and the
atmosphere produces significant infrared emission. Consequently, infrared observatories have to be located in high,
dry places or in space. The infrared spectrum is useful for studying objects that are too cold to radiate visible light,
such as planets. Longer infrared wavelengths can also penetrate clouds of dust that block visible light, allowing

observation of young stars in molecular clouds and the cores of galaxies. Some molecules radiate strongly in the
infrared. This can be used to study chemistry in space; more specifically it can detect water in comets.

E g wlido sl
29 4 o5 slage Jsb 50 52 010 45 g s GoB 4ei 5l 5 il slagse Jsb ) g GE Jelod 5 00,5 ST L g (clidio b
3 Nk g ladilian; @t 50 WS (o0 adg slabiade BB E g b JnS 92 9 0980 03> 92 Lawgs 8L (e 4 g B (e
ool ke At Sy LS Spe 55 b sl 45 oo lons aile alzl (gaalllas (gl g puog b il 5 dly Lib o b s e i (gl
53 Olozr sleo )l (gonmlive a5 aLS S9di sl oo (S 45 s Bl &5 )L 9 35 lagl jo WSl e (izmen iy b Slagee Job
Peed saalllae slp wlgioe (nl WS (oo B Dad 4 E g By b Sse (il pI oIl ) la LSS ladivs 5 (JeSIse sl

ST bsallss slaobw yo 1, Ol Wil oo o] 5 ol el 4 039, IS & Lad



3 o

K9 3 (g b b i 15 S 45 it oy 5% (5

Optical astronomy
Historically, optical astronomy, also called visible light astronomy, is the oldest form of astronomy. Optical images
were originally drawn by hand. In the late 19th century and most of the 20th century, images were made using
photographic equipment. Modern images are made using digital detectors. Although visible light itself extends
from approximately 4000 A to 7000 A (400 nm to 700 nm), the same equipment used at these wavelengths is aso
used to observe some near-ultraviolet and near-infrared radiation.
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Ultraviolet astronomy
Ultraviolet astronomy is generally used to refer to observations at ultraviolet wavelengths between approximately
100A and 3200 A. Light at these wavelengths is absorbed by the Earth's atmosphere, so observations at these
wavelengths must be performed from the upper atmosphere or from space. Ultraviolet astronomy is suited to the
study of thermal radiation and spectral emission lines from hot blue stars that are very bright in this wave band.
This includes the blue stars in other galaxies, which have been the targets of several ultraviolet surveys. Other
objects commonly observed in ultraviolet light include planetary nebulae, supernova remnants, and active galactic
nuclei. However, as ultraviolet light is easily absorbed by interstellar dust, an appropriate adjustment of ultraviolet
measurements is necessary.
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X-ray astronomy
X-ray astronomy is the study of astronomical objects at X-ray wavelengths. Typically, objects emit X-ray radiation as
synchrotron emission (produced by electrons oscillating around magnetic field lines), therma emission from thin
gases above 10’ kelvins, and therma emission from thick gases above 10" Kelvins. Since X-rays are absorbed by the

Earth's atmosphere, all X-ray observations must be done from high-altitude balloons, rockets, or spacecraft. Notable
X-ray sources include supernova remnants, elliptical galaxies, clusters of galaxies, and active galactic nuclei.
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Gamma-ray astronomy

Gamma ray astronomy is the study of astronomical objects at the shortest wavelengths of the electromagnetic
spectrum. Gamma rays may be observed directly by satellites such as the Compton Gamma Ray Observatory or by
specialized telescopes called atmospheric Cherenkov telescopes. The Cherenkov telescopes do not actually detect
the gamma rays directly but instead detect the flashes of visible light produced when gamma rays are absorbed by
the Earth's atmosphere. Most gamma-ray emitting sources are actually gamma-ray bursts, objects which only
produce gamma radiation for a few milliseconds to thousands of seconds before fading away. Only 10% of gamma-
ray sources are non-transient sources. These steady gamma-ray emitters include neutron stars, and black hole.
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‘ Astrometry and celestial mechanics

One of the oldest fields in astronomy, and in al of science, is the measurement of the positions of celestial objects.
Historically, accurate knowledge of the positions of the Sun, Moon, planets and stars has been essential in celestial
navigation and in the making of calendars.

Careful measurement of the positions of the planets has led to a solid understanding of gravitational perturbations,
and an ability to determine past and future positions of the planets with great accuracy, a field known as celestia
mechanics. The tracking of near-Earth objects will alow for predictions of close encounters with the Earth.

The measurement of stellar parallax of nearby stars provides a fundamental baseline in the cosmic distance ladder
that is used to measure the scale of the universe. Parallax measurements of nearby stars provide an absolute
baseline for the properties of more distant stars, because their properties can be compared. Measurements of radial
velocity and proper motion show the kinematics of these systems through the Milky Way galaxy. Astrometric

results are also used to measure the distribution of dark matter in the galaxy.
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‘ Theoretical astronomy

Theoretical astronomers use awide variety of tools which include analytical models and computational humerical
simulations. Each has some advantages. Analytical models of a process are generally better for giving insight into
the heart of what is going on. Numerical models can reveal the existence of phenomena and effects that would
otherwise not be seen.

Theorists in astronomy endeavor to create theoretical models and figure out the observational consequences of
those models. This helps observers look for data that can refute a model or help in choosing between severa
aternate or conflicting models.

Theorists aso try to generate or modify models to take into account new data. In the case of an inconsistency, the
general tendency isto try to make minimal modifications to the model to fit the data. In some cases, a large amount
of inconsistent data may lead to total abandonment of a model.

Topics studied by theoretical astronomers include: stellar dynamics and evolution; galaxy formation; large-scale
structure of matter in the Universe; origin of cosmic rays; general relativity and physical cosmology. Astrophysical
relativity serves as a tool to gauge the properties of large scale structures for which gravitation plays a significant
rolein physical phenomena and as the basis for black hole physics and the study of gravitational waves.

Some accepted and studied theories and models in astronomy, now included in the Lambda-CDM model are the

Big Bang, Cosmic inflation, dark matter, and fundamental theories of physics.
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‘ Definition
Astronomy: Astronomy is a natural science that deals with the study of celestial objects (such as stars, planets,
comets, nebulae, star clusters and galaxies) and phenomena that originate outside the Earth's atmosphere (such as

the cosmic background radiation).
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- Astronomy is concerned with the evolution, physics, chemistry, meteorology, and motion of celestial objects, as
well as the formation and development of the Universe.
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Asteroid belt: Asteroids are small Solar System bodies composed mainly of refractory rocky and metallic
minerals. The main asteroid belt occupies the orbit between Mars and Jupiter, between 2.3 AU and 3.3 AU from
the Sun. It is thought to be remnants from the Solar System's formation that failed to coalesce because of the
gravitational interference of Jupiter.
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-The asteroid belt contains tens of thousands, possibly millions, of objects over one kilometre in diameter.
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Centaurs: The centaurs are icy comet-like bodies with a semi-major axis greater than Jupiter and less than
Neptune. The largest known centaur has a diameter of about 250 km.
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- Thefirst centaur discovered has also been classified as comet (95P) since it develops atail just as comets do when

they approach the Sun.
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Celestial sphere: In astronomy and navigation, the celestial sphere is an imaginary sphere of arbitrarily large
radius, concentric with the Earth and rotating upon the same axis. All objects in the sky can be thought of as
projected upon the celestial sphere. Projected upward from Earth's equator and poles are the celestial equator and
the celestial poles.
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- The celestial sphereisavery practical tool for positional astronomy.
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Comet: A comet isanicy small Solar System body that, when close enough to the Sun, displays a visible coma (a
thin, fuzzy, temporary atmosphere), and sometimes also atail. These phenomena are both due to the effects of solar

radiation and the solar wind upon the nucleus of the comet. Comet's nuclei are themselves loose collections of ice,
dust, and small rocky particles, ranging from afew hundred meters to tens of kilometers .
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- Comets have been observed since ancient times and have historically been considered bad omens.
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Dwarf planet: A dwarf planet, as defined by the International Astronomical Union (IAU), is a celestial body
orbiting the Sun that is massive enough to be rounded by its own gravity.
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- A dwarf planet has to have sufficient mass to overcome its compressive strength and hydrostatic equilibrium.
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Dwarf galaxy: A dwarf galaxy isasmall galaxy composed of up to severa billion stars, a small number compared
to our own Milky Way's 200-400 billion stars.
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-The Large Magellanic Cloud, containing over 30 hillion stars, is sometimes classified as a dwarf galaxy while
others consider it a full-fledged galaxy going around the Milky Way galaxy.
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Dark matter: In astronomy and cosmology, dark matter is matter that is inferred to exist from gravitational effects
on visible matter and background radiation, but is undetectable by emitted or scattered electromagnetic radiation.
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-Dark matter plays a central role in modeling of structure formation and galaxy evolution, and has measurable
effects on the anisotropies observed in the cosmic microwave background.
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Earth: Earth (1 AU from the Sun) is the largest and densest of the inner planets, the only one known to have
geological activity, and is the only place in the universe where life is known to exist. Its liquid hydrosphere is
unique among the terrestrial planets. Earth's atmosphere is different from those of the other planets because of the
presence of life to contain 21% free oxygen.
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- Earth has one natural satellite, the Moon, the only large satellite of aterrestrial planet in the Solar System.
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Interstellar medium: The interstellar medium is the gas and dust that pervade interstellar space: the matter that
exists between the star systems within a galaxy.
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-Interstellar medium fillsinterstellar space and blends into the surrounding intergal actic space.
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Jupiter: Jupiter, at 318 Earth masses, is 2.5 times all the mass of all the other planets put together. It is composed
largely of hydrogen and helium. Jupiter's strong internal heat creates a number of semi-permanent features in its
atmosphere, such as cloud bands and the Great Red Spot.
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- Jupiter has 63 known satellites. The four largest, Ganymede, Callisto, lo, and Europa, show similarities to the
terrestrial planets, such as volcanism and internal heating. Ganymede, the largest satellite in the Solar System, is
larger than Mercury.
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Kuiper belt: The Kuiper belt is a great ring of debris similar to the asteroid belt, but composed mainly of ice. It
extends between 30 and 50 AU from the Sun.
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-The Kuiper belt is composed mainly of small Solar System bodies, but many of the largest Kuiper belt objects may
be reclassified as dwarf planets.
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Mercury : Mercury is the innermost and smallest planet in the Solar System, orbiting the Sun once every 87.969
days. The orbit of Mercury has the highest eccentricity of all the Solar System planets, and it has the smallest axial tilt.
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-Mercury compl etes three rotations about its axis for every two orbits.
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Milky Way Galaxy: The Milky Way Galaxy is the galaxy in which the Solar System islocated. The Milky Way is
abarred spiral galaxy that is part of the Local Group of galaxies.
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- The Milky Way Galaxy is one of billions of galaxiesin the observable Universe.
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Mars: Mars is the fourth planet from the Sun in the Solar System. It is often described as the "Red Planet”, as the
iron oxide on its surface gives it a reddish appearance.
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- Marsis aterrestrial planet with a thin atmosphere, having surface features reminiscent both of the impact craters
of the Moon and the volcanoes, valleys, deserts, and polar ice caps of Earth.
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Neptune: Neptune is the eighth and farthest planet from the Sun in our Solar System. It is the fourth-largest planet
by diameter and the third-largest by mass. Neptune is 17 times the mass of Earth and is slightly more massive than
its near-twin Uranus, which is 15 Earth masses and not as dense.
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- On average, Neptune orbits the Sun at a distance of 30.1 AU, approximately 30 times the Earth-Sun distance.
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Pluto: Pluto, a dwarf planet, is the largest known object in the Kuiper belt. When discovered in 1930, it was
considered to be the ninth planet; this changed in 2006 with the adoption of aformal definition of planet.
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-Upon the discovery of Pluto in 1930, Neptune became the penultimate planet, save for a 20-year period between
1979 and 1999.
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Redshift: Redshift happens when light seen coming from an object is proportionally shifted to appear more red.

Here, the term "redder" refers to what happens when visible light is shifted toward the red end of the visible
spectrum.

Ojle Ll g0 S 40 08 B Wig e S 51 45T (555 050 o S widl oo LT By a3 @ plmle (b)) 3,8 4 lul

s oo &y il o JUEI (S e il 08 Sl G 4y Sy0 55 By 45 00,5 e 3z O A e, B

- A specia relativistic redshift formula (and its classical approximation) can be used to calculate the redshift of a

nearby object when spacetime is flat; However, many cases such as black holes and Big Bang cosmology require
that redshifts be calculated using general relativity.

@ el 2395 plojlad By Soo3 ea S5 e 4 bl Gamile Gy WlE e (O] (S oyl 9) el s 08 4 bl Jge b -

B0 ple s jloslainl b 50,8 4y sloule ganlre 4 5ho o Ko (ol S 5 brall ol ailo lg0 (6 )b Lol s34, IS

Supernova: A supernova is a stellar explosion that is more energetic than a nova. Supernovae are extremely
luminous and cause a burst of radiation that often outshines an entire galaxy, before fading from view over several
weeks or months. During this short interval a supernova can radiate as much energy as the Sun is expected to emit
over itsentire life span.
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- Although no supernova has been observed unguestionably in the Milky Way since 1604, on average supernovae
occur about once every 50 years in a galaxy the size of the Milky Way.
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Solar wind: The solar wind is a stream of charged particles gjected from the upper atmosphere of the Sun. It
mostly consists of electrons and protons with energies usually between 10 and 100 eV. The stream of particles
varies in temperature and speed over time. These particles can escape the Sun's gravity because of their high kinetic
energy and the high temperature of the corona.
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-The solar wind creates the heliosphere, a vast bubble in the interstellar medium that surrounds the solar system.
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Saturn: Saturn, distinguished by its extensive ring system, has several similarities to Jupiter, such as its

atmospheric composition and magnetosphere. Although Saturn has 60% of Jupiter's volume, it isless than athird as

massive, at 95 Earth masses, making it the least dense planet in the Solar System.
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- Saturn has 62 confirmed satellites; two of which, Titan and Enceladus, show signs of geological activity, though

they are largely made of ice. Titan, the second largest moon in the Solar System, is larger than Mercury and the
only satellite in the Solar System with a substantial atmosphere.
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Terrestrial planet: A terrestrial planet is a planet that is primarily composed of silicate rocks. Within the Solar
System, the terrestrial planets are the inner planets closest to the Sun.
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- Terrestria planets are substantially different from gas giants, which might not have solid surfaces and are composed
mostly of some combination of hydrogen, helium, and water existing in various physical states.

39 9550 0 5 s ¢)3,008 oS 5 5l Bes 5 aril AL 5w zshaw Canl (Soe 4 e Sglite 655 slaJoi b B13 (S5 slwo L -
loads oSas calises S s slacl>
Uranus: Uranus, at 14 Earth masses, is the lightest of the outer planets. Uniquely among the planets, it orbits the

Sun onitsside; its axial tilt is over ninety degreesto the ecliptic. It has a much colder core than the other gas giants,
and radiates very little heat into space.
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-Uranus has 27 known satellites, the largest ones being Titania, Oberon, Umbriel, Ariel and Miranda.
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Venus: Venus is the second planet from the Sun, orbiting it every 224.7 Earth days. After the Moon, it is the
brightest natural object in the night sky.
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- Venus reaches its maximum brightness shortly before sunrise or shortly after sunset, for which reason it is often
called the Morning Star or the Evening Star.
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